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" U n t i l  l a t e l y  a l l  c h es t  a f f e c t i o n s  were confounded under the  te rm 

pneumonia,  o r  i n f l a m m a t io n  o f  the  l u n g s ;  and t h e r e  is  no reason f o r  

push ing  our d i s t i n c t i o n s  to o  f a r ,  excep t  t h a t  i t  is  s a t i s f a c t o r y  t o  

know the  p r e c i s e  n a tu r e  o f  th e  d is e a s e  wh ich  d e s t r o y s  our  c a t t l e ,  f o r  

t h a t  w i l l  p ro b a b ly  lead us t o  the  d i s c o v e r y  o f  the  a c tu a l  cause o f  

the  m a la d y . "

(Y o u a t t ,  1858.)
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SUMMARY

During  a c l  i n i c o - p a t h o l o g i c a 1 i n v e s t i g a t i o n  o f  fog  f e v e r ,  

p r e c i p i t a t i n g  a n t i b o d i e s  t o  M ic r o p o ly s p o r a  fae n i  were d e te c te d  in  sera 

f rom ten  h a y - fe d  housed c a t t l e  t h a t  had deve loped  a cu te  r e s p i r a t o r y  

d is e a s e  b u t  they  were n o t  d e te c te d  In 12 c a t t l e  t h a t  had developed 

c l a s s i c a l  p a s t u r e - a s s o c i a t e d  fog  f e v e r .  A case o f  “ i n d o o r "  fog  f e v e r  

was s u b je c te d  t o  d e t a i l e d  i n v e s t i g a t i o n  and i t  was found t o  be v e ry  

s i m i l a r  c l i n i c a l l y ,  e p i d e m i o l o g i c a l l y ,  p a t h o l o g i c a l l y  and s e r o l o g i c a l l y  

t o  a c u te  f a r m e r ' s  lung in  man. The d isease  in  c a t t l e  was s u b se q ue n t l y  

c a l l e d  " b o v in e  f a r m e r ' s  l u n g " .

The c l i n i c a l  s ig n s  o f  bov ine  f a r m e r ' s  lung had developed 

sudden ly  in  18 cases (acu te  form) w h i l e  in  27 a n im a ls  the y  had 

deve loped i n s i d i o u s l y  ( c h r o n i c  f o r m ) .  W i th  a c u te  f a r m e r ' s  lung t h e r e  

were o bv iou s  c o n s t i t u t i o n a l  s ign s  ( a g a l a c t i a ,  a n o re x ia )  in a d d i t i o n  t o  

r e s p i r a t o r y  d i s t r e s s  whereas w i t h  the  c h r o n i c  fo rm the  ma jo r  p r e s e n t i n g  

s ig n s  were a lm o s t  w h o l l y  r e f e r a b l e  t o  the  r e s p i r a t o r y  system (cough in g ,  

hype rpnoea ) .  On ad m iss io n  t o  the  V e t e r i n a r y  S choo l ,  the  c l i n i c a l  

d i f f e r e n c e s  between the  two forms o f  the  d isease  were no t  ve ry  g r e a t  

because o f  the  t im e  t h a t  had e lapsed  s in c e  the  a n im a ls  had f i r s t  been 

seen t o  be i l l .

The 45 c l i n i c a l  cases o f  b ov ine  f a r m e r ' s  lung  were a d m i t t e d  

f rom 29 farms and on s i x  o f  these  farms the  fa rm e rs  s u f f e r e d  f rom 

f a r m e r ' s  lung w h i l e  on a n o th e r  seven they  e xpe r ie nced  an adverse  

c l i n i c a l  r e a c t i o n  d u r i n g ,  o r  soon a f t e r ,  w o rk in g  w i t h  mouldy hay.  The 

keep in g  o f  d a i r y  c a t t l e  t i e d  up in by res was c l o s e l y  a s s o c ia te d  w i t h  

the  development  o f  f a r m e r ' s  lung in  t h e i r  a t t e n d a n t s .  The p re v a le n c e  

o f  bov ine  f a r m e r ' s  lu ng  was h ig h e r  in  d a i r y  than  in  bee f  c a t t l e  excep t  

in  Westmorland where the  o p p o s i t e  was found.

Every c l i n i c a l  case had been a d m i t te d  f rom the  m a in ly  h i l l y  

a reas  o f  n o r t h - w e s t  B r i t a i n  where t h e r e  is  o f t e n  r a i n  d u r in g  the  hay 

making season. Only  mouldy hay was a s s o c ia te d  w i t h  the  deve lopment 

o f  c l i n i c a l  d isease  a l t h o u g h  on one fa rm ,  where o n l y  s i l a g e  had been 

f e d ,  p r e c l p i t i n s  t o  M. f a e n i  deve loped  in a s i n g l e  cow as a r e s u l t  o f  

her  h av ing  been fed  mouldy r o l l e d  w e t - s t o r e d  b a r l e y .

Dur ing  th e  f i r s t  y e a r  o f  a s e r o l o g i c a l  I n v e s t i g a t i o n ,  g r e a t  

v a r i a t i o n  in the  p re v a le n c e  o f  p r e c l p i t i n s  t o  M. fa en i_ was found b e t -
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ween s e le c te d  h e rds .  The p re v a le n c e  o f  p r e c l p i t i n s  was s i g n i f i c a n t l y  

h i g h e r  a t  the  b e g in n in g  o f  w i n t e r  in herds s e le c te d  because the  fa rmer  

s u f f e r e d  f rom f a r m e r ' s  lung than i t  was in the  o th e r  herds and ,  d u r i n g  

the  w i n t e r ,  s i g n i f i c a n t l y  more c a t t l e  developed p r e c l p i t i n s  in these  

" f a r m e r ' s  lu n g "  h e rd s .  In c o n t r a s t  d u r in g  the  second w i n t e r ,  a 

s i g n i f i c a n t  in c re a s e  in the  p re v a le n c e  o f  p r e c l p i t i n s  d i d  n o t  occur in  

any o f  the  herds because p a r t i c u l a r l y  mouldy hay had no t  been fe d .  

C o n s id e r in g  both  years  o f  the  s t u d y ,  i t  was found t h a t  th e  p re v a le n c e  

o f  p r e c l p i t i n s  in  a herd a t  the  end o f  w i n t e r  was de te rm ined  by the  

m ou ld iness  o f  the  hay and t h a t  t h e  mou ld iness  o f  the  hay was c l o s e l y  

a s s o c ia te d  w i t h  th e  number o f  r a in d a y s  in  J u l y .  Dur ing  the  summer 

between the  two w i n t e r  hous ing  p e r io d s  r e f e r r e d  t o  above ,  the  

p re v a le n c e  o f  p r e c l p i t i n s  decreased in every  he rd .

I t  was deduced t h a t  r e g u l a r  exposure t o  mouldy hay d u s t  had 

a c u m u la t i v e  e f f e c t  because th e  p re v a le n c e  o f  p r e c l p i t i n s  was 

s i g n i f i c a n t l y  g r e a t e r  in  herds in  wh ich  f a r m e r ' s  lung  had been 

c o n f i r m e d ,  e i t h e r  in  the  c a t t l e  o r  in  the  farmer,  than in  the  o th e r  

he rds .  There was a p o s i t i v e  c o r r e l a t i o n  between the  age o f  th e  c a t t l e  

sampled and the  p re v a le n c e  o f  p r e c l p i t i n s  as w e l l  as between age and 

the  number o f  c l i n i c a l  cases o f  bov ine  f a r m e r ' s  lu n g .  There was a l s o  

a good c o r r e l a t i o n  between the  p re v a le n c e  o f  p r e c l p i t i n s  a t  the  end 

o f  w i n t e r  and the  f re q u e n cy  o f  cough ing  in  the  h e rd .

As a means o f  c o n f i r m i n g  the  c l i n i c a l  d ia g n o s i s  o f  bov ine  

f a r m e r ' s  lung  se ve ra l  p rocedures  were s t u d ie d  because,  as a r e s u l t  o f  

the  s e r o l o g i c a l  s u rv e y ,  i t  was found t h a t  the  presence o f  p r e c l p i t i n s  

t o  M. f a en i  c o n f i rm e d  o n l y  t h a t  an animal  had been exposed t o  M. fa e n i  

(mouldy hay dus t )  no t  t h a t  i t  was s u f f e r i n g  f rom c l i n i c a l  d i s e a s e .  

Rad iography  proved t o  be o f  l i m i t e d  p r a c t i c a l  use even though t h e r e  was 

a g e n e r a l i s e d  r e d u c t i o n  in  the  r a d io l u c e n c y  and an inc reased  r e a c t i o n  

around the  ma jo r  b ro nch i  and b lood  v e sse ls  In the  d ia p h ra g m a t i c  lo bes .  

F o l l o w in g  the  i n t r a - d e r m a l  i n j e c t i o n  o f  M. fa e n i  a n t i g e n s , t h e  r e a c t i o n s  

wh ich  developed w i t h i n  f o u r  t o  e i g h t  hours  appeared t o  be e n t i r e l y  

dependent  upon the  presence o f  p r e c i p i t i n s  in  the  serum. H i s t o -  

p a t h o l o g i c a l  e x a m in a t io n  o f  s k i n  b i o p s ie s  taken s i x  hours p o s t - i n j e c t i o n  

i n d i c a t e d  t h a t  the  r e a c t i o n s  were t y p i c a l  o f  a type  i l l  ( A r t h u s - t y p e )  

h y p e r s e n s i t i v i t y  r e a c t i o n .

The d ia g n o s is  o f  f a r m e r ' s  lung was no t  d i f f i c u l t  a t  necropsy  

because o f  the  presence o f  c h a r a c t e r i s t i c  l e s i o n s  wh ich  were s i m i l a r
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în a c u te  and c h r o n i c  cases a l t h o u g h  t h e i r  s e v e r i t y  and extent :  d i f f e r e d .  

On macroscop ic  e x a m in a t io n ,  l a r g e  numbers o f  smal l  g rey  spots  (1-2 mm) 

were seen in the  c e n t r e  o f  l o b u le s  wh ich  were p a le  around t h e i r  edges.  

M i c r o s c o p i c a l l y ,  t h e r e  was t h i c k e n i n g  o f  the  a l v e o l a r  septa and w a l l s  

wh ich  had r e s u l t e d  m a in l y  f rom a mononuc lear  c e l l u l a r  i n f i l t r a t i o n .  

E p i t h e l i o i d  g ranu lomata  were more p r e v a le n t  In a c u te  than  in  c h r o n i c  

cases .  The degree o f  i n t e r - a l v e o l a r  f i b r o s i s  v a r i e d  f rom f o c i  in 

young a n im a ls  w i t h  t h e  c h r o n i c  d isease  t o  d i f f u s e  pulmonary f i b r o s i s  

in  o l d  l o n g - s t a n d in g  cases .  B r o n c h i t i s ,  b r o n c h i o l i t i s  and 

b r o n c h i o l i t i s  o b l i t e r a n s  were i n v a r i a b l y  p r e s e n t .

In e i g h t  c a l v e s  c o n t i n u a l l y  exposed t o  mouldy hay d u s t ,  

p r e c i p i t i n s  t o  M. f a e n i  became d e t e c t a b l e  a f t e r  f o u r  t o  seven weeks 

a l t h o u g h  c l i n i c a l  s ig n s  o f  r e s p i r a t o r y  d isease  d i d  n o t  become app a re n t  

even a f t e r  f o u r  c a lv e s  had been exposed f o r  18 weeks. When the  l a t t e r  

f o u r  a n im a ls  were g iv e n  two massive  exposures o f  mouldy hay d u s t ,  a 

s i n g l e  animal  deve loped  a m i l d  c l i n i c a l  response seven t o  ten  hours 

a f t e r  t h e  f i r s t  exposure  o n l y .  F o l l o w in g  both massive exposu res ,  the  

mean number o f  c i r c u l a t i n g  n e u t r o p h i l s  in  the  group decreased d u r in g  

th e  f i r s t  f o u r  hours  and then r e t u r n e d . t o  the  p re -e xpo su re  l e v e l s  

w i t h i n  the  nex t  f o u r  h o u rs .  A t  n ec ropsy ,  a v a r i a b l y  degree o f  

t h i c k e n i n g  o f  the  a l v e o l a r  septa  due t o  i n f i l t r a t i o n  w i t h  mononuc lear  

c e l l s  was p re sen t  in  a l l  e i g h t  c a lv e s  a l t h o u g h  d e f i n i t e  e p i t h e l i o i d  

g ranu lomata  were o n l y  seen in two a n im a l s .  In th e  f o u r  ca lv e s

k i l l e d  a f t e r  t h e i r  second massive  exposure  t o  mouldy hay d u s t ,  t h e r e

were more n e u t r o p h i l s  in the  lungs o f  the  two k i l l e d  a f t e r  s i x  hours

than  in  the  lungs o f  the  two k i l l e d  a f t e r  24 h ou rs .  I t  was deduced,

t h e r e f o r e ,  t h a t  the  presence o f  p r e c i p i t i n s  no t  o n l y  con f i rm ed  

exposure  t o  M. f a e n i  bu t  a l s o  i n d i c a t e d  t h a t  s e n s i t i s a t i o n  had oc c u r re d

s in c e  every  e x pe r im en ta l  c a l f  w i t h  p r e c i p i t i n s  t o  H. f a e n i  had

pulmonary l e s i o n s  c h a r a c t e r i s t i c  o f  f a r m e r ' s  lu ng .  The c l i n i c a l  and 

h a e m a to lo g ic a 1 f i n d i n g s  t o g e th e r  w i t h  the  h i s t o p a t h o l o g i c a l  changes in 

the  lungs  and in the  s k in  b i o p s ie s  I n d i c a te d  t h a t  a t ype  111 

h y p e r s e n s i t i v i t y  r e a c t i o n  was c l o s e l y  a s s o c ia te d  w i t h  the  development 

o f  f a r m e r ' s  lung  d ise a se  in c a t t l e .

As a r e s u l t  o f  t h i s  i n v e s t i g a t i o n  i t  has been shown t h a t  

f a r m e r ' s  lung is  a s p e c i f i c  r e s p i r a t o r y  d isease  o f  a d u l t  c a t t l e .  I t

has a l s o  been e s t a b l i s h e d  t h a t  f a r m e r ' s  lung i s  the  most common

r e s p i r a t o r y  d isease  o f  housed a d u l t  c a t t l e  in B r i t a i n .
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ABBREVIATIONS

A P P E N D I X  I

In Append ix  ! t he  f o l l o w i n g  a b b r e v i a t i o n s  have been used

re g a r d in g  the  i n d i v i d u a l  f a r m e r ' s  c l i n i c a l  r e a c t i o n  a f t e r  w o rk in g  w i t h

mouldy hay:  NR ■= no r e a c t i o n ,  PR -  p o s i t i v e  c l i n i c a l  r e a c t i o n ,

FL = f a r m e r ' s  lu n g ,  OD = o t h e r  r e s p i r a t o r y  d i s o r d e r .

CLINICAL TERMS

(1) P re s en t in g  s ig n s

The p r e s e n t in g  s ign s  i n c l u d e  the  c l i n i c a l  a b n o r m a l i t i e s  

d e te c te d  on the  farm a t  t h e  f i r s t  v e t e r i n a r y  c l i n i c a l  e x am ina t io n  

and a l s o  the  f a r m e r ' s  reasons f o r  seek ing  v e t e r i n a r y  a d v i c e ,

(2) R e s p i r a t o r y  r a t e

The. r e s t i n g  r e s p i r a t o r y  r a t e  o f  a h e a l t h y  a d u l t  bov ine  

animal  in  a cool  env i ronm en t  is  less  than  30 r e s p i r a t i o n s  per  

m in u te .  Tachypnoea was co n s id e re d  t o  be p re s e n t  when th e  

r e s t i n g  r e s p i r a t o r y  r a t e  was equal t o  o r  g r e a t e r  than 30 

r e s p i r a t i o n s  per  m in u te .

(3) Resp i  i -a to ry  dep th

Dur ing  th e  r e s p i r a t o r y  c y c l e  in a h e a l t h y  a d u l t  bov ine

a n i m a l ,  the  movement o f  t h e  abdominal  muscles on the  r i g h t  s id e
i

i s  amost im p e r c e p t i b l e .  Hyperpnoea was c o ns id e re d  t o  be p re s en t  

when i t  was o bv iou s  t h a t  th e  abdominal  muscles were be ing  used a t  

r e s t  to  a s s i s t  r e s p i r a t i o n .  An im a ls  were c o n s ide re d  t o  be 

s l i g h t l y  h yp e rp n oe ic  when t h e i r  abdominal  r e s p i r a t o r y  e f f o r t  was 

j u s t  n o t i c e a b l e ,  to  be m o d e ra te ly  hype rp noe ic  when t h e r e  was an 

obv ious  in c re ase  in t h e i r  abdominal  e f f o r t  and t o  be g r o s s l y  

h ype rp n o e ic  when a marked abdominal  e f f o r t  was in v o lv e d  and the  

i n d i v i d u a l  was seen to  ro c k  a n t e r o - p o s t e r i o r l y  w h i l e  b r e a t h i n g .

(4) Dyspnoea

The presence o f  r e s p i r a t o r y  d i s t r e s s  in c a t t l e  can o n l y  be 

assessed o b j e c t i v e l y .  An animal  w i t h  a marked abdominal  

r e s p i r a t o r y  e f f o r t  and r e s p i r a t i o n s  t h a t  c o u ld  be heard w i t h o u t  

the  use o f  a s te th o s c o p e  was c o n s ide re d  t o  be d yspn o e ic .  When 

an i n d i v i d u a l  was seen t o  be m o u th -b re a th in g  w i t h  i t s  tongue 

p r o t r u d i n g  and was heard t o  be g r u n t i n g  on e x p i r a t i o n ,  i t  was
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c o n s id e re d  t o  be s e v e r e l y  d y spn oe ic .

(5) A u s c u l t a t  ion

The bounda r ies  o f  the  area o f  pulmonary a u s c u l t a t i o n  extend  

f rom th e  p o i n t  o f  the  e lbow d o r s a l l y  t o  the  p o s t e r i o r  t i p  o f  

the  scapu la  then p o s t e r i o r l y  t o  the e le v e n th  i n t e r - c o s t a l  space 

and f i n a l l y  a n t e r o - v e n t r a l 1 y t o  the  p o i n t  o f  the  e lbow.

(6) A d v e n t i t i o u s  lung sounds

Two main types  o f  a d v e n t i t i o u s  sounds a re  recogn ised  in  

c a t t l e  w i t h  pulmonary d i s e a s e ;  c r a c k le s  wh ich  te rm is  s e l f -  

e x p l a n a to r y  and rhonch i  wh ich  in c lu d e  both low and h ig h  p i t c h e d  

squeaks .

(7) P y re x ia

The normal r e c t a l  tem pe ra tu re  range in  a d u l t  c a t t l e  is  

f rom 1 0 0 .5^F t o  1Q2.5°F and an animal  was co n s id e re d  t o  be 

p y r e x i c  when i t s  r e c t a l  t e m pe ra tu re  was equal t o  o r  g r e a t e r  than 

103°F.

NOMENCLATURE

Corbaz and o th e r s  (1963) found t h a t  Thermopo lyspora  p o lyspo ra  

and Micromonospora v u l g a r i s  were th e  commonest sp ec ies  o f  

t h e r m o p h i l i c  a c t i n o m y c e te  in mouldy hay a s s o c ia te d  w i t h  f a r m e r ' s  lung 

d i s e a s e .  However,  Thermopo lyspora  p o lyspo ra  Henssen (1957) had 

been i n c o r r e c t l y  i d e n t i f i e d  and i t  has s in c e  been d e s c r ib e d  as a new 

s p e c i e s ,  M! c r o p o ly s p o r a  fa e n i  C ross ,  M c lv e r  and Lacey (1968).

Micromonospora v u l g a r i s  Waksman, Umbre î t  and Cordon (1939) and 

Thermoact Inomyces v u l g a r i s  T s i k l  in s k y  (1899) were found t o  be the  

same organ ism (144) and the  l a t t e r  name is  p r e f e r r e d  (7 8 ) .  The 

names M. f a e n i  and T.  v u l g a r i s  have been used t h ro u g h o u t  the  f o l l o w i n g  

d i s c u s s i o n s .

REFERENCES

In th e  re fe r e n c e  s e c t i o n ,  the  c o n t r a c t i o n s  f o r  the  v a r i o u s  

j o u r n a l s  quoted  a re  those  g ive n  in the  Wor ld L i s t  o f  S c i e n t i f i c  

P e r i o d i c a l s ,  p u b l i s h e d  by B u t t e r w o r t h s , London.

STATISTICAL METHODS

The s t a t i s t i c a l  methods used were the  c h i - s q u a r e d  t e s t ,
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" S t u d e n t ' s "  t  t e s t  and the  c o e f f i c i e n t  o f  c o r r e l a t i o n .  The 

c a l c u l a t i o n s  were c a r r i e d  o u t  on an " O l i v e t t i  programma 101" desk 

computer  ( B r i t i s h  O l i v e t t i  L t d . ,  B e r k le y  Square,  London ) ,  Un less  

o th e r w i s e  s t a t e d ,  when a d i f f e r e n c e  Is d e s c r ib e d  as " s i g n i f i c a n t "  (S) 

t h i s  i m p l i e s  t h a t  the  p r o b a b i l i t y  o f  i t s  r e s u l t i n g  f rom chance is  le ss  

than  5 per  c e n t  (p <  0 . 0 5 ) .  When a d i f f e r e n c e  is  d e s c r ib e d  as 

" h i g h l y  s i g n i f i c a n t "  (HS) t h i s  i m p l i e s  t h a t  th e  p r o b a b i l i t y  o f  I t s  

r e s u l t i n g  f rom chance is  l e s s  than  1 per  ce n t  (p < 0 . 0 1 ) .  When a 

d i f f e r e n c e  is  d e s c r ib e d  as " v e r y  h i g h l y  s i g n i f i c a n t "  (VMS) t h i s  

i m p l i e s  t h a t  the  p r o b a b i l i t y  o f  i t s  r e s u l t i n g  f rom chance is  le ss  

than  0.1 per  c e n t  (p <  0 .0 0 1 ) .
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INTRODUCTION

The term " f o g  f e v e r "  was o r i g i n a l l y  used t o  d e s c r ib e  an a c u te  

r e s p i r a t o r y  syndrome wh ic h  a f f e c t e d  a d u l t  c a t t l e  u s u a l l y  w h i l e  they 

.were g r a z in g  fog  o r  a f t e r m a t h  p a s tu re s  in the  autumn (18,  44 ,  141, 150, 

162, 221 ) .  However, w i t h i n  the  l a s t  30 y e a r s ,  the  term has been used 

i n d i s c r i m i n a t e l y  t o  d e s c r i b e  sudden onse t  r e s p i r a t o r y  d i s t r e s s  in 

c a lv e s  as w e l l  as in a d u l t  c a t t l e  and in housed as w e l l  as g r a z in g  

an im a ls  (63,  132, 161, 167, 188) .  In one r e p o r t  (132) an un d e f in e d

r e s p i r a t o r y  d i s o r d e r  named " I n d o o r  fog  f e v e r "  wh ich  developed f o l l o w i n g  

exposure  t o  mouldy hay dus t  was compared w i t h  the  human d is e a s e ,  

f a r m e r ' s  lung .  In t h a t  r e p o r t  the  su gg e s t ion  was made t h a t  t h e r e  

cou ld  be a f a r m e r ' s  l u n g - l i k e  r e s p i r a t o r y  d i s o r d e r  o f  c a t t l e  s in c e  the  

p re va len ce  o f  p r e c i p i t a t i n g  a n t i b o d i e s  to  M. f a e n i  in  h a y - fe d  c a t t l e  

was much h ig h e r  in those  w i t h  " i n d o o r  fog  f e v e r "  than  in  o th e r s  f r e e  

f rom r e s p i r a t o r y  d is e a s e .  That  t h e r e  was a bov ine  r e s p i r a t o r y  d ise ase  

ve ry  s i m i l a r  t o  f a r m e r ' s  lung was proved d u r in g  a c l  i n i c o - p a t h o l o g i c a 1 

i n v e s t i g a t i o n  o f  a c u te  r e s p i r a t o r y  d isease  in a d u l t  c a t t l e  begun a t  

the  Glasgow V e t e r i n a r y  School in 1969 (207) .

The aims o f  the  i n v e s t i g a t i o n s  unde r taken  f o r  t h i s  t h e s i s  

were f o u r - f o l d ;  t o  d e f i n e  the  c l i n i c a l  and e p i d e m io lo g i c a l  a spe c ts  o f  

f a r m e r ' s  lung  in c a t t l e ,  t o  i n v e s t i g a t e  the  p re v a le n c e  and s i g n i f i c a n c e  

o f  p r e c i p i t a t i n g  a n t i b o d i e s  t o  M. f a e n i  in  a d u l t  c a t t l e  p o p u la t i o n s  

in  a reas  where f a r m e r ' s  lung had been c o n f i r m e d ,  t o  s tudy  the  c r i t e r i a  

on wh ich  a d ia g n o s i s  o f  f a r m e r ' s  lung cou ld  be made and t o  rep ro duce ,  

under c o n t r o l l e d  c o n d i t i o n s ,  f a r m e r ' s  lung in  c a t t l e .

As a r e s u l t  o f  t h i s  wo rk ,  i t  has been e s t a b l i s h e d  t h a t  

f a r m e r ' s  lung  is  a r e s p i r a t o r y  d isease  o f  housed a d u l t  c a t t l e  being  

kep t  in the  m a in l y  up land  a reas  o f  w es te rn  B r i t a i n .  C l i n i c a l  s ig ns  

a r e  u s u a l l y  f i r s t  n o t i c e d  d u r i n g  th e  w i n t e r  hous ing  p e r io d  and they  

a re  the  r e s u l t  o f  t h e  c a t t l e  r e g u l a r l y  i n h a l i n g  the dus t  o f  mouldy 

hay.  C o nsequen t ly ,  i t  has been proven t h a t  bov ine  f a r m e r ' s  lung 

i s  d i f f e r e n t  e p i d e m i o l o g i c a l l y  (2 3 6 ) ,  s e r o l o g i c a l l y  (205) and 

p a t h o l o g i c a l l y  (207,  291) f rom fog  f e v e r  (204,  2 36 ) ,  the  a cu te  

pulmonary d i s o r d e r  w i t h  wh ich  I t  v/as o r i g i n a l l y  con fused .
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SECTION I

REVIEW OF THE L ITERATURE ON RESPIRATORY DISEASE IN

ADULT CATTLE

The e a r l i e s t  B r i t i s h  re fe r e n c e s  t o  bov ine  r e s p i r a t o r y  

d ise ase  were in e le v e n th  c e n tu r y  m a n usc r ip ts  in  wh ich  i t  was s ta te d  

t h a t  lung d i s o r d e r s  were common in c a t t l e  (243) .  The c a t t l e  p lagues 

wh ich  appeared a t  r e g u la r  i n t e r v a l s  d u r i n g  the  m id d le  ages were not  

d e s c r ib e d  In any d e t a i l  a l t h o u g h  " 1 ongsought- ' ,  as i t  was c a l l e d  by 

F i t z h e r b e r t  (1523),  was l i k e l y  t o  have been c o n ta g iou s  p leuropneumonia 

(243) .  These d is eases  had been In t rod u ce d  w i t h  c a t t l e  imported  f rom 

the  c o n t i n e n t  o f  Europe but  they  d id  not  spread n a t i o n w id e  because o f  

the  smal l  numbers and th e  ve ry  l i m i t e d  movement o f  l i v e s t o c k  w i t h i n  

B r i t a i n  a t  t h a t  t im e .

As a r e s u l t  o f  the  i n d u s t r i a l  R e v o lu t i o n ,  wh ich  began in the  

e a r l y  e i g h t e e n t h  c e n t u r y ,  many peop le  l e f t  a g r i c u l t u r e  to  work in the  

new i n d u s t r i a l  a reas  and t h i s  led  t o  a r a p id  in c re ase  in  the  t o t a l  

p o p u l a t i o n .  I t  i s  d o u b t f u l  whe the r the  momentum o f  the  i n d u s t r i a l  

R e v o lu t i o n  c o u ld  have been m a in ta in e d  had not  an A g r i c u l t u r a l  

R e v o lu t i o n  taken p la ce  a t  t h e  same t im e .  In essence,  a g r i c u l t u r e  

changed f rom be ing  a s u b s i s te n c e  economy to  the  p r o d u c t i o n  o f  " c a s h "  

c rops  (179) .  The e n c lo s u re  o f  common g ra z in g  lands enab led new 

methods o f  c rop  husbandry t o  be i n t r o d u c e d  and t h i s ,  t o g e t h e r  w i t h  

the  use o f  new fod d e r  c rops such as c l o v e r  and t u r n i p s  wh ich  had been 

Impor ted  f rom the  N e th e r la n d s  (1 79 ) ,  meant t h a t  l a r g e  numbers o f  c a t t l e  

c o u ld  be housed and fed  t h ro u g h o u t  the  w i n t e r  i n s te a d  o f  hav ing  t o  be 

s la u g h te r e d  in the  autumn.

In the  f i r s t  book w r i t t e n  in  Eng l i sh  t h a t  d e a l t  o n l y  w i t h  

d ise ase s  o f  c a t t l e ,  Topham (1788) s t a t e d  t h a t ,  a l t h o u g h  in f la m m a t io n  

o f  the  lung was not  w e l l  u n d e rs to o d ,  severa l  d i f f e r e n t  types had been 

d e s c r ib e d .  The common c l i n i c a l  s ig ns  were "co u g h in g  w i t h  s h o r t ,  

d i f f i c u l t  b r e a t h i n g  and f e v e r " .  He a l s o  re p o r te d  t h a t  a n im a ls  In good 

c o n d i t i o n  cou ld  deve lo p  s ig ns  o f  r e s p i r a t o r y  d isease  ve ry  q u i c k l y  when 

g r a z in g  lush  c l o v e r  or  foggage.

Dur ing  the  se ven teen th  and e ig h t e e n t h  c e n t u r i e s  t h e re  was 

an inc reased  movement o f  c a t t l e  th ro u g h o u t  Europe,  p a r t i c u l a r l y  as a 

r e s u l t  o f  the  numerous w a rs ,  and t h i s  was r e s p o n s ib l e  f o r  the



d i s s e m in a t i o n  o f  many l o c a l  d isease  problems, An ima ls  imported  f rom 

H o l la n d  i n t o  the  n o r t h - e a s t  o f  England not  o n l y  gave the  lo c a l  

Teeswater  ( l a t e r  D a i r y  S ho r th o rn )  breed an inc reased  g e n e t i c  p o t e n t i a l  

t o  produce m i l k  but  i t  has been a l l e g e d  t h a t  they  a l s o  in t ro d u c e d  

bov ine  t u b e r c u l o s i s  (8 5 ) .  T h i s  c o n d i t i o n  was su bseq ue n t l y  spread 

th r o u g h o u t  England because th e  D a i r y  S h o r th o rn  breed became the  most 

p op u la r  in the  l a r g e  number o f  town d a i r i e s  wh ich  sprung up in  the 

l a t t e r  h a l f  o f  the  e i g h t e e n t h  c e n tu r y  (241) .  S k e l l e t  (1807) 

commented t h a t  " con sum pt io n  (cough o f  long s ta n d in g )  i s  seldom seen in  

the  c o u n t r y ,  bu t  is  c o n f i n e d  more t o  cows t h a t  a re  kep t  t o  the  s t a l l  

i n  towns He d e s c r ib e d  a n o the r  c h r o n i c  r e s p i r a t o r y  d isease

(asthma) t h a t  was c h a r a c t e r i s e d  by wheezing and dyspnoea and wh ich  was 

s a id  t o  be " p e c u l i a r  t o  cows f e e d in g  on g r a i n s " .  T h i s  c o n d i t i o n  d id  

no t  appear  t o  have an adve rse  e f f e c t  on the  genera l  h e a l t h  o f  a f f e c t e d  

a n im a l s .

Knowlson (1834) ,  who was a v e t e r i n a r y  p r a c t i t i o n e r  in  

Y o r k s h i r e ,  was the  f i r s t  t o  use the  term fog  f e v e r  t o  d e s c r ib e  

s p e c i f i c a l l y  the  dyspnoea wh ich  a f f e c t e d  a d u l t  c a t t l e  a f t e r  they  had 

been moved o n to  foggage in  t h e  autumn. A f f e c t e d  an im a ls  o n l y  coughed 

o c c a s i o n a l l y  whereas t h e r e  was f r e q u e n t  cough ing and w e ig h t  lo ss  w i t h  

the  o th e r  two r e s p i r a t o r y  c o n d i t i o n s  he d e s c r ib e d .  I n f la m m a t io n  by 

c o ld  (a hoose) was the  more severe  d isease  and a f f e c t e d  a n im a ls  were 

d u l l  w i t h  p y r e x i a ,  tachypnoea and o f t e n  dyspnoea. Cows w i t h  "as thma"  

were s a id  t o  be s h o r t  o f  b r e a t h ,  p a r t i c u l a r l y  in the  s p r i n g  and autumn, 

bu t  they  u s u a l l y  remained b r i g h t  w i t h  a normal t e m p e ra tu re .

In a most i n f o r m a t i v e  t e x t  on B r i t i s h  c a t t l e  and t h e i r  

d i s e a s e s ,  Y o u a t t  (1858) s t a t e d  t h a t  a cu te  e p ide m ic ,  o r  gangrenous,  

pneumonia was a common d isease  in wh ich  a f f e c t e d  an im a ls  were ve ry  d u l l  

and u s u a l l y  d ie d  w i t h i n  48 hours  o f  t h e i r  becoming i l l .  Y ou a t t  

a p p r e c ia t e d  t h a t  d ise ase  was a dynamic and p r o g r e s s i v e  process f o r  he 

co n s id e re d  t h a t  c a t a r r h  (hoose), wh ich  a rose  le ss  than  two weeks a f t e r  

a change o f  management o r  e nv i ron m e n ta l  t e m p e r a tu r e , c o u ld  deve lo p  i n t o  

b r o n c h i t i s  ( i n f l a m m a t io n  o f  the  subs tance  o f  the  l u n g ) .  T h i s  was a 

more severe c o n d i t i o n  a f t e r  wh ich  t h e r e  o f t e n  developed a c h r o n i c  lung 

d i s o r d e r  w i t h  w a s t i n g  c a l l e d  p h t h i s i s  o r  consumpt ion .  A l th o u g h  

p h t h i s i s  was regarded as an "e n d - s ta g e  lu n g "  and no t  as a s p e c i f i c  

d i s e a s e ,  l e s i o n s  i d e n t i c a l  t o  those  o f  pulmonary t u b e r c u l o s i s  were 

f r e q u e n t l y  p r e s e n t .  Y o u a t t  (1858) was p ro b a b ly  the  f i r s t  t o  w r i t e  

abou t  d i f f e r e n t i a l  d ia g n o s i s  based on the  i n t e r p r e t a t i o n  o f  c l i n i c a l



f i n d i n g s  when he suggested t h a t  i n d i v i d u a l  r e s p i r a t o r y  d iseases  cou ld  

be d i f f e r e n t i a t e d  depend ing  on the  c h a r a c t e r  and f requency  o f  the  

cough ing  and on th e  presence or absence o f  t h o r a c i c  p a in .

The r e s p i r a t o r y  d ise ase  p i c t u r e  p r i o r  t o  the  i n t r o d u c t i o n  

o f  c o n ta g io u s  p leuropneumonia  around 1840 was t h a t  i n f e c t i o u s  

pneumonias were p r e v a l e n t  and th e  v a r i a t i o n s  in  c l i n i c a l  s e v e r i t y  may 

have been due t o  the  e f f e c t s  o f  d i f f e r e n t  a e t i o l o g l c a l  a g e n ts .  Fog 

f e v e r  had been re c o gn ised  a l t h o u g h  p a r a s i t i c  b r o n c h i t i s  had o n l y  been 

r e p o r t e d  in c a t t l e  le s s  than one y e a r  o l d  (180) .  Consumption was 

v e ry  common but  was c o n s id e re d  t o  be the  f i n a l  s tage  o f  many r e s p i r a 

t o r y  c o n d i t i o n s .

Im m ed ia te ly  a f t e r  r e s t r i c t i o n s  t o  the  i m p o r t a t i o n  o f  c a t t l e  

were removed in  1B4o, c o n ta g io u s  p leuropneumonia  was imported 

s im u l t a n e o u s l y  f rom H o l la n d  and f rom I r e l a n d  so t h a t  by 1842, t h i s  

d ise ase  was v e ry  common p a r t i c u l a r l y  in  the  London town d a i r i e s  (170) .  

The c l i n i c a l  and p a t h o l o g i c a l  f e a t u r e s  o f  " t h e  p re s en t  p leuropneumonia 

e p i z o o t i c  among c a t t l e "  were r e p o r te d  in  d e t a i l  f o r  the  f i r s t  t im e  in 

E n g l i s h  by Bar low (1842;  1843).  Gamjee (1861) ,  who was the  main 

v e t e r i n a r y  p r o t a g o n i s t  o f  th e  germ th e o r y  o f  d i s e a s e ,  n o t i c e d  t h a t  

c o n ta g io u s  (ep idem ic )  p leuropneumonia  o n l y  appeared on farms where 

c a t t l e  had been b o u g h t - i n .  T h i s  was in  c o n t r a s t  t o  s p o r a d ic  p l e u r o 

pneumonia wh ich  was a r e l a t i v e l y  common d ise ase  in  s e l f - c o n t a i n e d  

herds  and wh ich  looked s i m i l a r  t o  c o n ta g io u s  p leuropneumonia a t  

nec ropsy .  However, th e  two c o n d i t i o n s  co u ld  be d i f f e r e n t i a t e d  

c l i n i c a l l y .  In t h e  s p o r a d ic  fo rm ,  t h e r e  was sudden onse t  a n o r e x i a ,  

a g a l a c t i a  and p y r e x ia  w i t h  tachypnoea and min imal  coug h ing .  On the  

o th e r  hand,  ep idem ic  p leuropneumonia  developed more s l o w l y  and the  

c l i n i c a l  s ig ns  wh ic h  in c lu d e d  co u g h in g ,  depressed a p p e t i t e ,  tachypnoea 

and reduced m i l k  y i e l d ,  became p r o g r e s s i v e l y  more severe .  C a t t l e  

were u s u a l l y  s a id  to  re cove r  f rom s p o r a d ic  p leuropneumonia w i t h i n  ten  

days whereas the  ep idem ic  form was i n v a r i a b l y  f a t a l .

Lung abscesses ,  wh ich  were o f t e n  found in c h r o n i c  w a s t i n g  

an im a ls  w i t h  h a l i t o s i s ,  were reco gn ised  as being  one o f  the  seque ls  o f  

b r o n c h i t i s  and o f  pneumonia ( 32) .  A l t h o u g h  he r e p o r te d  t h a t  lung 

worms c o u ld  be a s s o c i a t e d  w i t h  r e s p i r a t o r y  d isease  in a d u l t  c a t t l e ,  

Gamjee (1861) c o n s id e re d  t u b e r c u l o s i s  t o  be s im p ly  a c o m p l i c a t i o n  o f  

c o n ta g io u s  p leuropneumonia  t h a t  c o u ld  be seen a t  nec ropsy .

a



Dobson ( 1872) d e s c r ib e d  a c o n d i t i o n ,  c h r o n i c  b r o n c h i t i s ,  

wh ich  o th e r  v e t e r i n a r y  p r a c t i t i o n e r s  c a l l e d  " p h t h i s i s  p u lm o n a l i s  o r  

consumpt ion  . . .  because o f  i t s  s i m i l a r i t y  t o  the human c o n d i t i o n  o f  

the  same name". T h is  was a c h r o n i c ,  p r o g r e s s i v e ,  c o ug h in g ,  w a s t i n g  

and low m i l k  y i e l d  syndrome in  wh ich  t u b e r c u le s  and abscesses were 

o f t e n  found a t  n ec rop sy .  On the  o th e r  hand,  W i l l i a m s  (1884) b e l i e v e d  

t h a t  p h t h i s i s  was no t  o n l y  r a re  and h e r e d i t a r y  in  c a t t l e ,  bu t  a l s o  t h a t  

i t  was e n t i r e l y  d i f f e r e n t  f rom human pulmonary t u b e r c u l o s i s .  The 

t u b e r c u l e s  found in bov ine  lungs  he c o ns id e re d  t o  be the  r e s u l t  o f  any 

r e s p i r a t o r y  i n f e c t i o n ,  A f r e q u e n t  cause o f  cough ing  and w a s t i n g  was 

c o n s id e re d  t o  be c h r o n i c  b r o n c h i t i s ,  bu t  W i l l i a m s  (1884) gave no 

i n d i c a t i o n  o f  how t h i s  d is e a s e  d i f f e r e d  f rom p h t h i s i s .  P a r a d o x i c a l l y ,  

he suggested t h a t  t u b e r c u l o s i s  in  c a t t l e  be made n o t i f i a b l e  because o f  

the  danger t o  c h i l d r e n  who d rank  m i l k  f rom " p i n i n g "  cows.

The c l i n i c a l  s ig n s  o f  pneumonia w i t h  p l e u r i s y ,  wh ich  was 

co n s id e re d  t o  be the  most common ch es t  d i s e a s e ,  were p y r e x i a ,  

tachypnoea,  d u l l n e s s  and r i g o r s  w i t h  b r e a th in g  wh ich  became more 

d i s t r e s s e d ,  abdominal  and p a i n f u l  as the  p l e u r i s y  deve loped  (288) .  

N e w ly - c a lv e d  cows sudden ly  exposed t o  c o l d ,  wet wea the r  were s a id  t o  

be p a r t i c u l a r l y  s u s c e p t i b l e  t o  t h i s  c o n d i t i o n .  L i k e  Dobson (1872),  

W i l l i a m s  (1884) was o f  the  o p i n i o n  t h a t  b r o n c h i t i s  r a r e l y  o c c u r re d  by 

i t s e l f  but  was u s u a l l y  accompanied by a degree o f  pneumonia.  The 

c l i n i c a l  s ig n s  were d u l l n e s s ,  l i s t l e s s n e s s ,  a paroxysmal  cough and a 

r e s p i r a t o r y  r a t e  equal t o  o r  g r e a t e r  than th e  p u lse  r a t e .  A t  n ec rop sy ,  

the  l a r g e  and smal l  b ronch i  were found t o  be f u l l  o f  t h i c k ,  y e l l o w  

f l u i d  and ,  when th e  c u t  s u r f a c e  o f  the  lung was squeezed,  smal l  y e l l o w  

p e l l e t s  co u ld  be e xp ressed .

When s t o r e  c a t t l e  im por ted  f rom N o r th  Amer ica in  1879 were 

s l a u g h te r e d  on a r r i v a l  in  B r i t a i n  because they  were sa id  t o  be a f f e c t e d  

w i t h  c o n ta g io u s  p le u ropneum on ia ,  o n l y  W i l l i a m s  (1892) o f  the  recogn ise d  

v e t e r i n a r y  e x p e r t s  d isa g re e d  w i t h  the  Board o f  A g r i c u l t u r e  

v e t e r i n a r y  i n s p e c t o r s .  He s t a t e d  t h a t  the  Amer ican  c a t t l e  were 

a f f e c t e d  w i t h  a d i f f e r e n t  c o n d i t i o n  which  he c a l l e d  " c a t a r r h a l  

b ronchopneumon ia " .  H i s t o r y  repea ted  i t s e l f  in 1891 bu t  t h i s  t im e  

W i l l i a m s '  o p i n i o n  was s u ppo r ted  by Nocard ( I 892) who had h i m s e l f  been 

i n v e s t i g a t i n g  a r e s p i r a t o r y  d is e a s e  in  Amer ican c a t t l e  landed in  P a r i s ,  

Nocard (1892) was o f  the  o p i n i o n  t h a t  the  E n g l i s h  and French c o n d i t i o n s  

were v i r t u a l l y  th e  same. However, the  Board o f  A g r i c u l t u r e ,  re fused  

t o  a dm i t  t h a t  t h e i r  r e p r e s e n t a t i v e s  had e r re d  (7) a l t h o u g h  they  d i d

5



acknowledge t h a t  c o n ta g io u s  p ieuropneumonia  and " t h e  Amer i can lung 

d i s e a s e " ,  as i t  became known, were d i f f e r e n t  d isease  e n t i t i e s .

R in d e rp e s t  was imported  I n t o  B r i t a i n  in  1865 (170) and one 

unexpec ted b e n e f i t  o f  the  subsequent  e r a d i c a t i o n  campaign was the  

marked decrease in  the  i n c id e n c e  o f  c o n ta g io u s  p leuropneumonia .  T h is  

was a lm os t  w h o l l y  due t o  t h e  severe  r e s t r i c t i o n s  on c a t t l e  movement 

t h a t  were s t r i c t l y  e n fo r c e d .  Con tag ious  p leuropneumonia became a 

n o t i f i a b l e  d isease  in  1870’ and,  w i t h i n  a few years  o f  the  imp lementa 

t i o n  o f  a n a t i o n a l  e r a d i c a t i o n  p o l i c y ,  the c o n d i t i o n  was b rough t  

q u i c k l y  under c o n t r o l .  The l a s t  case was s la u g h te r e d  in 1898 and 

d u r i n g  the  f i n a l  t h r e e  ye a rs  o f  the  e r a d i c a t i o n  campaign,  the  few 

c o n f i rm e d  cases o c c u r re d  in the  London town d a i r i e s  where the d ise ase  

had been so p r e v a le n t  f o r  so long  ( I 70) .

The v e t e r i n a r y  i n s p e c t o r s  who examined the  carcases  o f  

c a t t l e  s la u g h te r e d  under the  Animal  Disease (Pleuropneumonia)  A c t ,

IB 90 , r e p o r te d  t h a t  t h e  p re v a le n c e  o f  pulmonary t u b e r c u l o s i s  ranged 

f rom 12 to  20 per c e n t  (85) .  In v i r t u a l l y  a l l  the  herds t h a t  he had 

s l a u g h te r e d  o u t ,  McCall  ( I 89 I )  had found more a n im a ls  a f f e c t e d  w i t h  

t u b e r c u l o s i s  than w i t h  c o n ta g io u s  p leuropneumonia .  In one m i l k i n g  

h e r d ,  83 per ce n t  o f  the  cows had macroscop ic  ev id ence  o f  t u b e r c u l o s i s  

a t  necropsy  (3 ) .  Indeed,  McCall  ( I 889) had a l r e a d y  suggested t h a t ,  

as p leuropneumonia d i d  no t  a f f e c t  man, p u b l i c  h e a l t h  would b e n e f i t  more 

f rom the  s l a u g h t e r  and condemnat ion  o f  an im a ls  a f f e c t e d  w i t h  t u b e r 

c u l o s i s .  The p re va le n ce  and hence the  importance  o f  bov ine  t u b e r 

c u l o s i s  had been c o m p le te l y  u n d e r -e s t im a te d  because a l l  a n im a ls  w i t h  

c h r o n i c  lung d ise ase  were c o n s id e re d  t o  be s u f f e r i n g  f rom " p i  e u r o "

(288) and the  t u b e r c u le s  seen so f r e q u e n t l y  a t  n ec rop sy ,  were tho u gh t  

t o  r e s u l t  f rom any r e s p i r a t o r y  i n f e c t i o n  and were t h e r e f o r e  not  

a s s o c i a t e d  w i t h  one s p e c i f i c  i n f e c t i o u s  a g e n t .

The s u g g e s t i o n  t h a t  human and bov ine  t u b e r c u l o s i s  were the  

same d isease  (249) had been accep ted  g e n e r a l l y  by the  end o f  the 

n in e te e n th  c e n t u r y .  From h i s  o b s e r v a t i o n s  o f  t u b e r c u l o s i s  in 

s o l d i e r s  and in  P a r i s i a n  d a i r y  cows, V i l l e m i n  (1868) conc luded t h a t  

i n h a l a t i o n  and not  i n g e s t i o n  was p ro b a b ly  t h e  most im p o r ta n t  ro u te  o f  

i n f e c t i o n  in a d u l t s .  T h is  c o n c l u s i o n  was suppo r ted  by Fleming (1874) 

and by MacFadyean ( I 898) who a l s o  re p o r te d  t h a t  the t u b e rc u lo u s  

l e s i o n s  were c o n f in e d  t o  the  t h o r a c i c  c a v i t y  In 64 per cen t  o f  bov ine  

cases.  The im portance  o f  the  ae roso l  r o u te  o f  i n f e c t i o n  was c o n f i rm ed



e x p e r i m e n t a l l y  by Chausse (1913) who a l s o  demonst ra ted  t h a t  

pulmonary  t u b e r c u l o s i s  in  c a t t l e  was v i r t u a l l y  a lways  "o p e n " .

A l t h o u g h  the  m o r t a l i t y  r a t e  f rom t u b e r c u l o s i s  in  man has 

decreased s t e a d i l y  s in c e  th e  b e g in n in g  o f  the  n in e t e e n t h  c e n tu r y  (52) ,  

these  f i g u r e s  f a i l e d  t o  show t h a t ,  a round the  b e g in n in g  o f  the  

t w e n t i e t h  c e n t u r y ,  t u b e r c u l o s i s  was r e s p o n s ib l e  f o r  about  40 per cent  

o f  the  deaths  in young c h i l d r e n  s u b je c te d  to  d e t a i l e d  pos t -m or tem 

exa m in a t io n  (227, 228 ) .  These  c h i l d r e n  had become i n f e c t e d  as a 

r e s u l t  o f  d r i n k i n g  m i l k  f rom cows w i t h  t u b e r c u l o s i s  o f  the  udder.  

C o nsequen t ly ,  a case f o r  the  s t a t e  c o n t r o l  o f  t u b e r c u l o s i s  in c a t t l e  

was promoted a lm os t  w h o l l y  f rom the  p u b l i c  h e a l t h  aspec t  as t h i s  

d ise a se  was co ns ide re d  t o  be the  g r e a t e s t  s i n g l e  cause o f  m o r t a l i t y  in 

man (12 6 ) ,  many o f  whom had become i n f e c t e d  th roug h  d r i n k i n g  m i l k  f rom 

d iseased c a t t l e .  As a r e s u l t  o f  the  f o u r t h  government e n q u i r y  i n t o  

b ov ine  t u b e r c u l o s i s  wh ich  e s t a b l i s h e d  beyond a l l  doubt  t h a t  

Mycobacter iurn tub e rcu  1 os 1s v a r .  b ov is  d id  a f f e c t  man and c a t t l e ,  an 

Order making t u b e r c u l o s i s  o f  c a t t l e  a schedu led d isease  came i n t o  

e f f e c t  in  1913 (170) ,  However, pulmonary t u b e r c u l o s i s  was exc luded  

f rom the  l e g i s l a t i o n  because t h i s  form o f  the  d ise ase  was c o ns ide re d  

t o  be ve ry  d i f f i c u l t  t o  d iagnose  (122) .  Hence a 20 year  p e r io d  in 

wh ich  the  bov ine  v e t e r i n a r y  l i t e r a t u r e  was dom ina ted ,  and sometimes 

a lm o s t  overwhelmed, w i t h  d i s c u s s i o n s ,  o p in io n s  and r e p o r t s  o f  

t u b e r c u l o s i s  f i n i s h e d  w i t h  the  pass ing  o f  government l e g i s l a t i o n .

The t o p i c a l  n a tu re  o f  bov ine  t u b e r c u l o s i s  p ro ba b ly  

c o n t r i b u t e d  In no smal l  way to  the  awakening o f  i n t e r e s t  in  c a t t l e  

d is eases  and the advances t h a t  had been made d u r i n g  the  p re v io u s  20 

ye a rs  were b ro ugh t  t o g e t h e r  in  H o a re 's  comprehensive  t e x t  on 

v e t e r i n a r y  m ed ic in e  (1 20 ) .  T he re ,  i t  was s t a t e d  t h a t  the  most 

common a cu te  pulmonary d ise a se  was a s p i r a t i o n  broncho-pneumonI a and 

the  c l i n i c a l  s i g n s ,  wh ich  were u s u a l l y  seve re ,  in c lu de d  a n o r e x ia ,  

p y r e x ia  and dyspnoea (121) .  A l t h o u g h  v a r io u s  b a c t e r i a  had been 

i s o l a t e d  f rom the  lung l e s i o n s ,  i t  was no t  known whe the r  any c o u ld  be 

regarded as s p e c i f i c  a e t i o l o g l c a l  a g e n ts .  Two o t h e r  r e l a t i v e l y  

uncommon a c u te  c o n d i t i o n s  were a l s o  men t ioned ;  croupous pneumonia In 

wh ich  the  p a t h o l o g i c a l  l e s i o n s  were s i m i l a r  t o  those  o f  c o n ta g io u s  

p leuropneumonia and pulmonary emphysema w h ic h ,  I t  was a l l e g e d ,  cou ld  

deve lo p  f o l l o w i n g  t u b e r c u l o s i s ,  b roncho-pneumon la , v i o l e n t  e x e r t i o n s  

and p unc tu re  wounds in  the  t h o r a x .  A s p e c i f i c  re f e r e n c e  was a l s o  

made t o  a v e t e r i n a r y  p r a c t i o n e r  f rom York who, in  common w i t h  a few



o t h e r s ,  had r e p o r te d  seve ra l  cases o f  pulmonary emphysema the  

a e t i o l o g y  o f  wh ich  was obscu re .

C a t t l e  a f f e c t e d  w i t h  pulmonary t u b e r c u l o s i s ,  wh ich  was a 

common c h r o n i c  o r  i n s i d i o u s  onse t  c o n d i t i o n ,  coughed w i t h  i n c r e a s i n g  

f re q u e n c y ,  were tachypnoe Ic  then became dyspno e ic  and began t o  lose  

w e i g h t .  A cu te  broncho-pneurnonia o f t e n  f l a r e d  up s h o r t l y  a f t e r  

c a l v i n g  in  such cows. There  were two o th e r  syndromes wh ich  depended 

on a n e g a t i v e  t u b e r c u l i n  r e a c t i o n  f o r  t h e i r  d i f f e r e n t i a t i o n  f rom 

t u b e r c u l o s i s ;  c h r o n i c  b r o n c h i t i s  wh ich  a f f e c t e d  o l d e r  cows and was 

unusual  in  t h e  v a r i e t y  o f  a d v e n t i t i o u s  lung sounds t h a t  c o u ld  be heard 

on a u s c u l t a t i o n  and c h r o n i c  pneumonia wh ich  vjas d iagnosed u s u a l l y  

because t h e r e  had been an incom p le te  re co ve ry  f rom an acu te  pneumonic 

epi  sode.

There a r e  many r e fe r e n c e s  in  H oare 's  book t o  c o n t i n e n t a l  

w o rke rs  who had been much more a c t i v e  in  the  f i e l d  o f  bov ine  m e d ic in e  

than  t h e i r  B r i t i s h  c o u n t e r p a r t s .  The d iseases  o f  the  lower  

r e s p i r a t o r y  t r a c t  were v e ry  w e l l  d e s c r i b e d  both  c l i n i c a l l y  and 

p a t h o l o g i c a l l y  by F r i e d b e r g e r  and Frbhner (1910).  They s t a t e d  t h a t  

n o t  o n l y  was t u b e r c u l o s i s  by f a r  the  most im p o r ta n t  and most w idespread  

bov ine  d i s e a s e ,  bu t  t h a t  i t  was a l s o  the  most commonly d iagnosed  

r e s p i r a t o r y  d i s o r d e r .  In s t r e s s i n g  the  d i f f i c u l t y  a s s o c i a t e d  w i t h  the 

d ia g n o s i s  o f  the  pulmonary fo rm ,  M u l l e r  (1910) is  quo ted  as say ing  

" t h a t  t h e  d i a g n o s i s  can o n l y  be made in  about  50 per cen t  o f  the  

a n i m a l ' s  w i t h  c l i n i c a l  d isease' . ' .  Other causes o f  c h r o n i c  cough ing  and 

w a s t i n g  had been reco gn ise d  but  they  were no t  co n s id e re d  t o  be i m p o r t 

a n t .  Of  the  a c u te  i n f e c t i o u s  pneumonias, broncho-pneumonia was 

s t a t e d  t o  be the  l e a s t  severe  w i t h  the  m a j o r i t y  o f  cases r e c o v e r i n g  

a f t e r  a two t o  t h r e e  week I l l n e s s  a l t h o u g h  a c h r o n i c  s u p p u r a t i v e  

pneumonia c o u ld  deve lop  s u b s e q u e n t l y  in  a few a n im a l s .  There was 

marked p y re x ia  and severe  c o n s t i t u t i o n a l  s ig ns  w i t h  croupous pneumonia 

wh ich  was r a p i d l y  f a t a l .  Gangrene and h a l i t o s i s  deve loped in  cases 

o f  i n h a l a t i o n  pneumonia and a l s o  w i t h  em bo l i c  pneumonia which u s u a l l y  

f o l l o w e d  s u p p u r a t i v e  th rom bo-ph l  eb 11 i s . L i t t l e  'was known about  

pulmonary emphysema a l t h o u g h  re fe r e n c e s  were made t o  a d ise ase  

"p n e u m a to s is "  wh ich  a f f e c t e d  c a t t l e  g r a z in g  swampy d i s t r i c t s  in  the  

N e th e r la n d s  and Be lg ium,

Tfie pulmonary d i s o r d e r s  t h a t  had been recogn ise d  by the  

be g in n in g  o f  t h i s  c e n t u r y  in B r i t a i n  and on the  c o n t i n e n t  (88,  121)



can be se pa ra ted  i n t o  two ma jo r  c l i n i c a l  g roups .  F i r s t l y ,  t h e r e  were 

th e  a c u te  pneumonias in  wh ich  severe  c o n s t i t u t i o n a l  as w e l l  as 

r e s p i r a t o r y  s ign s  were o f t e n  p r e s e n t ;  these  pneumonias were f r e q u e n t l y  

f a t a l .  The second group was made up o f  the  c h r o n i c  r e s p i r a t o r y  

d iseases  in  wh ich  co u g h in g ,  tachypnoea and w e ig h t  lo s s  were the  

p rédominent  c l i n i c a l  s i g n s .  T h i s  i s  s t i l l  the  method o f  c h o ic e  in  

c l a s s i f y i n g  r e s p i r a t o r y  d ise ase  because i t  makes c l i n i c a l  d i f f e r e n t i a l  

d i a g n o s i s  must s i m p l e r .  However, n e i t h e r  group can be c o ns ide re d  to  

be m u t u a l l y  e x c l u s i v e  s i n c e ,  f o r  example,  p a r a s i t i c  b r o n c h i t i s  can be 

an a c u te  d ise a se  and a l s o  a c h r o n i c  d isease  w i t h i n  the  same h e rd .  

H e n c e f o r t h ,  in  t h i s  r e v ie w ,  the  s p e c i f i c  r e s p i r a t o r y  d i s o r d e r s  o f  a d u l t  

c a t t l e  s h a l l  be d is c u s s ed  f rom a c l i n i c a l  d i f f e r e n t i a l  d ia g n o s i s  

a s p e c t .

T u b e r c u l o s i s  had been shown t o  be the  most im p o r ta n t  d ise ase  

o f  c a t t l e  as w e l l  as the  commonest pulmonary d i s o r d e r  and,  when the  

T u b e r c u lo s i s  Order  was r e i n t r o d u c e d  in 1925 p r o v i s i o n  was made f o r  the  

s l a u g h t e r ,  w i t h  compensa t ion ,  o f  d a i r y  cows " h a v in g  a c h r o n i c  cough 

w i t h  d e f i n i t e  c l i n i c a l  s ign s  o f  t u b e r c u l o s i s "  (170) .  N e v e r t h e le s s ,  

a more p o s i t i v e  approach t o  the  p roblem o f  bov ine  t u b e r c u l o s i s  was 

s t i l l  ad vo ca te d ,  p a r t i c u l a r l y  in  S c o t l a n d ,  and l a r g e l y  as a r e s u l t  o f  

t h e i r  p e r s i s t e n c e ,  the  A t t e s t e d  Herds Scheme was i n t r o d u c e d  in  1935 

(1 7 0 ) .  P rogress in the  s e t t i n g - u p  o f  t u b e r c u l o s i s - f r e e  herds  

remained s low ,  however,  even a l t h o u g h  the  Scheme was extended in  1937 

t o  i n c lu d e  bee f  and r e a r i n g  h e rds .  As w i t h  c o n ta g io u s  p leuropneumonia  

s i g n i f i c a n t  p ro g ress  was made o n l y  a f t e r  a n a t i o n a l  p la n  w i t h  f u l l  

government f i n a n c i a l  a s s i s t a n c e  had been adop ted .  The f i n a l  campaign,  

wh ich  began in  1950, was based on the  s i n g l e  c o m p a ra t ive  i n t r a - d e r m a l  

t u b e r c u l i n  t e s t ,  the  s l a u g h t e r  o f  a l l  r e a c to r s  w i t h  the  payment o f  

f u l l  compensat ion  and a cash bonus payment f o r  m i l k  produced by 

" t u b e r c u l i n  t e s t e d "  h e rd s .  The campaign was c a r r i e d  o u t  area by area 

u n t i l  in  i 96 0 , a f t e r  o n l y  ten  y e a r s ,  the  M i n i s t e r  o f  A g r i c u l t u r e  was 

a b l e  t o  r e p o r t  t h a t  the  who le  o f  B r i t a i n  was an a t t e s t e d  area and t h a t  

B r i t i s h  c a t t l e  c o u ld  be co n s id e re d  f r e e  f rom b ov ine  t u b e r c u l o s i s  (170) .  

The c o s t  o f  the  e r a d i c a t i o n  campaign was a p p r o x im a t e l y  130 m i l l i o n  

pounds ( 177) ,  but  the  sav in g  in  c h i l d r e n ' s  l i v e s  a lo n e  made t h i s  

e m in e n t l y  w o r t h w h i l e .

Ju s t  as th e  s l a u g h t e r  o f  c a t t l e  suspected o f  hav ing  

c o n ta g io u s  p leuropneumonia  f i n a l l y  e s t a b l i s h e d  the  importance  o f  

pulmonary t u b e r c u l o s i s ,  so d u r i n g  the  e r a d i c a t i o n  o f  t u b e r c u l o s i s  o th e r



causes o f  c h r o n i c  cough ing  and w a s t in g  were re c o gn is e d .  One type  o f  

c h r o n i c  pneumonia,  wh ich  was sa id  t o  be r e l a t i v e l y  common, resembled 

advanced pulmonary t u b e r c u l o s i s  a l t h o u g h  a f f e c t e d  cows were b r i g h t  and 

u s u a l l y  had a normal te m p e ra tu re  and a p p e t i t e  (244) .  In some cases ,  

c l i n i c a l  s ig ns  deve loped  sudden ly  around c a l v i n g  w h i l s t  in o th e rs  

cough ing  had been n o t i c e d  f o r  se ve ra l  days o r  weeks b e fo re  more severe  

s ign s  o f  r e s p i r a t o r y  d ise a se  were observed .  Hyperpnoea was obv ious  a t  

r e s t  and t h e r e  was marked e x e r c i s e  i n t o l e r a n c e  w i t h  f r e q u e n t  p r o d u c t i v e  

cough in g .  On a u s c u l t a t i o n ,  loud r a l e s  and wheezing no ises  were heard 

a l l  over  the  ches t  but  no t h o r a c i c  pa in  was e l i c i t e d  on p e r c u s s io n .  

A l t h o u g h  a f f e c t e d  cows l o s t  w e ig h t  and t h e i r  m i l k  y i e l d s  decreased 

d u r i n g  the  course  o f  the  d i s e a s e ,  the  c o n d i t i o n  d id  no t  appear t o  be 

f a t a l .  The p a t h o l o g i c a l  l e s i o n s  were sa id  " t o  g r e a t l y  resemble those  

o c c u r r i n g  in c o n ta g io u s  p leu rop ne um on ia " ,  but  t h e r e  was no p l e u r i s y  and 

emphysema was u s u a l l y  p r e s e n t .  From the  above d e s c r i p t i o n ,  i t  would 

appear  t h a t  t h i s  r e s p i r a t o r y  d i s o r d e r  had a n o n - i n f e c t 1ous a e t i o l o g y .

Lung p h t h i s i s  was an " u m b r e l l a - t e r m "  used t o  d e s c r ib e  cases 

o f  c h r o n i c  r e s p i r a t o r y  d ise ase  w i t h  p r o g r e s s i v e  w e ig h t  lo s s  and weak

ness (88) .  A l t h o u g h  t u b e r c u l o s i s  was the  most f r e q u e n t  cause o f  t h i s  

syndrome, o th e r  c o n d i t i o n s  I n c l u d in g  m y c o t i c  I n f e c t i o n s ,  lung tumours ,  

lung  abscesses and c h r o n i c  s u p p u r a t i v e  pneumonia were a l s o  r e s p o n s ib l e  

f o r  a p r o p o r t i o n  o f  cases.

M y c o t i c  i n f e c t i o n  was not  ment ioned by Hoare (1913b) as a 

s p e c i f i c  pulmonary d i s o r d e r  d e s p i t e  th e  i n c l u s i o n  o f  a s p e r g i l l o s i s  

in  the  l i s t  o f  c o n d i t i o n s  w i t h  wh ich  con ta g iou s  p leuropneumonia  m ig h t  

be confused  (51 ) .  In t h i s  l a t t e r  c o n t e x t ,  t h e r e  was sa id  t o  be an 

"absence  o f  marked r e s p i r a t o r y  symptoms" in cases o f  pulmonary 

a s p e r g i l l o s i s .  The importance  o f  m y co t ic  i n f e c t i o n s  o f  farm an im a ls

In B r i t a i n  was s t i l l  unknown In 1951 and,  d u r i n g  a two y ea r  su rvey  o f

fung a l  a s s o c ia te d  d is e a s e s ,  A in s w o r th  and A u s tw i c k  (1955) f a i l e d  t o  

f i n d  a s i n g l e  case o f  m y c o t i c  pneumonia in c a t t l e .  C o n f i r m a t i o n  t h a t  

A s p e rq I I  lus f um iq a tu s  d id  p e n e t r a te  deep i n t o  the  lungs  o f  c a t t l e  was 

p ro v id e d  by A u s tw i c k  (19&2) who found " a s t e r o i d "  bod ies  in 66 per cen t  

o f  a d u l t  bov ine  lungs  d u r i n g  an a b a t t o i r  survey in s o u th - e a s t  England.

Over a ten  year p e r i o d ,  o n l y  12 cases o f  m yco t ic  pneumonia in c a lv e s

(11) and two in  a d u l t s  (12) have been co n f i rm e d  a t  Weybr idge .

A lmost  a l l  the  i n f o r m a t i o n  r e g a r d in g  pulmonary n e o p la s ia  Is 

based on the  p a t h o l o g i c a l  e xam in a t io n  o f  m a t e r i a l  f rom e i t h e r
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i n d i v i d u a l  cases (191) or  f rom a b a t t o i r  surveys (5, 137).  Dur ing  the 

p e r io d  f rom 1932 t o  1940, t h r e e  ou t  o f  every  one thousand c a t t l e  wh ich  

had been s l a u g h te r e d  because o f  a t u b e r c u l o u s - l i k e  r e s p i r a t o r y  d ise ase  

was found t o  have pulmonary n e o p la s ia  (137) .  Lung tumours re p re se n te d  

30 per cen t  o f  th e  t o t a l  number o f  tumours foun d .  When Anderson and 

Sandison (1968) examined tumours su bm i t te d  f rom a b a t t o i r s  a l l  over  

B r i t a i n ,  they  found t h a t  the  f reque ncy  o f  lung tumours in c a t t l e  was 

19 per one m i l l i o n  c a t t l e  s la u g h t e r e d .  A t  l e a s t  h a l f  the  an im a ls  

examined in  t h i s  l a t t e r  su rvey  would  have been le s s  than th r e e  years  

o ld  because v i r t u a l l y  a l l  c a t t l e  reared  f o r  bee f  p r o d u c t i o n  a re  

s la u g h te r e d  f rom one t o  two years  o f  age.  Secondary tumours in the 

lung  were more than tw i c e  as p r e v a le n t  as p r im a ry  lung  tumours.

O v e r a l l ' ,  lung  tumours made up 26 per cen t  o f  the  number o f  tumours 

examined by Anderson and Sandison (1968) and t h i s  f i g u r e  is  s i m i l a r  t o  

the  30 per cen t  r e p o r te d  by Kenny (1 9^4) .

in  h i s  d i s c u s s io n  on s u p p u ra t i o n  in  c a t t l e ,  Ward (1917) 

commented on the  la c k  o f  i n f o r m a t i o n  r e g a r d in g  the  b a c te r iu m  B a c i l l u s  

pyogenes (synonym C orynebac te r ium  pyogenes) in  the  E n g l i s h  language 

compared w i t h  the  Dutch and German l i t e r a t u r e .  B. pyogenes had been 

recogn ise d  in Europe as be ing the  cause o f  a c h r o n i c  broncho-pneumonia 

wh ich  p a r t i c u l a r l y  a f f e c t e d  th e  a n t e r i o r  lobes o f  the  lungs (217) .

Even a t  n ec ropsy ,  i t  was c o n s id e re d  t o  be d i f f i c u l t  t o  d i f f e r e n t i a t e  

between c h r o n i c  s u p p u r a t i v e  broncho-pneumonîa produced by B. pyogenes 

and pulmonary t u b e r c u l o s i s  (26, 123, 217).

Dur ing  the  course  o f  t h e i r  meat i n s p e c t i o n  d u t i e s ,  Tweed and 

Ed ing ton  (1930) d i s c o v e re d  t h a t  pneumonia in a d u l t  c a t t l e  was much 

commoner than had been a p p r e c ia t e d  h i t h e r t o .  Based on the  p a t h o l o g i c a l  

exa m in a t io n  o f  pulmonary l e s i o n s ,  they  co n s id e re d  t h a t  t h e r e  were two 

types  o f  n o n - t u b e r c u lo u s  pneumonia and a t  l e a s t  some were due to  

s p e c i f i c  b a c t e r i a l  i n f e c t i o n s .  In the  f i r s t  t y p e ,  f rom which  no 

s p e c i f i c  o rgan ism would  appear t o  have been i s o l a t e d ,  " t h e  lungs 

showed patches  o f  b roncho -pneum on ia , w i t h  areas  o f  c o l l a p s e  and marked 

emphysema o f  the  i n t e r - l o b u l a r  se p ta .  The b ronch i  o f  the  i n f e c t e d  

a reas  were u s u a l l y  p lugged w i t h  a t h i c k ,  te n a c io u s  m u co -p u ru le n t  

s e c r e t i o n " .  In the  second t y p e ,  f rom wh ich  P a s t e u r e l l a bo v i s e p t i c a  

Group 1 was r e a d i l y  r e c o v e re d ,  " t h e  lungs  were marked ly  c o n s o l i d a t e d  

and the  i n t e r - l o b u l a r  septa  t h i c k e n e d " .

The a t t e m p t  by Tweed and Ed ing ton  (1930) t o  c l a s s i f y  the  

pneumonias o f  mature c a t t l e  on a gross  p a t h o l o g i c a l  b as is  occu r red



d u r i n g  a p e r io d  o f  c o n t r o v e r s y  in the  B r i t i s h  v e t e r i n a r y  p r o f e s s i o n .  

The argument concerned the  p o s s i b l e  e x i s t e n c e  in B r i t a i n  o f  

haemorrhag ic  s e p t i c a e m ia ,  an a c u t e ,  severe ,  p r im a ry  p a s t e u r e l 1 o s i s  

wh ich  a t  t h a t  t im e  was r e l a t i v e l y  common in A f r i c a  and in the  Far East ,  

The c o n d i t i o n  as r e p o r te d  in  t h i s  c o u n t r y  m a in ly  a f f e c t e d  c a t t l e  less  

than  two years  o l d ,  i t  was q u i c k l y  f a t a l  and a t  pos t -mor tem examina

t i o n ,  many f o c a l  a reas  o f  haemorrhage were seen (16$) .  Th is  

haemorrhag ic  s e p t i c a e m i a - l i k e  d is e as e  was c la im e d  t o  be a s s o c ia te d  

w i t h  the  i n g e s t i o n  o f  bracken f e r n  (Pt e r l d ium aq u i l i n u m )  (152,  159) 

and a l s o  w i t h  B a c i l l u s  b o v ! s e p t i eus i n f e c t i o n  (163) .

In seve ra l  i n c i d e n t s  o f  an " i n f e c t i o u s  pneumonia o f  a d u l t  

b o v in e s "  (226) ,  severa l  a n im a ls  had d ie d  a f t e r  a c l i n i c a l  i l l n e s s  

c h a r a c t e r i s e d  by tachypnoea,  p y r e x ia  (up t o  107°F),  a n o r e x ia ,  a d ry  

p a i n f u l  cough,  p a i n f u l  g r u n t i n g  when l y i n g  and d i s t i n c t  r a l e s  in  the  

c h e s t .  The lung  l e s i o n s  seen a t  necropsy were s i m i l a r  t o  those  o f  

croupous pneumonia (121) and B. b o v i s e p t i eus was i s o l a t e d  in pure 

c u l t u r e  f rom the  l u n g s .  As a r e s u l t  o f  t h e i r  b a c t e r i o l o g i c a l ,  

c l i n i c a l  and p a t h o l o g i c a l  f i n d i n g s ,  E d in g to n ,  Sampson and Tweed (226, 

265) c o n s ide red  t h a t  some o f  these  cases had d ied  f rom the  p e c to ra l  

form o f  haemorrhag ic  s e p t i c a e m ia .  Gaiger  (1931) d i d  not  accep t  t h i s  

and p o in te d  ou t  in c o n s i d e r a b l e  d e t a i l  the  d i f f e r e n c e s  between " t r u e "  

haemorrhag ic  s e p t ica e m ia  and the  pneumonia o f  B r i t i s h  c a t t l e  f rom 

wh ic h  p a s t e u r e l 1ae had been i s o l a t e d .  However,  Ed ing ton  (1931) and 

o th e r  w o rke rs  ( I 0 6 , 210) remained unconv inced .  The c o n s i d e r a b l e  

d i s c u s s io n  t h a t  f o l l o w e d  in the  V e t e r i n a r y  Record was a p t l y  summarised 

by S h i r l a w  (1938) who w ro te  t h a t  "much o f  the c o n fu s io n  s u r ro u n d in g  

t h i s  d isease  has a r i s e n  th rou gh  loose  d e f i n i t i o n s ,  inaccuracy  o f  

o b s e r v a t i o n s  and unwar ran ted  assumpt ions  based on these  o b s e r v a t i o n s " .  

He p o in te d  out  t h a t  c o n fu s io n  would  not  have a r i s e n  had the  term 

" b o v in e  p a s t e u r e l 1 os i s "  been used o r i g i n a l l y  s in c e  th e re  was no doubt  

t h a t  both pneumonic and s e p t i c a e m ia  forms o f  p a s t e u r e l 1 o s Î s were 

p re sen t  in  B r i t a i n .

The c l i n i c a l  and p a t h o l o g i c a l  f e a t u r e s  o f  bov ine  

p a s t e u r e l 1 o s Î s (239) were i d e n t i c a l  t o  those o f  t r a n s i t  f e v e r ,  a 

c o n d i t i o n  wh ich  had o r i g i n a l l y  been d e s c r ib e d  in  1925 ( 117) and f rom 

which  B. bov i s e p t i eus had been I s o l a t e d  f rom the  lungs  In a lm os t  pure 

c u l t u r e .  T r a n s i t  f e v e r  was a sudden o n s e t ,  severe  and r a p i d l y  f a t a l  

d ise ase  o f  Orkney and I r i s h  c a t t l e  imported i n t o  A b e rd e e n s h i re ,  The 

importance  o f  adverse  e nv i ro n m e n ta l  f a c t o r s  in  p re d is p o s in g  c a t t l e  t o
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t h i s  syndrome was h i g h l i g h t e d  by Hepburn (1925) who p o in te d  o u t  t h a t  

t r a n s i t  f e v e r  w a s n ' t  seen in  c a t t l e  Impor ted  f rom Canada due t o  t i i e i  r 

be ing  t r a n s p o r t e d  under f a r  b e t t e r  c o n d i t i o n s .

P a s t e u r e l l o s i s  was d iagnosed in two l a r g e  o u tb re aks  o f  

pneumonia in  t u b e r c u l o s i s - f r e e  Je rsey  cows t h a t  had r e c e n t l y  been 

imported  f rom the  i s l a n d  o f  Je rsey  (172) „ I n d i v i d u a l  an im a ls  

deve loped  sudden onse t  a n o r e x i a ,  p y re x ia  (up t o  107°F) and r a l e s  were 

heard on a u s c u l t a t i o n .  When th e  f i r s t  a n im a ls  were i n i t i a l l y  seen t o  

be i l l  in  the  autumn, a l l  t h e  Je rsey  cows in both herds were n o t i c e d  

t o  be coug h in g .  C. pyogenes was i s o l a t e d  f rom the  e x te n s i v e  exuda

t i v e  a n t e r i o r  lobe  pneumonic l e s i o n s  o f  severa l  o f  th e  f a t a l  cases and 

so i t  was co n s id e re d  t o  be the  cause o f  the  r e s p i r a t o r y  p roblem. An 

i d e n t i c a l  r e s p i r a t o r y  i l l n e s s  deve loped  aga in  the  f o l l o w i n g  J u l y  in 

t h e  m i l k i n g  cows o f  one o f  t h e  herds  and a l s o  in some s t i r k s  a t  an 

o u t “ fa rm .  P a r a s i t i c  b r o n c h i t i s  was d iagnosed a f t e r  one s t i r k  had 

d ie d  and i t s  lu ngs  had been examined a t  Weybr idge .  The cows were 

housed im m ed ia te ly  and no f u r t h e r  cases developed a l t h o u g h  severa l  

a p p a r e n t l y  f u l l y  recovered  a n im a ls  d id  have a re la p s e  o f  a c u te  

pneumonia a few days a f t e r  c a l v i n g .  R e t r o s p e c t i v e l y ,  i t  was re c o g 

n is e d  t h a t  these  had been o u tb re a k s  o f  p a r a s i t i c  b r o n c h i t i s  c o m p l i c a te d  

by C. pyogenes i n f e c t i o n .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  w i t h  one 

e x c e p t i o n ,  the  t r e a tm e n ts  used by M i t c h e l l  (1939) had been e q u a l l y  

i n e f f e c t i v e  in  re d uc in g  th e  ve ry  h ig h  m o r t a l i t y  r a t e .  The e x c e p t i o n  

was M. and B, 693 ( s u l p h a p y r i d i ne) wh ich  "a c h ie v e d  r e s u l t s  in t h r e e  

o f  the  cases such as I have no t  p r e v i o u s l y  e x p e r i e n c e d " ;  in  o th e r  

words these  cases d i d  no t  d i e .

I t  was no t  e n t i r e l y  unexpec ted t h a t  M i t c h e l l  (1939) f a i l e d  

t o  a s s o c i a t e  p a r a s i t i c  b r o n c h i t i s  w i t h  sudden o n s e t ,  severe 

r e s p i r a t o r y  d ise a se  in  i n d i v i d u a l  cows, in s p i t e  o f  w idespread 

cough ing  in  the  r e s t  o f  t h e  herd because many peop le  s t i l l  c o n s ide re d  

t h a t  i n f e s t a t i o n  w i t h  the  c a t t l e  lungwcrm, Di c t y o c a u l u s  v i v i p a r u s , 

e i t h e r  d id  not  a f f e c t  a d u l t  a n im a ls  (157)»o r  produced o n l y  m i l d  

c l i n i c a l  s ig ns  (263) .  N e v e r t h e le s s ,  t h e r e  had a l r e a d y  been severa l  

r e p o r t s  o f  f a t a l  r e s p i r a t o r y  d ise ase  a s s o c ia te d  w i t h  p a te n t  p a r a s i t i c  

b r o n c h i t i s  in  cows (157,  222,  253, 2 82 ) .  The main c l i n i c a l  s ig ns  

were w idespread  co ug h in g ,  tachypnoea,  dyspnoea, reduced a p p e t i t e ,  

w e ig h t  lo ss  and reduced m i l k  y i e l d .  Penhale (1925) had s t a t e d  

t h a t  in  a d u l t s ,  p a r a s i t i c  b r o n c h i t i s  was o f t e n  c o m p l i c a te d  by 

pneumonia.  In these  and in  o th e r  r e p o r t s  wh ich  f o l l o w e d  s h o r t l y
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a f t e r w a r d s  (21,  2 î-5) , p a r a s i t i c  b r o n c h i t i s  liad been diagnosed because 

a d u l t  worms were p re s en t  in  the  b ronch i  a t  nec ropsy .

The concept  t h a t  t h e r e  co u ld  be " tw o  d i s t i n c t  k i n d s "  o f  

p a r a s i t i c  b r o n c h i t i s  was put  fo rw a rd  by T a y lo r  (1951),  in  the 

w e l l - d o c u m e n te d , t y p i c a l  fo rm o f  the  d isease  wh.ich a f f e c t e d  both  

immature and a d u l t  c a t t l e ,  a d u l t  worms were p re sen t  In the  b ronch i  and 

the  f i n d i n g  o f  l a r v a e  In the  faeces co n f i rm ed  the  d i a g n o s i s .  In the  

a t y p i c a l  form which  was s a id  t o  o ccu r  m a in ly  in a d u l t  c a t t l e ,  immature 

worms were p re sen t  in  t h e  b ronch i  and l a r v a e  c o u ld  o n l y  r a r e l y  be d e t 

ec ted  in  the  fae c e s ,  i t  was co n s id e re d  t h a t  f u l l y  s u s c e p t i b l e  c a t t l e  

deve loped t y p i c a l  p a r a s i t i c  b r o n c h i t i s  whereas in r é s i s t e n t  a n im a l s ,  

the  l a r v a e  f a i l e d  to  reach sexual  m a t u r i t y  (125) .  The s u g g e s t i o n

t h a t  l a r v a e  c o u ld  be i n h i b i t e d  in t h e i r  development in  r é s i s t e n t  

a n im a ls  has s in c e  been c o n f i rm e d  (131,  208) . !n the  l i g h t  o f  more 

re c e n t  knowledge r e g a r d in g  the  l i f e  h i s t o r y  o f  D. v i v i p a r u s , the  above 

c l a s s i f i c a t i o n  i s  o f  l i m i t e d  u s e fu ln e s s  because p r e - p a t e n t  and p o s t 

pa te n t  p a r a s i t i c  b r o n c h i t i s  (128) must a l s o  be co n s id e re d  as forms o f  

a t y p i c a l  p a r a s i t i c  b r o n c h i t i s , w h i c h  th e y  a re  n o t .

The r e a l i s a t i o n  t h a t  D. v i v i parus i n f e c t i o n  co u ld  produce 

sudden onse t  dyspnoea in  a d u l t  c a t t l e  (125,  253) prompted Barker  (1937) 

and l a t e r  B r u fo r d  (1951) t o  draw a t t e n t i o n  t o  the  d i f f i c u l t y  in 

d i f f e r e n t i a t i n g  between p a r a s i t i c  b r o n c h i t i s  and fog  f e v e r .  The 

s i m i l a r i t y  between fog  f e v e r ,  wh ich  had o n l y  been r e p o r te d  f rom n o r th  

Wales (221) and f rom Y o r k s h i r e  (141) ,  and a c u te  i n t e r s t i t i a l  pulmonary 

emphysema (23) was commented upon by McLean (1948) and by L e s l i e  (1949) 

In h i s  r e v ie w ,  L e s l i e  (1949) c o n f i rm e d  t h a t  fog  f e v e r  was a sudden 

onse t  r e s p i r a t o r y  d i s t r e s s  c o n d i t i o n  wh ich  a f f e c t e d  o n l y  a d u l t  c a t t l e  

w h i l e  they  were g r a z in g  foggage.  in  the  ensu ing  d i s c u s s i o n ,  i t  was 

suggested  t h a t  both  p a r a s i t i c  b r o n c h i t i s  and fog  f e v e r  m ig h t  be the  

r e s u l t  o f  D. v i v i p a ru s i n f e s t a t i o n  (2 6 0 ) .

Fog f e v e r  and a t y p i c a l  p a r a s i t i c  b r o n c h i t i s  were c o ns id e re d  

by .Soliman (1952) t o  be s i m i l a r  d iseases  because both  p resen ted  w i t h  

sudden onse t  dyspnoea and a d u l t  lung  worms c o u ld  no t  be seen In the  

b ro nch i  a t  nec ropsy .  C o n se q u e n t ly ,  i t  was im p l i e d  t h a t  fog  f e v e r  was 

an a l l e r g i c  r e a c t i o n  f o l l o w i n g  a massive c h a l l e n g e  w i t h  D. v i v i parus 

l a r v a e .  T h is  was no t  an unreasonab le  h y p o th e s i s  because fog  f e v e r  

appeared t o  be i d e n t i c a l  t o  the  p u b l i s h e d  c l i n i c a l  and p a t h o l o g i c a l  

d e s c r i p t i o n s  o f  h y p e r s e n s i t i v i t y  r e a c t i o n s  In c a t t l e  wh ich  had been



produced by a n t h r a x  a n t i - s e r u m  (266) ,  the  death  o f  w a rb le  f l y  

(Hypoderma b o v i s ) l a r v a e  (99, 105) and f o l l o w i n g  v a c c i n a t i o n  w i t h  a 

co m m erc ia l ,  b a c t e r i a l  v a c c in e  (151) ,  R e f e r r i n g  t o  t h e  work done by 

K e r r  and Rober tson (1943) who had produced e x p e r im e n ta l  a n a p h y l a c t i c  

shock by i n s t i l l i n g  e x t r a c t s  o f  Trichomonas f oe tus  i n t o  the  u t e r i  

o f  cows, Davies (1946) had a l r e a d y  suggested  t h a t  the  a cu te  pulmonary 

emphysema which  deve loped in c a t t l e  tu rne d  on to  leguminous pa s tu re s  

"seemed t o  be some form o f  h y p e r s e n s i t i v i t y  t o  some agen t  In the  

p a s t u r e " .

The s t a r t  o f  the  bov ine  t u b e r c u l o s i s  e r a d i c a t i o n  campaign 

in  1950 i n i t i a t e d  the  second ma jo r  change in  the  importance  o f  

r e s p i r a t o r y  d isease  In adu lL  c a t t l e  in  B r i t a i n .  Dur ing  the  second 

h a l f  o f  the  n in e t e e n t h  c e n t u r y ,  c o n ta g io u s  p leuropneumonia was not  

o n l y  the  most w i d e l y  reco gn ised  bov ine  r e s p i r a t o r y  d isease  but  i t  was 

a l s o  the  most im p o r ta n t  d isease  o f  c a t t l e .  A f t e r  the  e r a d i c a t i o n  o f  

co n ta g io u s  p leuropneumonia in  I 8 98 , t u b e r c u l o s i s  was accep ted  as the  

most common b ov ine  r e s p i r a t o r y  d isease  and a l s o  as the  most im p o r ta n t  

c a t t l e  d is e a s e .  Du r in g  th e  f i r s t  h a l f  o f  t h e  t w e n t i e t h  c e n tu ry  as 

i n t e r e s t  in  c a t t l e  d iseases  in c re a s e d ,  r e s p i r a t o r y  c o n d i t i o n s  o the r  

than  t u b e r c u l o s i s  began t o  be r e p o r te d  (121, 157, 172, 221,  226,  244, 

282) and some a t t e m p ts  were made a t  d i f f e r e n t i a l  d i a g n o s i s .  However, 

p ro g ress  in t h i s  area  wou ld  appear t o  have a l l  bu t  s topped f o l l o w i n g  

th e  i n t r o d u c t i o n  o f  new, ve ry  e f f i c i e n t  an t  I - b a c t e r i a l  drugs 

( a n t i b i o t i c s  and su lp honam ides) i n t o  v e t e r i n a r y  p r a c t i c e .  i t  has 

been e s t im a te d  t h a t  the  m o r t a l i t y  f rom a l l  cases o f  pneumonia a t  the  

C o rn e l ]  A m bu la to ry  C l i n i c  f e l l  f rom 33 per cent  d u r i n g  the  p e r io d  

f rom 1927 t o  1937, t o  o n l y  5 per  cen t  f rom 1945 t o  1947 (224) .  The 

l a c k  o f  emphasis on d i f f e r e n t i a l  d ia g n o s i s  led to  a c o n s i d e r a b l e  

amount o f  c o n fu s io n  when r e s p i r a t o r y  d i s o r d e r s  f rom a known t u b e r 

c u l o s i s - f r e e  a d u l t  c a t t l e  p o p u la t i o n  were d is c u s s e d .

The problems a s s o c ia te d  w i t h  r e s p i r a t o r y  d ise ase  

t e r m in o lo g y  in  No r th  Amer ica  prompted Blood (1962) to  propose t h a t  

t h e  " n o n - s t a n d a r d "  forms o f  pneumonia In c a t t l e  be grouped to g e th e r  

and he suggested  t h a t  the  te rm  " a t y p i c a l  I n t e r s t i t i a l  pneumonia"

(AIP) be adop ted .  He co ns id e re d  t h e re  t o  be two c l i n i c a l  forms o f  

A lP ;  an a c u te  form in  wh ich  a f f e c t e d  a n im a ls  deve loped  sudden 

onse t  r e s p i r a t o r y  d i s t r e s s  u s u a l l y  in  the  autumn w h i l e  they  were 

a t  p a s tu r e .  I t  was s t a t e d  t h a t  cough ing was not  a f e a t u r e

o f  t h i s  form o f  the c o n d i t i o n ,  A form o f  c h r o n i c  A lP ,
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which  had o n l y  been r e p o r te d  f rom Canada and f rom S w i t z e r l a n d ,  was 

a s s o c i a te d  w i t h  the  i n h a l a t i o n  o f  hay dus t  and t h e r e f o r e  was most 

common in w i n t e r  when c a t t l e  were housed.  The c l i n i c a l  s igns  

developed g r a d u a l l y  and in c lu de d  f r e q u e n t  c o u g h in g , tachypnoea,  

hyperpnoea and w e ig h t  l o s s .  No s e r i o u s  a t t e m p t  was made to  d e f i n e  

a s p e c i f i c  a e t i o l o g y  f o r  A lP ,  a l t h o u g h  i t  was recogn ised  t h a t  in  many 

o f  the  r e p o r t s ,  the  onse t  o f  r e s p i r a t o r y  d isease  was a s s o c ia te d  w i t h  

a s p e c i f i c  f e e d in g  reg ime.

The s t r i c t  t im e  r e l a t i o n s h i p  between onse t  o f  severe  

r e s p i r a t o r y  s ig n s  and the  f e e d in g  o f  mouldy f o d d e r  seemed t o  i n d i c a t e  

t h a t  Inh a led  o r  in ges ted  a l l e r g e n s  c ou ld  be i n v o lv e d  in  the  pathogen^ 

e s i s  o f  c e r t a i n  types  o f  A lP  (31 ) .  An a s s o c i a t i o n  between the  onse t  

o f  r e s p i r a t o r y  d ise ase  and the  fe e d in g  o f  mouldy hay and o f  mouldy 

s i l a g e  had a l s o  been n o t i c e d  by Van K ru In  ingen (1962) who proposed t h a t  

the  syndrome be c a l l e d  b r o n c h i o l i t i s  o b l i t e r a n s .  Gibbons (1962) 

compared b r o n c h i o l i t i s  o b l i t e r a n s  in  c a t t l e  w i t h  the  human c o n d i t i o n ,  

s i  l o - f i  t i e r ' s  d i s e a s e ,  in  wh ich  the  r e s p i r a t o r y  s ign s  r e s u l t  f rom the  

i n h a l a t i o n  o f  n i t r o g e n  d i o x i d e  (1 53) ,  whereas Jenk ins  and Pepys (1965) 

s t a t e d  t h a t  b r o n c h i o l i t i s  o b l i t e r a n s  in c a t t l e  resembled the  human 

r e s p i r a t o r y  d is e a s e ,  f a r m e r ' s  lu n g .  As a r e s u l t  o f  t h e i r  f i n d i n g  

p r e c i p i t a t i n g  a n t i b o d i e s  t o  M. f a en i in  the  sera o f  a l a r g e  percen tage  

o f  c a t t l e  w i t h  r e s p i r a t o r y  d i s e a s e ,  Jenk ins  and Pepys (1965) suggested 

t h a t  c a t t l e  wh ich  had been fed  mouldy hay c ou ld  deve lop  a f a r m e r ' s  lung- 

l i k e  r e s p i r a t o r y  d i s o r d e r .  I t  had j u s t  been con f i rm e d  t h a t  f a r m e r ' s  

lung was a h y p e r s e n s i t i v i t y  d ise ase  wh ich  cou ld  deve lo p  f o l l o w i n g  the  

rep ea ted  i n h a l a t i o n  o f  the  d us t  o f  mouldy hay in wh ich  t h e r e  were 

a n t i g e n s  d e r i v e d  f rom t h e r m o p h i l i c  a c t i n o m y c e t e s , in  p a r t i c u l a r  

M. fa e n i  (199) .

A t  t h i s  s ta g e ,  i t  i s  a p p o s i t e  t o  summarise the  r e s p i r a t o r y  

d isease  p i c t u r e  in  a d u l t  c a t t l e  in  B r i t a i n  when a c l i n i c o - p a t h o l o g l e a l  

s tud y  o f  a c u te  r e s p i r a t o r y  d ise ase  was begun a t  the  Glasgow V e t e r i n a r y  

School in  1969. The a c u te  b a c t e r i a l  pneumonias were s t i l l  s a id  t o  be 

r e l a t i v e l y  common but  i t  i s  p ro ba b le  t h a t  t h e i r  im portance  had 

decreased In a manner s i m i l a r  t o  t h a t  re p o r te d  by the  C o rn e l l  w o rke rs  

(224) .  T y p ic a l  c l i n i c a l  s ig n s  were sudden onse t  a n o r e x i a ,  d u l l n e s s ,  

p y r e x i a ,  tachypnoea and a degree o f  t h o r a c i c  p a in .  A smal l  p r o p o r t i o n  

o f  a c u te  b a c t e r i a l  pneumonia cases f a i l e d  t o  make a comple te  re co ve ry  

in  s p i t e  o f  the  use o f  new drugs  and f r e q u e n t l y  i t  was found t h a t  they 

had deve loped  a c h r o n i c  s u p p u r a t i v e  pneumonia c h a r a c t e r i s e d  by cough ing
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and w e ig h t  lo ss  (160) .  A l t h o u g h  two forms o f  p a r a s i t i c  b r o n c h i t i s  

had been re c o gn is e d ,  t h e i r  d i f f e r e n t i a t i o n  appeared to  r e l y  a lm os t  

t o t a l l y  on the. presence o r  absence o f  l a r v a e  in the  faeces and 

t h e r e f o r e ,  on the  presence o r  absence o f  a d u l t  worms in the  b ronch i  

Frequent  c o ug h ing ,  tachypnoea and a degree o f  r e s p i r a t o r y  d i s t r e s s  

were common c l i n i c a l  s i g n s ,  A d ia g n o s is  o f  fog  f e v e r  was u s u a l l y  

made when the  ma jo r  p r e s e n t i n g  s ig n  was sudden onse t  severe  

r e s p i r a t o r y  d i s t r e s s .  M y c o t i c  pneumonia,  pulmonary abscesses and 

tumours were a lm o s t  i n v a r i a b l y  d iagnosed a t  nec ropsy .
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SECTION I !

REVIEW OF THE LITERATURE ON FARMER'S LUNG IN MAN

The r e s p i r a t o r y  syndrome known as f a r m e r ' s  lung was 

p ro b a b ly  f i r s t  d e s c r ib e d  over  200 yea rs  ago when Ramazzin l (1700) 

r e p o r te d  symptoms o f  r e s p i r a t o r y  d ise a se  in wo rke rs  who hand led  d us ty  

g r a i n  wh ich  had o v e r -h e a te d  d u r i n g  s t o r a g e .  These g r a i n  worke rs  

deve loped  a d ry  p e r s i s t e n t  cough and " a lm o s t  a l l  . . . .  a re  s h o r t  

b r e a t h ' d  and c a c h e c t i c k  and seldom l i v e  t o  be o l d ;  nay they  a re  ve ry  

a p t  t o  be se ized  w i t h  an or thopenoea and a t  l a s t  w i t h  a d ro p s y " .  

I n t e r e s t  in  o r g a n i c  d u s t - i n d u c e d  pulmonary d i s o r d e r s  was awakened in  

B r i t a i n  f o l l o w i n g  the  d e s c r i p t i o n  o f  an a c u t e ,  severe  r e s p i r a t o r y  

d ise a se  wh ich  a f f e c t e d  farm w o rke rs  who had been h a n d l i n g  mouldy hay 

( 4 0 ) . F a w c i t t  (1936) conc luded  t h a t  t h i s  was a t r u e  bronchomycosis  

(b roncho -m ycos is  f e n i s e c io r u m )  and f u r t h e r m o r e ,  t h a t  i t  was an 

o c c u p a t i o n a l  d ise a se  because o n l y  " t h e  fa rm ing  c la s s e s  were a f f e c t e d " .

The name " f a r m e r ' s  l u n g "  was proposed by P i c k l e s  (1944) who 

had n o t i c e a  t h a t  the  symptoms wh ich  appeared d u r i n g  the  w i n t e r  and were 

a s s o c i a t e d  w i t h  the  fe e d in g  o f  mouldy hay t o  housed c a t t l e ,  tended t o  

d is a p p e a r  d u r in g  the  summer when the  c a t t l e  were g r a z i n g .  T h is  led  

him t o  s p e c u la te  t h a t  i n d i v i d u a l s  who developed f a r m e r ' s  lung  had 

become s e n s i t i s e d  to  t h e  d us t  o f  mouldy hay.  As a r e s u l t  o f  a su rvey  

o f  fungous d isease s  in  B r i t a i n ,  Duncan (1945) r e j e c t e d  the  c u r r e n t  

v iew  t h a t  f a r m e r ' s  lung was a t r u e  pulmonary mycosis and proposed t h a t  

moulds ,  by t h e i r  a c t i o n  on th e  hay f i b r e ,  produced a f i n e  dus t  and t h a t  

t h i s  was the  cause o f  f a r m e r ' s  lu n g .  In s p i t e  o f  these  r e p o r t s ,  

f a r m e r ' s  lung  remained a r a t h e r  vague r e s p i r a t o r y  d i s o r d e r  u n t i l  

F u l l e r  (1953) and S tu d d e r t  (1953) p resen ted  d e t a i l s  f rom a s e r i e s  

o f  f a r m e r ' s  lung cases f rom the  s o u th -w e s t  and the  n o r th - w e s t  o f  

England r e s p e c t i v e l y .

F u l l e r  (1953) who " c o n s o l i d a t e d ,  o rg a n is e d  and d e f i n e d "  

the  a v a i l a b l e  knowledge on f a r m e r ' s  lung (250) ,  no t  o n l y  d e s c r ib e d  

the  t y p i c a l  sudden onse t  (acu te )  form o f  the d isease  in d e t a i l ,  but  

he a l s o  r e p o r te d  t h a t  t h e re  was a c h r o n i c  i r r e v e r s i b l e  form which 

a f f e c t e d  some i n d i v i d u a l s  who isad been exposed t o  mouldy hay dus t  f o r  

a number o f  y e a r s .  in  these  cases ,  the  symptoms r e s u l t e d  f rom the  

deve lopment o f  d i f f u s e  pulmonary f i b r o s i s .  S tu d d e r t  (1953) drew 

a t t e n t i o n  t o  the  f a c t  t h a t  f a r m e r ' s  lung  was r a r e l y  seen in  h o s p i t a l
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p r a c t i c e  d e s p i t e  being w e l l  reco gn ised  in  r u r a l  p r a c t i c e s  in c e r t a i n  

a reas  o f  England.  T h is  he a t t r i b u t e d  m a in ly  t o  the  r e l u c t a n c e  o f  the  

a g r i c u l t u r a l  communi ty t o  seek medical '  a t t e n t i o n  u n less  and u n t i l  they  

were s e v e r e l y  i n c a p a c i t a t e d  and,  w i t h  s p e c i f i c  re gard  t o  f a r m e r ' s  l u n g ,  

t o  the  f a c t  t h a t  t h e i r  symptoms d isappeared  d u r in g  the  summer w i t h o u t  

medical  t r e a t m e n t .  Fa rm er 's  lung was compared w i t h  o th e r  o r g a n ic  

dus t  d iseases  such as maple bark  d isease  and b y s s ln o s i s  and i t  was 

suggested  t h a t  a l l  t h r e e  were the  r e s u l t  o f  "a  n o n - s p e c i f i c  

i n t e r s t i t i a l  lung  r e a c t i o n  t o  some m a t e r i a l  in  the  fu n g ou s - la d e n  d u s t "  

(251) .  W i th  regard  t o  a e t i o l o g y ,  F u l l e r  (1953) was o f  the  o p i n i o n  

t h a t  o ve r  a p e r io d  o f  months,  and p o s s i b l y  y e a r s ,  an i n d i v i d u a l  

g r a d u a l l y  became s e n s i t i s e d  t o  mould spores or  g rass  p a r t i c l e s  and,  

t h a t  on f u r t h e r  i n h a l a t i o n  o f  these  p a r t i c l e s ,  a w idespread  pulmonary 

in f la m m a to ry  response was produced.

When the  C o l le g e  o f  General P r a c t i t i o n e r s  began t h e i r  su rvey  

o f  f a r m e r ' s  lung  in  1957, le s s  than 100 cases had been r e p o r te d  th rough '  

ou t  the  w o r ld  even a l t h o u g h  th e  d isease  had a l s o  been recogn ised  in 

France (21 4) ,  I r e l a n d  (134,  2 5 2 ) ,  Sweden (258) ,  S w i t z e r l a n d  (270) and 

in  the  U n i ted  S ta te s  o f  Amer ica (247) .  W h i le  the  su rvey  data was 

be ing  c o l l e c t e d ,  d e t a i l s  o f  a l a r g e  number o f  a c u te  cases were 

r e p o r te d  f rom the  U n i te d  S ta te s  (6 0 , 86, 259).

The f i n d i n g s  o f  the  B r i t i s h  su rvey  ment ioned above (250) 

emphasised the  importance  o f  c l i m a t e  and a g r i c u l t u r a l  husbandry 

p r a c t i c e s  in the  pa thog ene s is  o f  f a r m e r ' s  lung wh ich  was found t o  be 

much commoner in  the  w e s te r n ,  w e t t e r  upland a reas  o f  B r i t a i n  than in 

the  f l a t ,  d r y ,  e a s te r n  p a r t s .  i t  was c la im ed  t h a t  f a r m e r ' s  lung  was 

more p r e v a l e n t  in  the  west  o f  the  c o u n t r y  because the  r a i n f a l l  d u r i n g  

the  hay-mak ing months was much h ig h e r  than i t  was In the  eas t  and 

the  p re v a le n c e  o f  f a r m e r ' s  lung was sa id  t o  be g r e a t e r  f o l l o w i n g  a 

wet summer than a f t e r  a d ry  one.  Hay was a s s o c ia te d  w i t h  the  

development o f  c l i n i c a l  symptoms in  more than t w o - t h i r d s  o f  the  cases 

and most o f  t l i ese  had been exposed w h i l e  they had been fe e d in g  c a t t l e .  

Most o f  the  cases were f i r s t  d iagnosed d u r in g  January ,  February  and 

March. The sudden o n s e t ,  t y p i c a l  form o f  the  d isease  was the  most 

p r e v a l e n t  a l t h o u g h  the  symtoms had developed i n s i d i o u s l y  in  s l i g h t l y  

more than o n e - t h i r d  o f  the  cases.

That  a d ia g n o s i s  o f  f a r m e r ' s  lung shou ld  s t i l l  be co n s ide re d  

even in  the  absence o f  a h i s t o r y  o f  acu te  r e s p i r a t o r y  symptoms was
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emphasised by B ishop ,  Mel n i c k  and Raine (1963).  Indeed,  in  a 

subsequent  d e t a i l e d  c l i n i c a l  i n v e s t i g a t i o n ,  Pepys and Jenk ins  (1963) 

found t h a t  r e s p i r a t o r y  symptoms had developed i n s i d i o u s l y  In most o f  

t h e i r  cases.

F a rm er 's  lung  was suspected  as being a h y p e r s e n s i t i v i t y  

d ise ase  because o f  the  c lo s e  a s s o c i a t i o n  between the  i n h a l a t i o n  o f  

mouldy hay dus t  and th e  onse t  and s e v e r i t y  o f  the  c l i n i c a l  symptoms 

(6 0 , 64, 86,  8 9 , 202) ,  T h i s  s u s p i c i o n  appeared t o  be co n f i rm e d  when 

p r e c i p i t a t i n g  a n t i b o d i e s  a g a in s t  e x t r a c t s  o f  mouldy hay were shown t o  

be p re s en t  in  th e  sera o f  a l a r g e  p r o p o r t i o n  o f  f a r m e r ' s  lung p a t i e n t s  

(201) .  I t  was p o s t u l a te d  t h a t  these  " f a r m e r ' s  lung hay" a n t i g e n s  had 

r e s u l t e d  f rom hay h av ing  heated  and moulded (201) because in bag assos is ,  

a r e s p i r a t o r y  d i s o r d e r  s i m i l a r  t o  f a r m e r ' s  lu n g ,  c l i n i c a l  symptoms were 

induced e x p e r i m e n t a l l y  o n l y  in p a t i e n t s  who had been exposed to  o v e r 

heated bagasse (38 ) .  The r e a c t i v i t y  in  t h e  sera o f  f a r m e r ' s  lung  

p a t i e n t s  was c o n f in e d  t o  the  gammaglobul in f r a c t i o n  and so was 

assumed to  be a n t i b o d y  (142,  200) .

When f a r m e r ' s  lung p a t i e n t s  w i t h  p r e c i p i t i n s  a g a i n s t  these 

" f a r m e r ' s  lung hay" a n t i g e n s  were exposed to  mouldy hay d us t  and to  

w a t e r - s o l u b l e  e x t r a c t s  o f  mouldy hay,  they  developed a c l i n i c a l  

response i d e n t i c a l  t o  the  f i e l d  d isease  (287) .  However, i n d i v i d u a l s  

v/ho d i d  not  have p r e c i p i t i n s  In t h e i r  sera were u n a f f e c t e d  by the  same 

ex p e r im en ta l  p rocedures  and so i t  was concluded t h a t  p r e c i p i t a t i n g  

a n t i b o d i e s  were necessary  f o r  the  pa thogenes is  o f  f a r m e r ' s  lung  and 

t h a t  the  p a t i e n t s  were h y p e r s e n s i t i v e  e i t h e r  t o  the  hay I t s e l f  o r  t o  

a l l e r g e n s  a s s o c ia te d  w i t h  i t .

When f a r m e r ' s  lung p a t i e n t s  in h a le d  e x t r a c t s  p repared f rom 

f r a c t i o n s  o f  mouldy hay dus t  sepa ra ted  a c c o r d in g  t o  p a r t i c l e  s i z e  in 

a wind t u n n e l ,  an a c u te  c l i n i c a l  response, was produced o n l y  by the  

e x t r a c t s  o f  the " e x t r a - c o a r s e "  and " c o a r s e "  f r a c t i o n s  (287) .  Mould 

spores wh ich  were to  be found in the  "medium" and " f i n e "  f r a c t i o n s ,  

were co n s e q u e n t l y  t ho ugh t  no t  t o  be i n v o lv e d  in the  a e t i o l o g y  o f  

f a r m e r ' s  lu n g .  Because t h e r e  were more p la n t  f ragments in the  two 

coarse  f r a c t i o n s ,  i t  was suspec ted  t h a t  g rass  f i b r e  co u ld  have been 

a l t e r e d  c h e m ic a l l y  in some way due to  the  h e a t in g  p rocess .  However, 

no c l i n i c a l  r e a c t i o n  was produced when e x t r a c t s  o f  a u to c la v e d  "good"  

hay were in h a le d  by f a r m e r ' s  lung  p a t i e n t s  and so W i l l i a m s  (1963) 

agreed w i t h  the  v iew  p r e v i o u s l y  expressed by Pepys and h i s  c o l le a g u e s



(15)62) t h a t  i t  was a c o m b in a t io n  o f  h e a t i n g  and mou ld ing  wh ich  changed 

"good"  hay i n t o  " f a r m e r ' s  lung  p ro d u c in g "  hay.

Gregory and Lacey (1963) compared the  m i c r o b i o l o g i c a l  f l o r a  

o f  "good" hays w i t h  those  o f  " f a r m e r ' s  lung a s s o c i a t e d "  hays t o  s tudy  

the  r o l e  t h a t  the  m i c r o b i o l o g i c a l  components o f  mouldy hay dus t  m igh t  

p la y  in  the  pa thogenes is  o f  f a r m e r ' s  lu ng .  A l t h o u g h  no d i f f e r e n c e  was 

found in  the  amount o f  herbage f ragments  in the  d u s t  o f  the  two types 

o f  hay,  a s p e c i f i c  f e a t u r e  o f  the  f a r m e r ' s  l u n g - a s s o c ia te d  group was 

the  ve ry  l a r g e  number o f  t h e r m o p h i l i c  a c t i n o m y c e te  sp o re s ,  in  

p a r t i c u l a r  those o f  M. f a e n i  and T. v u l g a r i s  (50 ) .  Lacey and Lacey 

(1964) re p o r te d  t h a t  t h e r e  co u ld  be up to  1600 m i l l i o n  t h e r m o p h i l i c  

a c t i n o m y c e te  spores per  c u b i c  metre o f  a i r  when mouldy hay was shaken 

ou t  and they  e s t im a te d  t h a t  a man do ing  l i g h t  work in such an 

atmosphere cou ld  r e t a i n  up t o  t h r e e  q u a r t e r s  o f  a m i l l i o n  spores per 

m inu te  in h i s  lu n gs .  The spores o f  M. fa e n i  and T. v u l g a r i s  have a 

d iam e te r  o f  one t o  two m ic rons  (10) and so can p e n e t r a te  r i g h t  down 

i n t o  the  p e r i p h e r a l  gas -exchang ing  p a r t s  o f  the  lungs where the  

t y p i c a l  p a t h o l o g i c a l  l e s i o n s  o f  f a r m e r ' s  lung a re  t o  be found (71,

234) .

The c o n n e c t i o n  between t h e r m o p h i l i c  a c t Î nomycetes atid 

f a r m e r ' s  lung  was f i n a l l y  e s ta b i s h e d  when i t  was found t h a t  " f a r m e r ' s  

lung hay" a n t i g e n s  o n l y  deve loped  In s t e r i l e  hays t h a t  had been 

in o c u la te d  w i t h  t h e r m o p h i l i c  a c t i n o m y c e te s  p r i o r  t o  t h e i r  i n c u b a t io n  

(19 9 ) .  When in o c u la  o f  i n d i v i d u a l  a c t i no m y c e te  spec ies  were used, 

a lm o s t  a l l  the  " f a r m e r ' s  lung  hay" a n t i g e n  a c t i v i t y  was a s s o c ia te d  

w i t h  M. fa e n i  and T . v u l g a r i s. C l i n i c a l  symptoms s i m i l a r  t o  those  o f  

the  n a t u r a l l y  o c c u r r i n g  d ise ase  developed in  f a r m e r ' s  lung p a t i e n t s  

a f t e r  they  had been a e r o s o l i s e d  w i t h  a c a r b o l -sa 1 i ne e x t r a c t  made f rom 

a pure c u l t u r e  o f  M. f a e n i . When ch a l le n g e d  in  a s i m i l a r  manner,  a 

s i n g l e  p r e c i p i t i n - n e g a t i v e  i n d i v i d u a l  e xpe r ienced  no adverse  c l i n i c a l  

r e a c t i o n .  These f i n d i n g s  appeared to  c o n f i r m  t h a t  f a r m e r ' s  iung was 

a h y p e r s e n s i t i v i t y  d ise ase  and t h a t  s e n s i t i s a t i o n  f o l l o w e d  the 

i n h a l a t i o n  o f  the  spores  o f  the  t h e r m o p h i l i c  a c t i n o m y c e t e s , in  

p a r t i c u l a r  those  o f  M. f a en I . S ince  p r e c i p i t a t i n g  a n t i b o d i e s  

appeared to  be necessary  f o r  the  development o f  the  a cu te  d is e a s e ,  i t  

was conc luded  t h a t  f a r m e r ' s  lung r e s u l t e d  f rom a type  I I I ,  o r  A r t h u s -  

t y p e ,  h y p e r s e n s i t i v i t y  r e a c t i o n  (196) .

The s i m i l a r i t y  between the  h i s t o p a t h o l o g i c a 1 l e s i o n s  found 

in  an e a r l y ,  a c u t e ,  f a t a l  case o f  f a r m e r ' s  lung  and those  o f
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e x p e r i m e n t a l l y  produced A r t h u s - t y p e  r e a c t i o n s  in the  lungs  o f  r a b b i t s  

(232) prompted B a r r o v v c l i f f  and A rb i  a s t e r  ( I 968) t o  endorse the  v iew 

t h a t  a c u te  f a r m e r ' s  lung  was the  r e s u l t  o f  a type  I I I  h y p e r s e n s i t i v i t y  

r e a c t i o n .  However,  a s t r i k i n g  f e a t u r e  o f  lung  b i o p s ie s  taken 

r o u t i n e l y  f rom suspec ted  cases o f  f a r m e r ' s  lung  was the l a r g e  numbers 

o f  mononuc lear  c e l l s  t h a t  had i n f i l t r a t e d  the a l v e o l a r  septa and w a l l s  

( 71 , 2 34 , 259) .  T h i s  t o g e t h e r  w i t h  the  presence o f  " t u b e r c u l o i d "  

g ranu lomata  led  seve ra l  wo rke rs  t o  suggest  t h a t  a t ype  IV,  o r  de layed  

t y p e ,  h y p e r s e n s i t i v i t y  r e a c t i o n  c o u ld  a l s o  be i n v o lv e d  in  the  

pa th og ene s is  o f  f a r m e r ' s  lung (30, 71. 234),

M a in l y  as a r e s u l t  o f  the  survey  r e p o r te d  by S ta in e s  and 

Forman (1961),  f a r m e r ' s  lung became a p r e s c r i b e d  d ise ase  in  1965 under 

the  N a t io n a l  in su rance  ( i n d u s t r i a l  i n j u r i e s )  A c t  and,  f o r  the purposes 

o f  t h i s  A c t ,  has been d e f i n e d  as a "pu lm o na ry  d isease  due t o  the  

i n h a l a t i o n  o f  dus t  o f  mouldy hay or  o f  o th e r  mouldy v e g e ta b le  produce ,  

and c h a r a c t e r i s e d  by symptoms and s ig ns  a t t r i b u t a b l e  t o  a r e a c t i o n  in 

the  p e r i p h e r a l  p a r t s  o f  the  b roncho -pu lm onary  system, and g i v i n g  r i s e  

to  a d e f e c t  in gas exchange" (171) .

Since  the  d i s c o v e r y  o f  f a r m e r ' s  lu n g ,  a l a r g e  number o f  

r e s p i r a t o r y  d iseases  w i t h  s i m i l a r  c l i n i c a l  symptoms and m ic r o s c o p ic  

lung  l e s i o n s  have been d e s c r ib e d  (48,  111, 181, 196).  I t  has been 

proposed t h a t  these c o n d i t i o n s  be grouped t o g e t h e r  and c a l l e d  

" e x t r i n s i c  a l l e r g i c  a l v e o l i t i s "  s in c e  the  o n l y  obv ious  d i f f e r e n c e  

between them is  the  e x c i t i n g  o r g a n i c  dus t  ( I 96) .  P u re l y  f rom the  

p a t h o l o g i c a l  p o i n t  o f  v ie w ,  e x t r i n s i c  a l l e r g i c  pneumonia (234) o r  

e x t r i n s i c  a l l e r g i c  b r o n c h i o l o - a l v e o l i t  is  (230) i s  a more p r e c i s e  

term because s i g n i f i c a n t  l e s i o n s  can be p re sen t  in  the  r e s p i r a t o r y  

b r o n c h io l e s  as w e l l  as In the  p e r i p h e r a l  gas-exchang in g  t i s s u e s .  

F a rm e r 's  lung  i s  f r e q u e n t l y  used as the  type  example o f  e x t r i n s i c  

a 11 erg  i c  a l v e o l i t  i s .

S ince  a t y p e  111 h y p e r s e n s i t i v i t y  r e a c t i o n  i s  dependent  

upon the  presence o f  p r e c i p i t a t i n g  a n t i b o d i e s  (4 9 ) ,  i t  shou ld  be 

p o s s i b l e  t o  t r a n s f e r  t h i s  form o f  r e a c t i v i t y  f rom a s e n s i t i s e d  

i n d i v i d u a l  t o  a non-sens i t i s e d  r e c i p i e n t  w i t h  serum a lo n e .  When 

Hens ley  and o th e r s  (1974) t r a n s f e r r e d  serum from monkeys s e n s i t i s e d  

w i t h  p igeon serum t o  r e c i p i e n t  an im a ls  and s u bs e q ue n t l y  c h a l le n g e d  

both  groups w i t h  an a e ro s o l  o f  p igeon serum, they found i d e n t i c a l  

l e s i o n s  in both  donor and r e c i p i e n t  monkeys. F u r th e rm o re ,  these
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changes were s i m i l a r  t o  those  o f  e x t r i n s i c  a l l e r g i c  a l v e o l i t i s  

( f a r m e r ' s  lung d i s e a s e ) .  The presence o f  v a s c u l i t i s ,  wh ich  Is a 

c h a r a c t e r i s t i c  f e a t u r e  o f  a type  I I I h y p e r s e n s i t i v i t y  r e a c t i o n ,  

t o g e t h e r  w i t h  the  presence o f  immunoglobu l ins  and complement (C3) 

w i t h i n  and s u r ro u n d in g  medium s ize d  b lood  v e s s e ls  was re p o r te d  

f o l l o w i n g  im m u n o h i s to lo g i c a 1 s t u d i e s  o f  lung b io p s ie s  f rom two 

p a t i e n t s  taken im m ed ia te ly  a f t e r  an a cu te  ep isode o f  f a r m e r ' s  

lung  (94 ) .  T h e r e f o r e ,  i t  would appear  t h a t  a p r e c i p i t i n - m e d i a t e d  

t i s s u e  damaging h y p e r s e n s i t i v i t y  r e a c t i o n  ( type I I I )  Is Inv o lv e d  in 

the  pa thogenes is  o f  c l a s s i c a l  a c u te  f a r m e r ' s  lung .

Jones (1970) conc luded  t h a t  f a r m e r ' s  lung was the  r e s u l t  o f  

a complex h y p e r s e n s i t i v i t y  r e a c t i o n  s in c e  m ic r o s c o p ic  changes 

a s s o c i a te d  w i t h  both t y pe  I I I  and t ype  IV h y p e r s e n s i t i v i t y  r e a c t i o n s  

were p resen t  in  the  lungs  o f  r a b b i t s  s e n s i t i s e d  t o  H. fa e n i  a f t e r  

exp e r im e n ta l  c h a l l e n g e .  I t  i s  now recogn ised  t h a t  " t u b e r c u l o i d "  

g ranu lomata  a re  no t  s p e c i f i c a l l y  a s s o c ia te d  w i t h  a type  IV r e a c t i o n  

because they  can a l s o  r e s u l t  f rom the  p r e c i p i t a t i o n  o f  i n s o l u b l e  

a n t i g e n - a n t i  body complexes in a t ype  111 r e a c t i o n  under c o n d i t i o n s  o f  

a n t i b o d y  excess (46,  248 ) .  D esp i te  d e m o n s t ra t i n g  t h a t  r e s p i r a t o r y  

t r a c t  lymphocytes  f rom r a b b i t s  s e n s i t i s e d  t o  M. fa e n i  were capab le  o f  

p ro du c in g  m i g r a t i o n  i n h i b i t i o n  f a c t o r ,  Kawai and h i s  c o l le a g u e s  (1973) 

c i t e d  o th e r  w o rke rs  who i n d i c a t e d  t h a t  the p r o d u c t i o n  o f  t h i s  f a c t o r  

was not  a s p e c i f i c  i n d i c a t o r  o f  de layed  h y p e r s e n s i t i v i t y  and "can  o n l y  

be regarded as the  p ro d u c t  o f  an immunologic r e a c t i o n  o f  unde te rm ined  

t y p e " .  A l t h o u g h  t y p e  IV h y p e r s e n s i t i v i t y  does p ro b a b ly  p lay  a r o l e  

in  the  pa thogenes is  o f  f a r m e r ' s  lu n g ,  c o n c l u s i v e  p r o o f  o f  i t s  i m p o r t 

ance i s  s t i l l  l a c k i n g .

I t  has a l s o  been suggested  t h a t  a type  I I  r e a c t i o n  is 

in v o lv e d  in  the p a thogenes is  o f  f a r m e r ' s  lung  because o f  the  absence 

o f  n e c r o t i s i n g  in f la m m a to ry  l e s i o n s  in the  venu le s  and the  smal l  

numbers o f  n e u t r o p h i l s  in  some lung b io p s ie s  (278) .  Th is  was 

co n s id e re d  p roba b le  s in c e  a ma jo r  component o f  " f a r m e r ' s  lung a n t i g e n "  

is  p o l y s a c c h a r id e  and some b a c t e r i a l  p o l y s a c c h a r id e s  a re  p a r t i c u l a r l y  

adept  a t  f i x i n g  o n to  c e l l s  (4 9 ) .  However, i t  is  d i f f i c u l t  t o  

i n t e r p r e t ,  w i t h  an a b s o lu t e  degree o f  c e r t a i n t y ,  h i s t o p a t h o l o g i c a 1 

changes found In lung b iopsy  m a t e r i a l  when the  t im e  o f  the  p a t i e n t ' s  

l a s t  exposure  t o  the  a l l e r g e n s  is  unknown.

A l t h o u g h  c l i n i c a l  symptoms and s ig n s  s u g g e s t i v e  o f



b r o n c h ia l  asthma are  no t  p a r t  o f  the  t y p i c a l  a cu te  f a r m e r ' s  lung 

p i c t u r e  (60, 71, 109),  Pepys and Jenk ins  (1965) d id  f i n d  severa l

p a t i e n t s  who developed an im m ed ia te - type  r e s p i r a t o r y  response.

I n i t i a l l y ,  the  r e s p i r a t o r y  s ign s  had developed i n s i d i o u s l y  and,  a f t e r  

f u r t h e r  exposure ,  the  p a t i e n t s  deve loped  t y p i c a l  a c u te  ep isodes  b e fo re  

pass ing  i n t o  an im m ed ia te - type  response phase. As these  were a lm os t  

c e r t a i n l y  n o n - a t o p i c  i n d i v i d u a l s ,  these  im m ed ia te - type  r e a c t i o n s  a re  

l i k e l y  to  have been med ia ted  by I gG s h o r t - t e r m  a n t i b o d y  (197) aiid no t  

by serum IgE, the  l e v e l s  o f  wh ich  a re  known t o  be w i t h i n  the  normal 

range in f a r m e r ' s  lung  p a t i e n t s  (223) .

The M. f a eni  a n t i g e n s  r e s p o n s ib l e  f o r  f a r m e r ' s  lung were

g e n e r a l l y  co ns ide red  t o  be d e r i v e d  f rom spores s in c e  the  onse t  o f  

c l i n i c a l  symptoms deve loped  w i t h i n  a few hours o f  a s e n s i t i s e d  

i n d i v i d u a l ' s  be ing  exposed to  mouldy hay d u s t .  However, Walbaurn, 

B ig ue t  and Tran Van Ky (1969) r e p o r te d  t h a t ,  w i t h  sera f rom c l i n i c a l  

cases o f  f a r m e r ' s  lu n g ,  p r e c i p i t a t i o n  r e a c t i o n s  developed w i t h  

a n t i g e n i c  f r a c t i o n s  o f  M. f a e n i  p repared f rom medium (m e ta b o l i c  

e x t r a c t )  bu t  no t  f rom those  p repared  f rom myce l ium and spores .( soma 1 

e x t r a c t ) .  I t  c ou ld  be c o n c lu d e d ,  t h e r e f o r e ,  t h a t  the  spores them

se lve s  were not  p a r t i c u l a r l y  a n t i g e n i c  and,  s in c e  many o f  the  m e ta b o l i c  

a n t i g e n s  had e nzym at ic  a c t i v i t y ,  t h a t  the  p a t i e n t  had become s e n s i t i s e d  

t o  m e ta b o l i c  p ro d u c t s .  T h is  c ou ld  have o cc u r re d  as a r e s u l t  o f  the  

g e r m in a t i o n  o f  p r e v i o u s l y  i n h a le d  spores .  M. fae n i  has been grown 

f rom a lung b iopsy  taken im m ed ia te ly  a f t e r  an a cu te  ep isode  o f  f a r m e r ' s  

lung (280) and T. v u l g a r i s  has been i s o l a t e d  f rom a lung  b io psy  a f t e r  

an i l l n e s s  o f  s i x  months d u r a t i o n  (279)■ V i a b l e  spores o f  M. fae n i  

have been recovered  f rom lung t i s s u e  and f rom macrophages f o r  up to  

59 days a f t e r  guinea p igs  had been exposed by the  a e roso l  r o u t e ,  

whereas the  spores o f  A. fum ig a tu s  and Cand i da a 1b i cans were c o m p le te l y  

de s t ro y e d  by a l v e o l a r  macrophages w i t h i n  a few days o f  t h e i r  be ing 

a d m in i s t e r e d  (269) .  C on seq uen t ly ,  i t  can be sa id  t h a t  M. fa e n i  and 

T . v u l g a r i s  do have the  a b i l i t y  t o  s u r v i v e  in the  lung w i t h o u t  t h e i r  

c a p a c i t y  t o  ge rm in a te  be ing  a d v e r s e l y  a f f e c t e d  t o  any s i g n i f i c a n t  

degree.  That  the  spores o f  M. f a e n i were a b le  t o  ge rm ina te  a c t u a l l y  

in  the  lungs was co n f i rm e d  by V o i s i n  and h i s  c o l le a g u e s  (1971) who 

re p o r te d  t h a t  they  had seen m y c e l i a l  p r o l i f e r a t i o n  o f  M. fa e n i  in 

pulmonary smears f rom guinea p igs  p r e v i o u s l y  t r e a t e d  w i t h  a n t i 

macrophage serum. T h is  co n f i rm e d  t h a t  M. fa e n i  had the  a b i l i t y  t o  

g row in  the  lungs  o f  guinea p ig s  a l t h o u g h ,  i n  t h i s  c o n t e x t ,  i t  must be 

s t a t e d  t h a t  the  lung  defence  mechanisms o f  the  a n im a ls  used were no t
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f u l l y  f u n c t i o n a l .

As w e l l  as f a i l i n g  t o  o b t a i n  s e r o l o g i c a l l y  a c t i v e  m a t e r i a l  

f rom spore p r e p a r t  io n s ,  F l e t c h e r  and Rondle (1973) a l s o  r e p o r te d  t h a t  

these p r e p a r a t i o n s  d id  no t  remove a n t i b o d y  a c t i v i t y  f rom f a r m e r ' s  

lung  se ra .  Edwards (1970; 1972) i d e n t i f i e d  a n t i b o d i e s  a g a i n s t  two

a n t i g e n s  t h a t  were so hea t  l a b i l e  t h a t  the  became dena tu red  a f t e r  o n l y  

a s h o r t  p e r io d  a t  t h e  tem pe ra tu re  needed f o r  M. fa e n i  t o  deve lo p  

(50°C) .  These a n t i g e n s  cou ld  be demonstra ted  in p r e p a r a t i o n s  made 

f rom l a b o r a t o r y  c u l t u r e s  o f  M. fa e n i  but  not  in  e x t r a c t s  o f  mouldy hay, 

T h e r e f o r e ,  i t  appeared t h a t  h y p e r s e n s i t i v i t y  developed f o l l o w i n g  

exposure  t o  m y c e l i a l  a n t i g e n s  e i t h e r  c a r r i e d  i n t o  the  lungs adsorbed 

on to  funga l  and a c t i n o m y c e te  spores o r  p l a n t  m a t e r i a l ,  or  more l i k e l y  

the y  were produced in t h e  lungs by g e rm in a t i n g  spores .

Many o f  t h e  M. f a e n i  a n t i g e n s  have s in c e  been shown t o  have 

en zym at ic  a c t i v i t y  (29) and i t  would appear t h a t  those  w i t h  

c h y m o t r y p s i n - 1 i k e  a c t i v i t y  a re  the  most a n t i g e n i c  (272) .  I t  has been 

known f o r  some t im e  t h a t  a l l e r g i c  r e s p i r a t o r y  d isease  can f o l l o w  the  

i n h a l a t i o n  o f  b a c t e r i a l  p ro te in a s e s  in  modern washing  powders (24,  87) 

and in  the  c o t t o n  s p i n n in g  i n d u s t r y  (240) as can the  i n h a l a t i o n  o f  

bov ine  t r y p s i n  and c h y m o t r y p s in  (298) .  Whether o r  no t  these  enzymes 

do produce d i r e c t  damage Is no t  known a t  p re sen t  b u t ,  r e g a r d in g  

p igeon b r e e d e r ' s  d is e as e  o n l y ,  Barrens  and Gu ikers  (1972a) i s o l a t e d  

and p u r i f i e d  a s p e c i f i c  enzyme p ro d u c t  f rom the  g a s t r o - i n t e s t I n a 1 

t r a c t  o f  p igeons and c o n s id e re d  t h a t  human lungs would be r e l a t i v e l y  

d e fe n c e le s s  a g a i n s t  the  a c t i o n  o f  t h i s  enzyme s in c e  i t  was no t  

I n h i b i t e d  by human serum. However, ds H a l l e r  (1975) conc luded t h a t  

the  enzymes produced by M. fa e n i  behaved p u r e l y  as a n t i g e n s  and 

t h a t  they  d id  no t  damage the  lungs  d i r e c t l y  because the  l e s i o n s  

produced f o l l o w i n g  t h e i r  e x p e r im en ta l  I n t r o d u c t i o n  i n t r a - c r a c h e a l 1 y 

were not  s i m i l a r  to  those  o f  f a r m e r ' s  lung .

C o n s id e r a t i o n  must a l s o  be g iven  t o  the  f a c t  t h a t  the 

i n h a l a t i o n  o f  ch y m o t r y p s in  cou ld  have a d e t e c t a b l e  pha rm aco lo g ica l  

e f f e c t  in the  lungs  o f  f a r m e r ' s  lung p a t i e n t s  because i t  has been 

c la im ed  t h a t  b r o n c h o - c o n s t r i c t I  on was produced in  the  lungs o f  dogs 

and c a ts  e x p e r i m e n t a l l y  exposed t o  t h i s  enzyme (96 ) .  i t  i s  obv ious  

t h a t  " f u r t h e r  i n v e s t i g a t i o n s  a re  needed t o  c l a r i f y  the  enzym at ic  and

the  pha rm aco log ica l  e f f e c t s  o f  the exogenous p r o t e i n a s e s "  o f  M_. f  aen i

on the  r e s p i r a t o r y  t r a c t  (183) t o g e t h e r  w i t h  t h e i r  i n t e r a c t i o n  w i t h
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t he  p r o te i n a s e  i n h i b i t o r s  o f  the hos t  and t h e i r  Impor tance  in  the  

pa th og ene s is  o f  f a r m e r ' s  lu n g .

D is c u s s io n s  re g a r d in g  the  importance  o f  the  i n d i v i d u a l  

h y p e r s e n s i t i v i t y  r e a c t i o n s  In th e  a e t i o l o g y  o f  f a r m e r ' s  lung have been 

somewhat over -shadowed by the  f i n d i n g  t h a t  mouldy hay dus t  i t s e l f  can 

induce the  deve lopment o f  symptoms and s ig ns  o f  f a r m e r ' s  lung (68 ) .  

D e s p i t e  the  absence o f  p r e c i p i t i n s  in the  sera o f  a f a r m e r ' s  lung 

p a t i e n t  a g a i n s t  mouldy c e re a l  d us t  and e x t r a c t s  o f  organ isms p re s e n t  in  

i t ,  f u r t h e r  exposure  t o  the  ce rea l  dus t  led  to  a r e c u r re n c e  o f  h i s  

symptoms. I t  was a l s o  dem ons t ra ted  t h a t  mouldy hay dus t  was capab le  

o f  a c t i v a t i n g  the  a l t e r n a t i v e  pathway o f  complement u t i l i s a t i o n  (98) 

so bypass ing  th e  need f o r  immune complexes t o  m ed ia te  the  c l a s s i c a l  

immunologica l  pathway o f  complement a c t i v a t i o n .  These f i n d i n g s  

t o g e t h e r  w i t h  the  f a c t  t h a t  h Î s t o p a t h o l o g i c a 1 l e s i o n s  s i m i l a r  t o  those 

o f  f a r m e r ' s  lung  had been found in the  lungs o f  guinea p igs  and r a b b i t s  

f o l l o w i n g  a s i n g l e  exposure  t o  mouldy hay dus t  and M. fa e n i  (295) 

conv inced  Edwards and h i s  c o l l e a g u e s  (1974) t h a t  mouldy hay dus t  was 

p a th o g e n ic  in  i t s  own r i g h t .

I f  the  d us t  and complement were to  i n t e r a c t  on the  s u r f a c e  o f  

c e l l s ,  the se  c e l l s  c o u ld  d i e  and the  r e s u l t a n t  m i c r o s c o p i c  changes 

wou ld  be i d e n t i c a l  t o  a t ype  I !  h y p e r s e n s i t i v i t y  r e a c t i o n  (6 8 ) .  I f  

the  c e l l s  a d ja c e n t  t o  th e  dus t /com p lem en t  i n t e r a c t i o n  were not  a f f e c t e d  

and n e u t r o p h i l s  were a t t r a c t e d  by the  f i n a l  sequence o f  complement 

f i x a t i o n ,  then m i c r o s c o p i c  changes s i m i l a r  t o  a type  I I I  h y p e r s e n s i t i 

v i t y  r e a c t i o n  would  r e s u l t  (6 8 ) .  I t  i s  a l s o  p o s s i b l e  t h a t  lung damage 

co u ld  r e s u l t  f rom the  d i r e c t  t o x i c  e fF e c t  o f  mouldy hay dus t  on c e l l s  

and a l s o  i t s  e f f e c t  on macrophages,  perhaps by s t i m u l a t i n g  them to  

re le a s e  h y d r o la s e s  (68 ) .

From th e  e v id en ce  p resen ted  above,  i t  i s  obv ious  t h a t  

immuno log ica l  and non - im m uno lo g ica l  components a re  i n v o l v e d  in the  

pa thogenes is  o f  f a r m e r ' s  lung and t h a t  both a re  l i k e l y  t o  be 

g e n e t i c a l l y  p re d e te rm in e d .  Expe r im en ta l  s t u d ie s  have co n f i rm e d  t h a t ,  

under i d e n t i c a l  c o n d i t i o n s  o f  s e n s i t i s a t i o n ,  i n d i v i d u a l  r a b b i t s  va ry  

g r e a t l y  in  t h e i r  a b i l i t y  t o  produce p r e c i p i t a t i n g  a n t i b o d i e s  (36) and 

i t  has been proposed t h a t  the  same Is a l s o  t r u e  in man (277) .  i t  has 

a l s o  been suggested  t h a t  p a t i e n t s  w i t h  p igeon b r e e d e r ' s  d isease  and,  

perhaps a l l  p a t i e n t s  w i t h  e x t r i n s i c  a l l e r g i c  a l v e o l i t i s ,  have an 

i n t r i n s i c a l l y  h i g h l y  l a b i l e  by-pass  mechanism f o r  complement



a c t i v a t i o n  (2 8 ) .  The r e l a t i v e  importance  o f  these two pathways o f  

complement a c t i v a t i o n  in  the  development o f  f a r m e r ' s  lung in  a 

p a r t i c u l a r  i n d i v i d u a l  is  l i k e l y  to  be dependent  upon the  

immuno logical  r e a c t i v i t y  o f  the  s u b j e c t  t o g e t h e r  w i t h  the  p e r i o d i c i t y  

and w e ig h t  o f  h i s / h e r  exposure  t o  the  a l l e r g e n  c o n t a i n i n g  d u s t .



CHAPTER 2

THE CLINICAL AND EPIDEMIOLOGICAL FEATURES OF 

FARMER'S LUNG IN CATTLE



GENERAL INTRODUCTION

In h i s  r e v ie w  o f  f a r m e r ' s  l u n g ,  F u l l e r  ( i953 )  c o n s ide red  

t h e r e  t o  be t h r e e  c l i n i c a l  phases.  F i r s t l y ,  t h e r e  was a s i n g l e ,  

a c u te  ep isode  in wh ich  the  severe  c o n s t i t u t i o n a l  symptoms appeared to  

be more d i s t r e s s i n g  t o  the p a t i e n t  than the r e s p i r a t o r y  a b n o r m a l i t i e s .  

Many p a t i e n t s  were s a id  t o  re c o v e r  f rom such ep isodes  w i t h o u t  a p r e c i s e  

d ia g n o s i s  hav ing  been made. in  the  second phase,  the  most common 

symptoms, wh ich  were b r e a th le s s n e s s  and n o n - p r o d u c t i v e  c o ugh ing ,  

became p r o g r e s s i v e l y  worse as exposure  t o  the  dus t  c o n t i n u e d .

P a t i e n t s  u s u a l l y  recovered  f rom phases one and two p ro v ide d  t h a t  

f u r t h e r  exposure  to  the  dus t  was a v o id e d .  E x e r t i o n a l  dyspnoea was 

the  most common symptom o f  the. t h i r d  o r  c h r o n i c  phase wh ich  was 

i r r e v e r s i b l e  due to  the  development  o f  d i f f u s e  pulmonary f i b r o s i s .  

However,  even d u r i n g  the  c h r o n i c  s ta g e ,  acu te  ep isodes  c ou ld  s t i l l  

deve lop  i f  t h e r e  v;as f u r t h e r  exposu re  to  mouldy hay d u s t .  F a rm er 's  

lung was co n s id e re d  t o  be a sudden o nse t  r e s p i r a t o r y  d isease  u n t i l  

S ta in e s  and Forman (1961) r e p o r te d  t h a t  the c l i n i c a l  symptoms had 

deve loped i n s i d i o u s l y  in  a s i g n i f i c a n t  p r o p o r t i o n  (39%) o f  the  cases 

abou t  wh ich  they  had d e t a i l e d  i n f o r m a t i o n .  Pepys and Jenk ins  (1 965 ) ,  

who c l a s s i f i e d  t h e i r  l a r g e  s e r i e s  o f  cases a c c o r d in g  t o  the  mode o f  

onse t  o f  the  d i s e a s e ,  found t h a t  symptoms had developed I n s i d i o u s l y  In 

most o f  them (68%). However, a p r o p o r t i o n  (27%) o f  these  

s u bs e q u e n t l y  deve loped  an a c u te  ep isode  on f u r t h e r  exposure  t o  mouldy 

hay .  When c l i n i c a l  e v idence  o f  a i rw a y s  o b s t r u c t i o n  was c o n f i rm e d  in  a 

number o f  c h r o n i c  cases (109,  2 50 ) ,  i t  c o n t r a d i c t e d  the  w i d e l y  he ld  

v ie w  t h a t  the t i s s u e - d a m a g in g  r e a c t i o n s  were w h o l l y  c o n f i n e d  to  

the  p e r i p h e r a l  p a r t s  o f  the  lungs  concerned w i t h  gas exchange (30 ) .

S ince the  o r i g i n a l  r e p o r t s  o f  f a r m e r ' s  lung f rom B r i t a i n ,  

the  d ise ase  has been d e s c r ib e d  in a lm os t  every  tem pera te  c o u n t r y  

where c a t t l e  a re  housed d u r i n g  the  w i n t e r  and so the  c l i n i c a l  

symptoms and s ig n s  o f  the  d isease  have been w e l l  documented 

(Tab le  1) .

Fa rm er 's  lung is  u s u a l l y  d iagnosed  in  w i n t e r  and s p r i n g  

and ,  in  many i n s t a n c e s ,  the  p a t i e n t  has been f e e d in g  mouldy hay to  

c a t t l e  (250) .  When P i c k l e s  (1944) and S tu d d e r t  (1953) drew a t t e n t i o n  

t o  th e  s i m i l a r i t y  between the  c l i n i c a l  f e a t u r e s  o f  f a r m e r ' s  lung in  man
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TABLE ]

The main c l i n i c a l  symptoms and s ig ns  o f  a c u te  and c h r o n i c  

f a r m e r ' s  lung in  man.

C l i n i c a l  Symptoms 
and Signs A c u te  Form C hron ic  Form

Respi r a t o r y Dyspnoea P ro g r e s s i v e  B re a th le s s n e s s

Cough ing

T i g h tn e s s  ac ross  
ch e s t

Crep i  t a t  i ons

Frequent  coughing

Const  i t u t  i ona 1 Fever ( 1 0 0 - l 0 l ° F )  

N ig h t  swea t ing  

Headache 

A n o re x ia

Weight  lo s s

Weakness 

Weigh t  lo s s

A f t e r  Campbel l  (1932)

D i c k i e  and Rankin  (1958) 

F u l l e r  (1 953)

Hapke and o t h e r s  (1968) 

Pepys and Jenk ins  (1965) 

S ta in e s  and Forman (1961) 

S tu d d e r t  (1953)



and broken w ind in  the  h o rse ,  both commented t h a t  farm an im a ls  be ing  

fed  mouldy hay were l i k e l y  t o  be exposed t o  g r e a t e r  amounts o f  dus t  

than t h e i r  a t t e n d a n t s .  Mann and M i a l l  (1952) reco rded  t h a t  the  hay 

wh ich  had induced a c u te  f a r m e r ' s  lung in a c a t t l e m a n  m igh t  a l s o  have 

been r e s p o n s ib l e  f o r  the  w idespread  coughing  t h a t  had developed a t  the  

same t im e  in the  cows.

Jenk ins  and Pepys (1965) cons ide red  i n i t i a l l y  t h a t  the  bov ine  

d iseases  b r o n c h i o l i t i s  o b l i t e r a n s  (139,  267) and A lP  ( fog  f e v e r )  were 

e q u i v a l e n t  t o  the  human r e s p i r a t o r y  d i s o r d e r s  a c u te  f a r m e r ' s  lung  and 

asthma r e s p e c t i v e l y .  However, f o l l o w i n g  an i n v e s t i g a t i o n  o f  the  

p re va le n ce  o f  p r e c i p i t i n s  t o  M. f a e n i in  sera f rom housed c a t t l e ,  they  

conc luded t h a t  one form o f  fog  f e v e r  was s i m i l a r  t o  a cu te  f a r m e r ' s  

lung  ( 132) .  The c l i n i c a l  and p a t h o l o g i c a l  c r i t e r i a  on wh ich  fog  

f e v e r  had been diagnosed were no t  g iven  and c o n s e q u e n t l y ,  the  o n l y  

ev id ence  t h a t  a f a r m e r ' s  l u n g - l i k e  d isease  m igh t  a f f e c t  c a t t l e  was the

presence o f  p r e c i p i t i n s  to  M. f a e n i  in  the  sera o f  some an im a ls  wh ich

had developed r e s p i r a t o r y  d ise ase  w h i l e  being  fed mouldy hay.

A l th o u g h  f a r m e r ' s  lung  had been recogn ised  in  1932 in  farm worke rs  who 

looked  a f t e r  c a t t l e ,  a lm o s t  40 years  passed b e fo re  a s i m i l a r  c o n d i t i o n  

was co n f i rm e d  c l i n i c a l l y  and p a t h o l o g i c a l l y  in the  a n im a ls  themselves 

(207) .

The c l i n i c a l  and e p i d e m io lo g i c a l  f e a t u r e s  o f  f a r m e r ' s  lung  

in  c a t t l e  w i l l  be p resen ted  in  t h r e e  p a r t s ;

S e c t io n  I :  t h e  h i s t o r y  and c l i n i c a l  f i n d i n g s  f rom f o u r

i n c i d e n t s  in wh ich  f a r m e r ' s  lung p resen ted  

as a group  or  herd problem.

S e c t io n  11: t h e  c l i n i c a l  a b n o r m a l i t i e s  o f  45 i n d i v i d u a l

cases o f  f a r m e r ' s  lun g .

S e c t io n  111: th e  e p i d e m io lo g i c a l  d e t a i l s  o f  these  45

i n d i v i d u a l  cases o f  f a r m e r ' s  lun g .
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SECTION I

FARMER'S LUNG IN CATTLE AS A GROUP DISEASE

MATERIALS AND METHODS

(1) S e l e c t i o n  o f  c a t t l e

Dur ing  the  w i n t e r  hous ing  p e r i o d ,  severa l  cows in f o u r  d a i r y  

herds deve loped  c l i n i c a l  s ig ns  o f  r e s p i r a t o r y  d isease  

s i m u l t a n e o u s l y .  In herds 1 and 2, an undiagnosed r e s p i r a t o r y  

c o n d i t i o n  was c o n f i rm e d  as being  f a r m e r ' s  lung  d is e a s e ,  bu t  w i t h  

herds 3 and 4,  the  genera l  p r a c t i t i o n e r s  concerned suspected  

f a r m e r ' s  lung and asked f o r  c o n f i r m a t i o n  o f  t h e i r  d iagnoses .

(2) C l i n i c a l  f i n d i n g s

i n d i v i d u a l  a n im a ls  w i t h  s igns  o f  r e s p i r a t o r y  d isease  were 

examined on the  farm and,  when any were purchased f o r  f u r t h e r  

s t u d y ,  they  were examined a ga in  on adm iss ion  t o  the  V e t e r i n a r y  

Schoo l .  I t  i s  the  f i n d i n g s  f rom t h i s  second e xam ina t io n  th a t  

a re  recorded  in  the  i n d i v i d u a l  case h i s t o r i e s  p resen ted  in 

Append ix  I .

(3) Feeding r o u t i n e  -  roughage

Mouldy hay was be ing  fed  morning and even ing  to  the  cows in 

herds 1, 3 and 4 but  o n l y  in  the  morning to  herd 2 wh ich  was fed 

s i l a g e  in  the  even in g .  Mouldy s t ra w  was g ive n  a t  mid-day to  

herd 4.

(4) Exam ina t ion  o f  b lood  samples

Blood was c o l l e c t e d  f rom the  caudal  v e in  o f  the  housed a d u l t  

c a t t l e  u s in g  7 ml draw v a c u t a l n e r s  w i t h  no a d d i t i v e  (B e c to n , 

D ic k in s o n  and C o . ,  C la r k s o n ,  O n t a r i o ) .  The b lood  samples were 

kep t  a t  4°C o v e r n i g h t  and,  a f t e r  they  had been spun a t  1300 g f o r  

30 m in u tes ,  the  serum was taken o f f  and s to r e d  a t  -20^C u n t i l  

r e q u i r e d .  Herd 1 was sampled on t h r e e  o ccas ions  (November, 1963, 

May, 1970, November, 1970),  but  the  o th e r  t h r e e  herds were o n l y  

sampled a t  the  t im e  o f  the  f i r s t  v i s i t  (herd 2 in  March,  1971, 

herd 3 in A p r i l ,  1974, herd 4 in December, 1 9 /4 ) ,

(5) P r e p a r a t i o n  o f  Mic r o p o l y s p o r a  fae n i  a n t i g e n s

A n t ig e n s  8 and 11 were used t o  examine the  sera f rom herd I
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taken in November, 1969 and May, 1970 f o r  p r e c i p i t a t i n g  a n t i b o d i e s  

t o  M. f a e n i .

A n t i g e n  8 M. f a e n i s t r a i n  1156 was grown on horse  serum 

d e x t ro s e  agar f o r  13 days a t  55°C. A f t e r  the  c u l t u r e  p l a te s  

had been f r o z e n  and thawed t h r e e  t im e s ,  the  f l u i d  was decanted 

o f f  and f i l t e r e d  then d i a l y s e d  a g a in s t  ru n n in g  tap  w a te r  f o r  

36 h o u rs ,  S e i t z  f i l t e r e d  and f i n a l l y  ml 11i pore f i l t e r e d  

(pore s i z e  = 0 .45  /j) .

A n t  I gen 11 M. f a e n i  s t r a i n  1156 was grown on ce l lo p h a n e  

suppo r ted  on horse  serum d e x t ro s e  agar f o r  19 days a t  55*^C.

The c e l lo p h a n e  and c u l t u r e  were removed and immersed In 

Coca 's  s o l u t i o n  f o r  7 days a t  4°C. T h is  l i q u i d  was then 

d i a l y s e d  a g a i n s t  ru n n in g  tap  w a te r  f o r  36 h ou rs ,  S e i t z  

f i l t e r e d  and then m l l l i p o r e  f i l t e r e d  (pore s i z e  = 0 .45  p ) .

The two a n t i g e n  p r e p a r a t i o n s  o f  M. fa e n i  used to  examine the  

sera f rom herd 1 in November, .1970, herd 2 in March,  1971, herd 

3 in A p r i l ,  1974 and herd 4 in December, 1974 were p repared by the  

same method as those  f o r  the  su rvey  o f  p r e c i p i t a t i n g  a n t i b o d i e s  t o  

M. fa e n i  (Chapter  3, S e c t io n  I I ) .

(6) Double d i f f u s i o n  t e s t  p ro c e d u re

The t e s t  p rocedure  was i d e n t i c a l  t o  t h a t  used d u r in g  the  

su rvey  o f  p r e c i p i t a t i n g  a n t i b o d i e s  t o  M. fa e n i  (Chapter  3,

Sect ion I I ) .

RESULTS 

Herd 1

H i s t o r y  Several  cows had been t r e a t e d  f o r  an a c u te  pneumonia f rom 

February  t o  A p r i l ,  1969 and,  w h i l e  in  th e  b y re ,  the v e t e r i n a r y  

p r a c t i t i o n e r  had n o t i c e d  t h a t  a l a r g e  number o f  the  o th e r  cows were 

cough ing  and t h a t  some were a l s o  tac h y p n o e ic  and h y pe rp n o e ic .  On the  

byre  w a l l  in  f r o n t  o f  the  more s e v e r e l y  a f f e c t e d  a n im a l s ,  t h e r e  was 

t h i c k ,  g r e e n i s h - y e l l o w  mucus w h ic h ,  in one or two i n s ta n c e s ,  appeared 

t o  be b lo o d - s t r e a k e d .  Repeated t r e a tm e n t  w i t h  b road -sp ec t rum  

a n t i b i o t i c s  was c o m p le t e l y  i n e f f e c t i v e  in  re d u c in g  the  s e v e r i t y  o f  

t h e  r e s p i r a t o r y  s i g n s .  No a n im a ls  had d ie d  as a r e s u l t  o f  t h i s  

r e s p i r a t o r y  syndrome.



R e t r o s p e c t i v e l y ,  the  fa rm e r  was o f  the  o p i n i o n  t h a t  d u r i n g  

the  p re v io u s  t h r e e  w i n t e r  hous ing  p e r io d s  t h e re  had been an in c re a se  

in th e  f requency  o f  cough ing  in the  m i l k i n g  he rd .  He a l s o  c o n s id e re d  

t h a t  the  cows were much t h i n n e r  a t  the  end o f  the  w i n t e r  and t h a t  the  

o ld e r  cows were more s e v e r e l y  a f f e c t e d  than the  h e i f e r s .  The b o d i l y  

c o n d i t i o n  o f  a f f e c t e d  cows improved c o n s i d e r a b l y  d u r i n g  the  summer 

g r a z in g  season and,  a t  the  same t im e ,  the  r e s p i r a t o r y  s ig ns  became le s s  

o b v io u s .  The fa rm e r  was not  too  concerned about  th e  r e s p i r a t o r y  

d i s o r d e r  a l t h o u g h  he d i d  t h i n k  t h a t  the d a i l y  m i l k  p ro d u c t i o n  was much 

le s s  than  i t  shou ld  have been.

The fa rm e r  g r a d u a l l y  became aware t h a t  he to o  was s u f f e r i n g  

f rom a r e s p i r a t o r y  d i s o r d e r  wh ich  seemed to  be worse d u r in g  the  

s p r i n g .  A f t e r  t h i s  had been d iagnosed as f a r m e r ' s  lu n g ,  p r e c i p i t a t i n g  

a n t i b o d i e s  to  M. f a e n i  were d e te c te d  in the  sera o f  t h r e e  pneumonic 

cows. i t  was t h e r e f o r e  dec ided  t o  take  b lood  samples f rom a l l  t h e  

a d u l t s  when they  were housed a t  the  b eg in n in g  o f  the  nex t  w i n t e r  in 

o r d e r  to  f i n d  the  p re v a le n c e  o f  p r e c i p i t i n s  t o  M. f a e n i .

Herd e x a m in a t io n  The farm was v i s i t e d  in November, 1969 about  two 

weeks a f t e r  the  cows had been housed.  The herd was made up o f  a 

m i x t u r e  o f  pure A y r s h i r e  and F r i e s i a n  c ross  A y r s h i r e  cows, most o f  

wh ich  (80/ 92) were housed in  a l a r g e ,  doub le  byre  w h i l e  the  o th e r s  

were kep t  in  a smal l  a d j a c e n t  s i n g l e  by re .  Dur ing  the  two hours 

w h i l e  the  b lood  samples were be ing  ta k e n ,  abou t  h a l f  the  cows were 

seen t o  cough and many were n o t i c e d  t o  be s l i g h t l y  t a c h y p n o e ic .  Four 

a n im a ls  were moderate h yp e rp n oe ic  and ,  in  f r o n t  o f  each o f  them, t h e r e  

was a v a r i a b l e  amount o f  t e n a c io u s ,  g re e n is h  mucus wh ich  appeared to  

have been b ro ugh t  up by t h e i r  p e r s i s t e n t  cough in g .  No b l o o d - s t r e a k i n g  

was observed in the  mucus. A d v e n t i t i o u s  lung sounds were not  d e te c te d  

in any o f  these  f o u r  cows.

Feeding r o u t i n e  -  hay The hay was made e n t i r e l y  f rom home-grown, 

permanent  g ra ss .  The fa rmer  co n s id e re d  t h a t  v i r t u a l l y  a l l  h i s  I 969 

c ro p  was o f  poor q u a l i t y  and v e ry  mouldy because,  a f t e r  i t  had been 

b a le d ,  i t  has l a i n  o u t s i d e  f o r  severa l  weeks be fo re  i t  had been s to r e d  

in  a Dutch barn a d ja c e n t  t o  the  doub le  b y re .  There was an a p p r e c i a b l e  

in c re a s e  in  the f re q u e n c y  o f  cough ing  when the  hay was be ing  shaken ou t  

and fed .

C a t t l e  accommodation The doub le  byre  had an u n l i n e d  asbes tos  r o o f ,  

a smal l  open r i d g e  f o r  o u t l e t  v e n t i l a t i o n  bu t  no s p e c i a l  p r o v i s i o n  had



made f o r  i n l e t  v e n t i l a t i o n .  A t  the  t im e  o f  the  farm v i s i t ,  t h e r e  was 

c o n s i d e r a b l e  c o n d e n s a t io n  on the  u n d e r - s i de o f  th e  r o o f  and the  whole 

atmosphere in the  byre  was s t u f f y .  The s i n g l e  b y re ,  wh ich  was a 

t r a d i t i o n a l  b u i l d i n g  w i t h  a l i n e d  r o o f ,  was w e l l  v e n t i l a t e d .

S e r o lo g y Blood samples were o b ta in e d  f rom a l l  t he  a d u l t  cows in  

November, 1969, two weeks a f t e r  the y  were housed and aga in  in  May, 1970 

two weeks a f t e r  they  had been put  ou t  t o  g rass .  P r e c i p i t i n s  t o  

M. f a e ni  were d e te c te d  in 25 per cen t  (19/75) o f  th e  samples In 

November and in  29 per cen t  (23 /8o)  in  May. T h is  in c re a s e  was no t  

s t a t i s t i c a l l y  s i g n i f i c a n t .

i n v e s t i g a t i o n  o f  i n d i v i dual a n i mals Two cows wh ich  were s a id  t o  be 

t y p i c a l  o f  t h i s  r e s p i r a t o r y  c o n d i t i o n  were purchased f o r  f u r t h e r  s t u d y :  

case Cl was a d m i t t e d  in December, 1969 and case A3 was a d m i t t e d  in  

O c to b e r ,  1970. A t  n ec ropsy ,  l e s i o n s  s i m i l a r  t o  those  wh ich  had been 

d e s c r ib e d  in  f a r m e r ' s  lung  in  man were p re sen t  in  the  lungs o f  both 

cases (234) .

Herd 2

H i s t o r y  Du r in g  the  w i n t e r  and s p r i n g  o f  1970-71 many cows in t h i s  

herd  deve loped  a p e c u l i a r  r e s p i r a t o r y  d is e a s e .  They ca lve d  down in 

good c o n d i t i o n  and,  over t h e  nex t  few weeks, they  became d u l l ,  e x c e s s 

i v e l y  t h i n  and they  f a i l e d  t o  a c h ie v e  t h e i r  a n t i c i p a t e d  peak m i l k  y i e l d  

as t h e i r  f re q u e n cy  o f  cough ing in c re ase d .  In s e v e r e l y  a f f e c t e d  

i n d i v i d u a l s ,  d e p re s s io n  o f  a p p e t i t e  o ccu r re d  and o c c a s i o n a l l y ,  green 

mucus was seen on th e  by re  w a l l .  No a cu te  r e s p i r a t o r y  ep isodes  had 

been seen and no animal  had d ied  as a r e s u l t  o f  t h i s  r e s p i r a t o r y  

d Î s o r d e r .

For the  l a s t  t h r e e  o r  f o u r  years d u r i n g  the w i n t e r  hous ing  

p e r i o d ,  the  fa rm er  had n o t i c e d  an in c rease  in the  amount o f  cough ing  in 

h i s  m i l k i n g  cows e s p e c i a l l y  in  the  l a t e  s p r i n g .

Herd e x am ina t io n  The c a t t l e  i n v o l v e d  were 53 F r i e s i a n  cows and a 

H e re fo rd  b u l l .  A t  the  f i r s t  v i s i t  in  March, 1971, the  herd as a who le  

was d u l l  and most o f  the  m i l k i n g  cows were in poor c o n d i t i o n .  Du r ing  

the  45 m in u te  p e r io d  w h i l e  b lood  samples were be ing  t a k e n ,  19 o f  the  

42 m i l k i n g  cows were seen t o  cough and f i v e  were n o t i c e d  to  do so 

p e r s i s t e n t l y .  Seven a n i m a l s ,  i n c l u d i n g  two o f  those  wh ich  coughed 

p e r s i s t e n t l y ,  were t a c h y p n o e ic  (Resp. Rate = 40-50  per m inu te )  and 

were m o d e ra te ly  h y p e rp n o e ic .  Coughing was e a s i l y  induced in these



cows. No nasal d i s c h a rg e  was seen but  some t h i c k  green mucus was 

observed in f r o n t  o f  two o f  those  most s e v e r e l y  a f f e c t e d .  No 

a d v e n t i t i o u s  lung sounds were heard in  any o f  the  s e v e r e l y  a f f e c t e d  

cows.

In a s m a l l ;  s i n g l e  byre  t h e r e  was a H e re fo rd  b u l l  which had 

been purchased o n l y  s i x  months p r e v i o u s l y ,  f i v e  " d r y "  cows and s i x  

m i l k i n g  cows wh ich  were be ing  used to  su c k le  c a l v e s .  There was o n l y  

o cca s ion a l  coughing  in  t h i s  group  and,  a l t h o u g h  t h e i r  r e s p i r a t o r y  

r a t e s  were no t  e l e v a t e d ,  a few i n d i v i d u a l s  were h y p e rp n oe ic .

A t  l e a s t  f i v e  a n im a ls  had been t r e a t e d  d u r i n g  l a t e  December 

and January and,  because t h e r e  had been no d e t e c t a b l e  c l i n i c a l  response 

t o  the  a n t i b i o t i c s  used,  a l l  f u r t h e r  cases had been moved ou t  o f  the  

m i l k i n g  byre  i n t o  the  s i n g l e  by re  and g ive n  two ca lve s  each t o  r e a r .

Feeding r o u t i n e  -  hay Since  1966 hay had been made in June o r  J u ly  

whereas p r e v i o u s l y ,  the  in tended  hay f i e l d s  had been grazed in the  

s p r i n g  and e a r l y  summer p r i o r  t o  t h e i r  be ing cu t  in  l a t e  J u l y  o r  A ug us t .  

A f t e r  b a l i n g ,  most o f  the  hay was s t o r e d  in a l o f t  above the  m i l k i n g  

cows and was thrown down every  day as r e q u i r e d .  The hay ba les  were 

g rey  and d u s ty  on the  o u t s i d e  and,  when opened up,  c lo u ds  o f  f i n e ,  

g rey  dus t  were re le ase d  (F ig u re  1 ) .  Close i n s p e c t i o n  o f  many d i f f e r e n t  

ba les  re v e a le d  w h i t i s h  c o l o n i e s  on the  hay s i m i l a r  t o  those  produced 

by a c t i n o m y c e te s  and fu n g i  (F ig u re  2 ) .  S i l a g e  had a l s o  been made in 

1970 and the  r e s u l t s  o f  a n a lyse s  o f  r e p r e s e n t a t i v e  samples o f  both hay 

and s i l a g e  a re  g ive n  in  Tab le  2.

Ca t t l e  accommodat ion The m i l k i n g  byre  was J-shaped w i t h  the  ha /  l o f t  

be ing  d i r e c t l y  ove r  the  18 s ta n d in g s  on the  long s i d e .  A s e c t i o n  c f  

d o u b le - b y r e  wh ich  h e ld  24 cows had r e c e n t l y  been added and so t h e r e  v/as 

a t o t a l  o f  30 cows on one s id e  and 12 on the  o t h e r .  The f l o o r  o f  the 

h a y - l o f t  s e c t i o n  was o n l y  abou t  e i g h t  f e e t  above ground l e v e l  and t h e r e  

was a h igh  p i t c h  on the  new r o o f  wh ich  was u n l i n e d  a s b e s to s .  The 

fa rm e r  a d m i t t e d  t h a t  v e n t i l a t i o n  was a problem and t h a t  hay dus t  cou ld  

be seen suspended in  the  a i r  f o r  a long t im e  a f t e r  he had fed  the  cows.

A t  the  t im e  o f  th e  fa rm v i s i t ,  t he  atmosphere in the  m i l k i n g  

cow byre  was s t u f f y  w h i l e  in  the  s i n g l e  byre  i t  was c o ld  and a i r y .

S e ro logy  P r e c i p i t a t i n g  a n t i b o d i e s  t o  M. fa e n i  were d e te c te d  in 83 

per cent  (4-5/54) o f  the  samples taken .

V o
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FIGURE 1 A plume o f  g r e y - w h i t e  dus t  r i s i n g  f rom mouldy hay t h a t

has been a g i t a t e d .

m a

I».

FIGURE 2 A c l o s e - u p  v iew  o f  mouldy hay on wh ich  g r e y i s h - w h i t e  

c o l o n i e s  o f  a c t i n o m y c e te s  and fu n g i  can be seen.
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TABLE 2

The r e s u l t s  o f  a na ly s e s  c a r r i e d  o u t  on r e p r e s e n t a t i v e  

samples o f  hay and s i l a g e  fed t o  Herd 2.

Hay S i l a g e

Dry M a t t e r  (per  ce n t )  88.1 27,7

Crude P r o te in  (per  ce n t )  9 .3  . 4 .2

P r o te i n  E q u i v a le n t  ( l b )  4 .6  2 .78

36 12 

F ib r e  (per  ce n t )  27

pH -  4 .7

Ana ly ses  done by B.O.C.M. -  S i l c o c k s ,  B a s in g s to ke ,  Hants.



I n v e s t i g a t i o n  o f  i n d i v i d u a l  a n im a ls  Three cows wh ich  were 

co n s id e re d  by the  fa rm er  t o  be. r e p r e s e n t a t i v e  o f  t h i s  problem were 

purchased f o r  f u r t h e r  s t u d y ;  cases C3 and C4 were a d m i t t e d  in  A p r i l ,  

1371 and case C5 in June, 1971. A t  n e c r o p s y , l e s i o n s  s i m i l a r  t o  those  

wh ich  had been d e s c r ib e d  in  f a r m e r ' s  lung in  man were p resen t  in  the  

lungs  o f  a l l  t h r e e  cases (234) .

Herd 3

H i s t o r y  The c a t t l e  were housed a t  the  b eg in n in g  o f  November, 1 973 and,  

a f t e r  severa l  weeks, the  fa rm er  n o t i c e d  t h a t  many o f  h i s  " d r y "  cows 

were cough ing f r e q u e n t l y  and t h a t  one o r  two appeared t o  be b r e a t h in g  

f a s t .  There was h a r d l y  any cough ing a t  a l l  in the  m i l k i n g  cows which  

were in  a n o th e r  b y re .  In January  and Februa ry ,  1974, a l l  the  cows 

began t o  cough f r e q u e n t l y  and two o f  them, one m i l k i n g  and one " d r y " ,  

deve loped  an a cu te  r e s p i r a t o r y  d isease  f rom which they  recovered  a f t e r  

t  r e a tm e n t .

The fa rm er  t hou gh t  t h a t  se ve ra l  o f  h i s  cows were t h i n n e r  

d u r in g  the  w i n t e r  o f  1973-74 than the y  had been in  p re v io u s  w i n t e r s  

bu t  he was unaware o f  a decrease  in the  m i l k  y i e l d  o f  any p a r t i c u l a r  

i n d i v i d u a l  o r  f rom the  herd  as a who le .  However, no m i l k  reco rds  

were k e p t .  T h is  was the  f i r s t  t im e  t h a t  the fa rmer had been aware o f  

r e s p i r a t o r y  d isease  when the  cows were housed.

Herd e xa m in a t io n  There were 24 Jersey  cows in t h i s  herd in  A p r i l ,  

1974. A l t h o u g h  th e y  had been go ing  o u t s i d e  f o r  about  a week, 11 cows 

were seen t o  be cough ing  and f o u r  d i d  so f r e q u e n t l y ,  o f t e n  In s h o r t  

paroxysms. Seven a n im a ls  were s l i g h t l y  t a c h y p n o e ic  (Resp. Rate -  30 

per  m inu te )  and moderate hyperpnoea was d e te c ted  in f i v e  cows w i t h  n ine  

o th e r s  being  le s s  s e v e r e l y  a f f e c t e d .

Feeding r o u t i n e  -  hay Most o f  the  hay made in 1973 was poor q u a l i t y  

and ve ry  d us ty  bu t  i n i t i a l l y  the  w o rs t  had been fed to  the " d r y "  cows 

o n l y .  The b e t t e r  q u a l i t y  hay ,  wh ich  had been g iven  t o  the m i l k i n g  

cows, was f i n i s h e d  by m id -Ja n u a ry  and so both m i l k i n g  and " d r y "  cows 

were then exposed to  the  ve ry  d us ty  hay u n t i l  i t  had a l l  been eaten 

by the  end o f  F e b rua ry .  Both cows wh ich  developed a c u te  pneumonia d id  

so w h i l e  they  were be ing  fed  the  v e ry  mouldy hay. From the  b e g in n in g  

o f  March,  good q u a l i t y  b o u g h t - i n  hay was o f f e r e d  and a decrease  in the  

amount o f  couch in g  was n o t i c e d  a f t e r w a r d s .



C a t t l e  accommodat ion The m i l k i n g  cows were kept  in  a good t r a d i t i o n a l  

doub le  byre w i t h  a l i n e d  r o o f ,  numerous open r i d g e  v e n t i l a t o r s  and one 

i n l e t  v e n t i l a t o r  per  cow s i t u a t e d  J u s t  below the  eaves.  The " d r y "  

cows were housed in  a s m a l l ,  t r a d i t i o n a l ,  s i n g l e  byre  wh ich  had a low 

r o o f  and no i n d i v i d u a l ,  i n l e t  v e n t i l a t o r s .

S e ro log y  P r e c i p i t a t i n g  a n t i b o d i e s  t o  M. fa e n i  were d e te c te d  In 67 

per cen t  (16 /24)  o f  the  samples taken .

I n v e s t i g a t i o n  o f  i n d i v i d u a l  a n im a ls  One cow was purchased f o r  f u r t h e r  

s tud y  a year  a f t e r  i t  had been t r e a t e d  f o r  a cu te  r e s p i r a t o r y  d is e as e .

A t  nec ropsy ,  l e s i o n s  t y p i c a l  o f  f a r m e r ' s  lung in  c a t t l e  were observed .

Herd 4

H i s t o r y  A c h r o n i c  r e s p i r a t o r y  d ise ase  which  had a f f e c t e d  a Jersey 

herd  f o r  f i v e  t o  s i x  years  in  s u c c e s s io n ,  had been diagnosed  as 

p a r a s i t i c  b r o n c h i t i s .  A f t e r  p r e c l p i t i n s  t o  M. fa e n i  had been d e te c te d  

in serum samples f rom f o u r  cows,  i t  was th o u g h t  t h a t  the  problem co u ld  

be f a r m e r ' s  lu n g .

There had been f r e q u e n t  cough ing  in  the  herd d u r in g  the  

w i n t e r  hous ing  p e r io d  f o r  se ve ra l  yea rs  a l t h o u g h  i t  seemed t o  be 

w o rs t  in  November and December, about  s i x  to  e i g h t  weeks a f t e r  the  

cows had been b ro ug h t  I n s i d e .  In 1974, because o f  t h e  h igh  r a i n f a l l ,  

the  cows were taken I n s i d e  a t  the  b e g in n in g  o f  Oc tobe r .  I n d i v i d u a l  

an im a ls  appeared t o  be most s e v e r e l y  a f f e c t e d  j u s t  a f t e r  c a l v i n g  and,  

a l t h o u g h  cows c a lv e d  down th r o u g h o u t  the  whole  year  most d id  so f rom 

January  t o  A p r i l .  There was a h ig h  p r o p o r t i o n  o f  o l d  cows in t i ie  

herd because t h i s  i s  a smal l  farm (80 a c re s )  and no rep lacement  h e i f e r s  

had been reared  f o r  se vera l  y e a r s .  The fa rmer  was o f  the o p i n i o n  t h a t  

the  r e s p i r a t o r y  d isease  had had no adverse  e f f e c t  on m i l k  y i e l d  b i i t  

no m i l k  re co rd s  were k e p t .  I t  i s  s i g n i f i c a n t  t h a t  no deaths  had been 

a t t r i b u t e d  t o  t h i s  r e s p i r a t o r y  syndrome even though many o f  the  cows 

were over  ten  years  o l d .

Herd exam in a t io n  There  were 65 cows in  the  m i l k i n g  herd in  December, 

1974 and a l l  were pure Jerseys  a p a r t  f rom s i x  wh ich  were C h a r o la i s  

c ro s s  h e i f e r s .  The cows were kep t  in  two c u b i c l e  houses each h o l d i n g  

31 a n im a ls  and cough ing was much more f r e q u e n t  In one house than In the  

o t h e r .  The c l i n i c a l  f i n d i n g s  d e te c te d  on e xa m in a t io n  o f  s e v e r e l y  

a f f e c t e d  i n d i v i d u a l  a n im a ls  a re  g iven  In Table  3. I t  was the  o ld e r  

a n im a ls  in  the  herd wh ich  deve loped  severe r e s p i r a t o r y  s ign s  and
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r e q u i r e d  v e t e r i n a r y  a t t e n t i o n ;  the  younges t  cow wh ich  had been t r e a t e d  

was s a id  t o  be s i x  o r  seven years  o l d .

Feeding r o u t i n e  -  hay The hay was a i l  home-grown and c o ld  a i r  was 

u s u a l l y  blown th rough  abou t  o n e - t h i r d  o f  I t  t o  c o n t r o l  h e a t i n g .  In 

most y e a r s ,  the  hay was d us ty  and 1974 was no e x c e p t i o n .  The w o rs t  

hay was fed to  the  " d r y "  cows. B o u g h t - i n  s t ra w  was a l s o  fed  and in 

November and December, 1974, i t  was p a r t i c u l a r l y  mouldy.

C a t t l e  accommodat ion The c u b i c l e  houses were l e a n - t o  b u i l d i n g s  wh ich 

had been b u i l t  o n to  the  o l d  s t e a d in g .  Coughing was more f r e q u e n t  In 

t h e  f i r s t  house wh ich  was c lo s e  and s t u f f y .

Sero loqy  P r e c l p i t i n s  t o  M. fa e n i  were p resen t  in  69 per cen t  (45/65)  

o f  the  samples examined.  Even a l t h o u g h  t h e r e  was a d i f f e r e n c e  In the  

f re que ncy  o f  cough ing between the  two houses,  t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  in  the  p re v a le n c e  o f  p r e c l p i t i n s ,  t h e r e  being  68 per cen t  

and 71 per cen t  in  houses one and two r e s p e c t i v e l y .

I n v e s t i g a t i o n  o f  i n d i v i d u a l  a n im a ls  F ive  cows were bought  f rom t h i s  

herd a l l  o f  wh ich  had been t r e a t e d  f o r  r e s p i r a t o r y  d isease  d u r i n g  the  

p re v io u s  t h r e e  w i n t e r s .  Cases C23 and C24 were a d m i t t e d  in December, 

1974, case C25 was a d m i t t e d  in M arch , 1975 and cases C22 and C2/  were 

a d m i t t e d  In May, 1975. A t  n ec rop sy ,  l e s i o n s  o f  f a r m e r ' s  lung d isease  

o f  c a t t l e  were p re sen t  in  a l l  f i v e  a n im a l s .

DISCUSSION

The c l i n i c a l  s ig n s  o f  r e s p i r a t o r y  d isease  were f i r s t  n o t i c e d  

in  these  f o u r  d a i r y  herds  d u r i n g  the  w i n t e r  hous ing  p e r io d  and w h i l e  

mouldy hay was be ing  f e d .  Three o f  the  fa rmers  co ns id e re d  t h a t  th e re  

had been a g radua l  i n c re as e  in  th e  f requency  o f  cough ing  in  t h e i r  herds  

f o r  se ve ra l  w i n t e r s  p r i o r  t o  t h e i r  becoming aware t h a t  the cows were 

s u f f e r i n g  f rom c l i n i c a l  r e s p i r a t o r y  d isease .  The r e s p i r a t o r y  s ig n s  

were c o ns ide re d  t o  be most severe  in  the  s p r i n g t im e  a l t h o u g h  in herd 

4 ,  an Inc rease  In cough ing  was s a id  t o  be p a r t i c u l a r l y  n o t i c e a b l e  

soon a f t e r  the  cows were housed a t  the  b eg in n in g  o f  w i n t e r .  Th is  

s l i g h t  v a r i a t i o n  in  the  c l i n i c a l  p i c t u r e  a lm os t  c e r t a i n l y  a rose  because 

v i r t u a l l y  a l l  the  m i l k i n g  cows in  herd 4 were over  s i x  years  o l d  and,  

as a r e s u l t  o f  re p e a te d ,  annual  exposures  t o  mouldy hay,  many were 

l i k e l y  t o  have had h igh  t i t r e s  o f  p r e c i p i t a t i n g  a n t i b o d y  wh ich  would



have p e r s i s t e d  t h ro u g h o u t  the  summer g r a z in g  season (57 ) .

C o nsequ en t ly ,  when the y  were housed and ch a l le n g e d  a ga in  w i t h  mouldy 

hay d u s t ,  the  s ig n s  o f  r e s p i r a t o r y  d isease  had q u i c k l y  become o b v io u s .

I t  Is  s i g n i f i c a n t  t h a t  none o f  these  fa rmers  was r e a l l y  

w o r r i e d  about  the  r e s p i r a t o r y  syndrome in  t h e i r  c a t t l e  even a f t e r  they  

had sought  v e t e r i n a r y  a d v i c e .  Perhaps t h i s  was because not  one o f  

the  a f f e c t e d  cows had d ie d .  The owners o f  herds 1 and 2 were 

u n d e rs ta n d a b ly  more concerned about  the  depressed m i l k  y i e l d s  and 

poor appearance o f  t h e i r  cows wh ich  they  had a t t r i b u t e d  t o  the 

v a r i a b l e  a p p e t i t e  o f  a f f e c t e d  a n im a ls  and t o  t h e  poor q u a l i t y  o f  the. 

roughage.  Several  w o rke rs  (60,  71) have commented t h a t  even fa rmers  

who themse lves had deve loped  f a r m e r ' s  lung had f a i l e d  t o  a s s o c i a t e  

th e  onse t  o f  r e s p i r a t o r y  symptoms w i t h  w o rk in g  in a d u s ty  en v i ro n m e n t .  

T h is  be ing  so,  i t  is  u n l i k e l y  t h a t  f a r m e r ' s  would a s s o c i a t e  r e s p i r a t o r y  

d ise ase  in  t h e i r  c a t t l e  w i t h  exposure  t o  mouldy hay .  A l t h o u g h  some o f  

the  w e ig h t  loss  and poor m i l k  p r o d u c t i o n  co u ld  p o s s i b l y  have been 

e x p la in e d  by the low fe e d in g  v a lu e  o f  the  mouldy hay ,  r e p r e s e n t a t i v e  

samples o f  both  hay and s i l a g e  f rom farm 2 had been ana lysed  and the  

fe e d in g  va lues  o f  both were co n s id e re d  t o  be w i t h i n  a c c e p ta b le  l i m i t s  

(220) .

The c l i n i c a l  f i n d i n g s  o f  the  i n d i v i d u a l  cows purchased 

f rom th r e e  o f  the  f o u r  farms w i l l  be d iscussed  in S e c t i o n  1! b u t ,  

in  g e n e r a l ,  a f f e c t e d  an im a ls  were h y p e rp n o e ic ,  t a c h y p n o e ic  and coughed 

f r e q u e n t l y .  Several  cows in herds  1 and 4 had developed ep isodes  o f  

a c u te  r e s p i r a t o r y  d is e a s e .  I t  Is  i n t e r e s t i n g  t h a t  t h e r e  had been 

n e i t h e r  a b o r t i o n s  nor  e a r l y  c a l v i n g s  w i t h i n  the  l a s t  t h r e e  or  f o u r  

ye a rs  on these farms wh ich  were a l l  b r u c e l l a - a c c r e d i t e d .  I t  can be 

deduced,  t h e r e f o r e ,  t h a t  s e n s i t i s a t i o n  and subsequent  exposure  t o  

M. fa e n i  i s  no t  a s s o c i a te d  w i t h  a b o r t i o n  in c a t t l e .

There was a w ide  range in  the  percen tage  o f  cows w i t h  

p r e c i p i t i n s  t o  M. f a e n i  when these  farms were f i r s t  v i s i t e d ,  f rom 25 

per cen t  in  herd 1 in  November t o  83 per cen t  i n  herd 2 in  March.

The c o m p a r a t i v e l y  low percen tage  o f  p r e c l p i t i n s  in herd 1 was a lm os t  

c e r t a i n l y  the  r e s u l t  o f  t h e i r  hav ing  been te s te d  a t  the  b eg in n ing  o f  

our  s tudy  o f  f a r m e r ' s  lung d ise ase  w i t h  the  r e s u l t  t h a t  the  

p r e p a r a t i o n s  o f  M. fa e n i  used In the  doub le  d i f f u s i o n  t e s t  were le ss  

a n t i g e n i c  than those  used l a t e r .  C o nsequen t ly ,  the  s e r o l o g i c a l  

r e s u l t s  o b ta in e d  a t  the  f i r s t  herd e xa m in a t io n s  a re  not  d i r e c t l y
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comparab le .  When th e  "ne w e r "  a n t i g e n i c  p r e p a r a t i o n s  o f  M. fa e n i  

were used a t  the  b eg in n in g  o f  the  f o l l o w i n g  w i n t e r  in  herd 1, 

p r e c i p i t i n s  were d e te c te d  in 51 per cen t  o f  the  a n im a l s ,  an inc rease  

o f  25 per cen t  f rom the  p re v io u s  s p r i n g .  Th is  r i s e  had o ccu r re d  

d u r i n g  the  summer g r a z in g  p e r io d  v/hen t h e r e  was l i k e l y  t o  have been 

v e ry  l i t t l e ,  i f  any ,  a n t i g e n i c  exposure .  From the  r e s u l t s  o f  the  

s e r o l o g i c a l  su rvey  (Chapter  3? S e c t io n  I I ) ,  i t  can be sa id  t h a t  a h igh  

percen tage  o f  p r e c i p i t i n s  t o  M. f a e n i  in  a herd does not  a u t o m a t i c a l l y  

mean t h a t  the  c a t t l e  a re  s u f f e r i n g  f rom c l i n i c a l  f a r m e r ' s  lung d is e a s e .  

However, a h igh  percen tage  o f  an im a ls  w i t h  p r e c i p i t i n s  does i n d i c a t e  

massive re ce n t  exposure  t o  M. fa e n i  and i t  is  p ro b a b le  t h a t  c o n t in u e d  

exposure  a t  a h igh  le v e l  c ou ld  lead t o  the  development o f  c l i n i c a l  

d ise a se  In the  c a t t l e  and,  o f  much more impor tance ,  In the  fa rm er  to o .

The r e s p i r a t o r y  syndromes on these  f o u r  farms were co ns ide re d  

t o  have been f a r m e r ' s  lung  because o f  the  mouldy n a tu r e  o f  the  hay,  

t h e  c l i n i c a l  s ign s  wh ich  were w o rs t  d u r in g  the  w i n t e r  hous ing  p e r io d  

and wh ich  tended t o  d isa pp e a r  w h i l e  the  an im a ls  were a t  g rass  and 

because o f  the  p a t h o l o g i c a l  l e s i o n s  p re sen t  in the  lungs o f  a f f e c t e d  

cows.
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S E CTION I I

FARMER'S LUNG I N CATTLE AS AN INDIVIDUAL ANIMAL DISEASE

MATERIALS AND METHODS

( 1) S e l e c t i o n  o f  an im a ls

The a n im a ls  were a d m i t t e d  t o  the  Glasgow V e t e r i n a r y  School 

e i t h e r  because

a) t h e  fa rmer  had n o t i c e d  t h a t  they  were s u f f e r i n g  f rom 

r e s p i r a t o r y  d isease  and had requested v e t e r i n a r y  a d v i c e ;

18 a cu te  and 21 c h r o n i c  cases were in t h i s  c a te g o r y .

b) o r  s ign s  o f  r e s p i r a t o r y  d isease  (cough ing ,  hyperpnoea,  

tachypnoea) had been observed by the a u th o r  w h i l e  the  cows 

were be ing b lood  sampled d u r in g  the  s e r o l o g i c a l  su rvey 

(Chapter  3, S e c t io n  I I ) .  S ix  cows were in t h i s  ca te g o ry  

and they  were a d m i t t e d  to  the  h o s p i t a l  when they were 

c u l l e d .

(2) C l i n i c a l  f i n d ! n g s

The cases wh ich  developed sudden o n s e t ,  severe r e s p i r a t o r y  

d isease  have been c o ns ide re d  as examples o f  the  acu te  form o f  

f a r m e r ' s  lung whereas the  o th e r  cases,  in  wh ich  the  r e s p i r a t o r y  

s ign s  d id  not  p re sen t  in t h i s  manner,  have been cons ide red  t o  

be c h r o n ic  or  i n s i d i o u s  onse t  cases.

The c l i n i c a l  s ig ns  o f  r e s p i r a t o r y  d isease  which were 

d e te c te d  when the  an im a ls  were f i r s t  seen t o  be i l l ,  the  t im e  o f  

y e a r ,  the  t r e a tm e n t  and o th e r  r e l e v a n t  background i n f o r m a t i o n  has 

been summarised and i s  p resen ted  in  Append ix  1. On a d m is s io n ,  

eve ry  animal  was g iven  a f u l l  c l i n i c a l  e xam ina t ion  by the a u th o r  

when b lood ,  faeces and u r i n e  samples such as were cons ide red  

necessary were taken .  The s i g n i f i c a n t  c l i n i c a l  f i n d i n g s  

d e te c te d  on adm iss ion  a re  a l s o  p resented  in Append ix  1.

(3) Exam ina t ion  o f  b lood  samples

a) Haematology A f t e r  b lood  had been c o l l e c t e d  in b o t t l e s

c o n t a i n i n g  e th y le n e  d iam ine  t e t r a - a c e t i c  a c i d ,  the packed 

c e l l  volume (PCV) was measured by the  m i c r o - h a e m a to c r i t  

t e ch n iq u e  (8 1 ) ,  the  amount o f  haemoglobin was found by
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u s in g  the  cyanmethyl  haemoglob in method,  the  t o t a l  numbers 

o f  red and w h i t e  c e l l s  were e s t im a te d  u s in g  a model D C o u l t e r  

c o u n te r  ( C o u l t e r  E l e c t r o n i c s  L t d . ,  D u n s ta b le ,  B e d s . ) ,  The 

d i f f e r e n t i a l  w h i t e  c e l l  coun ts  were made on L e is h m a n -s ta in e d  

b lood  f i l m s  and 200 c e l l s  were coun ted ,

b) Blood b i o c h e m is t r y  A f t e r  b lood  had been c o l l e c t e d  in 

h e p a r i n i s e d  tubes  the  u re a ,  b i l i r u b i n ,  i n o r g a n i c  phosphate ,  

a l k a l i n e  phosphatase ,  S .G .O .T . ,  S .G.P .T .  and the  t o t a l  

p r o t e i n  va lu es  were measured u s in g  a 'Technicon a u t o a n a l y s e r  

(Technicon In s t rum e n t  C o r p o r a t i o n ,  T a r r y  Town, New Y ork ,  

U . S . A . ) ,  The po tass ium and sodium va lues  were e s t im a te d  

u s in g  an EEL f lame pho to m e te r ,  c h l o r i d e  was measured u s ing  

an EEL c h l o r i d e  m e te r ,  the  c a lc iu m  and magnesium va lu es  were 

found u s in g  a Unicam S . P . 90 (Pye-Unicarn,  Cambr idge,  E ng la n d ) ,  

The amounts o f  a lb um in  and g l o b u l i n  were measured u s in g  zone 

e l e c t r o p h o r e s i s  scanned w i t h  a Kipp and Zonen m i c r o d e n s i t o 

m e te r .  In d i a r r h o e i c  a n im a ls  o n l y ,  t h e  plasma pepsinogen 

v a lu e s  were e s t im a te d  by the  method o f  Edwards, Jepson and 

Wood ( i 960) and expressed as m i l l ! - i n t e r n a t i o n a l  u n i t s  o f  

t y r o s i n e  ( m i l l i - m o l s  t y r o s i n e  per l i t r e  plasma per m inu te  x 

1 ,000).

c) P r e c l p i t i n s  t o  M i c ro p o ly s p o ra  fae n i  Serum from each case 

was examined on a dm iss ion  f o r  p r e c i p i t i n s  t o  M. f a e n i  u s ing  

t ire same a n t i g e n i c  p r e p a r a t i o n s  and the  same doub le  d i f f u s i o n  

t e c h n iq u e  as was used f o r  the  s e r o l o g i c a l  su rvey  (Chap-ter 3, 

Sect  ion I I ) .

(4) Exam ina t ion  o f  faeces samples

in  d i a r r h o e i c  a n im a ls  o n l y  f r e s h  faeces was examined f o r  the  

presence o f  S t r o n g y le  eggs and D. v i v i parus la rvae,  by a m o d i f i c a 

t i o n  o f  th e  Mchas te r  method o f  Gordon and W h i t l o c k  (1939) and a l s o  

by th e  smear te c h n iq u e  o f  Cunningham and G i lmour (1959) f o r  t h e  

presence o f  clumps o f  a c i d - b a s t  b a c t e r i a  wh ich  m o r p h o l o g i c a l l y  

resembled Mycobac te r ium ; ohne i .

(5) Exam ina t ion  o f  u r i n e  samples

The amount o f  u r i n e  p r o t e i n  was e s t im a te d  by the  s u lp h o -  

s a l i c y l i c  a c i d  p r e c i p i t a t i o n  t e s t  as d e s c r ib e d  by K in g s b u ry ,
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C l a r k e ,  W i l l i a m s  a n d  P o s t  ( 1 9 2 6 ) „

RESULTS

( 1) Background i n f o r m a t i o n a nd h i s t o r y

a) Q u a l i t y  o f  hay The f a r m e r ' s  assessment o f  the  q u a l i t y  

o f  the  hay wh ich  had been fed p r i o r  t o  the  an im a ls  

d e v e lo p in g  r e s p i r a t o r y  d is e as e ,  is  g iven  in T ab le  4.

O v e r a l l ,  35 cases (78%) had been g iven  hay c l a s s i f i e d  as 

ve ry  mouldy o r  mouldy.  The two forms o f  t h e  d isease  

were s l i g h t l y  d i f f e r e n t  in  t h a t  11 a c u te  cases (60%) had 

been fed  mouldy hay compared w i t h  24 c h r o n i c  cases (89%).

b) H i s t o r y  o f  r e s p i r a t o r y  d i s e a s e in the  herd d u r in g  the  w i n t e r  

Twenty cases (47%) came f rom herds in wh ich r e s p i r a t o r y  

d ise ase  in housed,  a d u l t  c a t t l e  had not  p r e v i o u s l y  been 

re cogn ised  (Tab le  5) and ten  an im a ls  (23%) f rom herds in 

wh ich  cases had o n l y  developed o c c a s i o n a l l y .  The rem a in ing  

13 a n im a ls  (30%) came f rom t h r e e  herds in  wh ich  pneumonia 

was r e g u l a r l y  d iagnosed d u r in g  the  w i n t e r  and in  each herd ,  

f a r m e r ' s  lung had been con f i rm ed  as the  ma jor  cause o f  the  

r e s p i r a t o r y  t r o u b l e  (S e c t i o n  I ,  Herds 1, 2 and 4 ) .  E i t h e r  

o cca s ion a l  or  f r e q u e n t  cough ing had been heard  in the  herds 

f rom which  38 cases (84%) came (Tab le 5 ) .

A cu te  f a r m e r ' s  lung  cases tended t o  deve lop  on farms 

where r e s p i r a t o r y  d ise ase  in  housed c a t t l e  was not  a 

problem and o n l y  o c c as io n a l  cough ing was he rd .  In c o n t r a s t ,  

c h r o n i c  cases a rose  In herds  in wh ich  t h e r e  was a h ig h  

in c id e n c e  o f  r e s p i r a t o r y  d isease  and f r e q u e n t  cough ing 

d u r in g  the  w i n t e r .

c ) H i s t o r y  o f  r e s p i r a t o r y  d i s e a se in  i n d i v i d u al  an imals

I n f o r m a t i o n  re g a r d in g  the  r e s p i r a t o r y  d isease  h i s t o r y  o f  

the  i n d i v i d u a l  cases is  g iven  in  Tab le  6. Four a cu te  

cases had e xpe r ie n ce d  severa l  pneumonic ep isodes  p r i o r  to  

t h e i r  be ing  h o s p i t a l i s e d ;  A3 had been t r e a t e d  f o r  t h r e e  

su c c e s s i v e  years  in the  s p r i n g ,  A13 had been t r e a t e d  once 

in the  s p r i n g  and tw ic e  d u r i n g  the  f o l l o w i n g  w i n t e r ,  A14 

and A17 had e xp e r ie n ce d  t h e i r  f i r s t  a t t a c k s  f o u r  days and 

th r e e  weeks r e s p e c t i v e l y  p r i o r  to  t h a t  abou t  wh ich  we were



T AB LE 4

The r e l a t i o n s h i p  between the  numbers o f  a c u te  and c h r o n i c  

cases o f  f a r m e r ' s  lung  and th e  f a r m e r ' s  assessment o f  the  q u a l i t y  o f  

t h e  hay fe d .

Fa rm er 's  Assessment No. A cu te  Cases No. C h ron ic  Cases T Ota 1

Very mouldy 8 15 23

Mouldy 3 9 12.

Mixed qua 1 i t y 6 2 8

Not mouldy 1 1 2

17



TABLE 5

The in c id e n c e  o f  pneumonia and f requency  o f  cough ing  d u r in g  

th e  w i n t e r  in  the  herds f rom which  the  i n d i v i d u a l  cases were a d m i t te d

2 farms - no i n f o r m a t i o n  a v a i l a b l e .

Inc ide n c e  o f  Pneumonia No. Acu te  Cases No, C h ro n ic  Cases To ta  1

None 1 1 9 20

Occas i ona1 6 4 10

F requent 1 12 13

Frequency o f  Coughing

None 5 2 5

Occas ional 11 4 15

Frequent 4 19 23

0



TABLE 6

H i s t o r y  o f  p re v io u s  r e s p i r a t o r y  d is e a s e ,  o r  s ign s  o f  

r e s p i r a t o r y  d is e a s e ,  in i n d i v i d u a l  cases be fo re  t h e i r  f i n a l  ep isode  

o f  f a r m e r ’ s lu n g .

Acu te  Cases C hron ic  Cases

P rev ious  R e s p i r a t o r y  Disease

A cu te  B a c t e r i a l  Pneumonia “ C15: C26

U n i d e n t i f i e d  a c u te  pneumonic 
ep i sodes A3: A13; A14- A17 -

U n i d e n t i f i e d  i n s 1d i o u s - o n s e t  
r e s p i r a t o r y  d i s o r d e r - C17

Prev io us  Signs o f  R e s p i r a t o r y  Disease

Cough i ng A8: A12:  A15: A16 C6: C26

Hyperpnoea A15 C6 : 026

E x e rc is e  i n t o l e r a n c e C26

Poor m i l k  y i e l d A1 -

Weight  lo ss A16 C21

Vague ly ' ' u nw e l1 '' C15

TOTAL 9 (50%) 7 (33%)'-

T o ta l  o f  21 cases exc lude s  6 f i r s t  seen to  be i l l  by a u t h o r .
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n o t i f i e d .  Four o th e r  an im a ls  were seen t o  be coughing  

p r i o r  t o  t h e i r  d e v e lo p in g  a c u te  f a r m e r ' s  lun g .

Two c h r o n i c  cases had been t r e a t e d  f o r  a cu te  b a c t e r i a l  

pneumonia s i x  years  (C i5) and t h r e e  yea rs  (C26) b e fo re  

f a r m e r ' s  lung was d iagnosed .  A f t e r  t r e a t m e n t ,  the fo rmer 

made a comp le te  re co very  but  the  l a t t e r  was sa id  to  have 

been " l e f t  w i t h  a cough" .  In a d d i t i o n  t o  t h i s  cough,  C26 

was a l s o  n o t i c e d  t o  be h yp e rp n oe ic  and to  have shown 

e x e r c i s e  i n t o l e r a n c e  wh ich  was becoming p r o g r e s s i v e l y  worse 

b e fo re  v e t e r i n a r y  a d v i c e  was req ue s ted .  Cl 7 was sa id  t o  

have had se ve ra l  m ino r  ep isodes o f  an i n s i d i o u s  onse t  and 

g r a d u a l l y  w o r s e n in g ,  unnamed r e s p i r a t o r y  d i s o r d e r .

(2) P re s e n t in g  s ig n s  o f  f a r m e r ' s  lung  d isease

Acu te  f a r m e r ' s  lung The p r e s e n t i n g  s igns  o f  the  18 cases o f  

a c u te  f a r m e r ' s  lung  a re  se t  o u t  in Table  7. Ten cases (56%) 

were l a c t a t i n g  d a i r y  cows and w i t h  every one, the  f a r m e r ' s  main 

c o m p la in t  was a s u b s t a n t i a l  r e d u c t i o n  in  m i l k  y i e l d .  T h is  was 

the  o n l y  p r e s e n t i n g  s ig n  t h a t  a f f e c t e d  eve ry  animal  a t  r i s k .  

A n o re x ia  and cough ing  were each n o t i c e d  in  12 an im a ls  (67%) and 

w i t h  A3 and A8 the  cough ing  was p r o d u c t i v e .  The dep th  o f  

r e s p i r a t i o n  v/as inc reased  in  every  animal a p a r t  f rom A l l ;  11 

cases (61%) were s a id  t o  have been d yspn o e ic ,  f i v e  o f  wh ich  

(A2, A 5 , A12,  A14,  A16) were m o u th - b r e a th in g ,  w h i l e  the  o th e r  

s i x  (33%) were h ype rp n o e ic .

Tachypnoea was observed in  e i g h t  cases (44%) and p y re x ia  

was d e te c te d  in  s i x  o f  the  15 cases (40%) in  wh ich  the  tempera 

t u r e  was known; in  A8 and A12 the  tem p e ra tu re  was 105^F. F ive  

cases (28%) were s a id  t o  have been d u l l  and in  two o th e r s  (11%) 

a lo s s  in  w e ig h t  had been n o t i c e d  b e fo re  (A l6 )  and a f t e r  (A3) the  

a c u te  r e s p i r a t o r y  ep iso d e .  Nasal d i s c h a rg e  and c o l l a p s e  w i t h  

t r e m b l i n g  were each p resen t  in  a s i n g l e  a n im a l .  A d v e n t i t i o u s  

lung  sounds were re co gn ise d  in  o n l y  f o u r  a n im a ls  (22%) but  the  

number a c t u a l l y  a u s c u l t a t e d  was no t  known.

The a c u te  r e s p i r a t o r y  d isease  ep isode  had developed w i t h i n  

f o u r  weeks o f  c a l v i n g  in cases A4,  A6,  A 7 and A9.  The 

r e s p i r a t o r y  s ig ns  would appear t o  have, been b rough t  on by 

e x e r c i s e  in  AS a f t e r  she had walked in f rom the  f i e l d  t o  be
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m i lk e d  and in  AlO a f t e r  she had been c o l l e c t e d  in a c o u r t  t o  be 

b lood  sampled f o r  b r u c e l l o s i s .

C h ron ic  f a r m e r ' s lung Coughing and hyperpnoea were by f a r  t f ie 

most common p r e s e n t i n g  s ig ns  o f  c h r o n i c  f a r m e r ' s  lung and in  

22 cases (81%) both  were p re sen t  (Tab le 8).. Coughing was heard 

in  25 cases (93%) but  o n l y  C26 was n o t i c e d  t o  have a p r o d u c t i v e  

cough.  An in c reased  depth  o f  r e s p i r a t i o n  was observed in 23 

an im a ls  (85%) bu t  none was co ns ide re d  to  be dyspno e ic .

Tachypnoea was seen in  11 an im a ls  (41%), w e ig h t  lo ss  was 

s a id  t o  have o cc u r re d  in ten  (37%) and poor m i l k  y i e l d  had been 

noted  in seven o f  the  l a c t a t i n g  d a i r y  cows (35%). Seven cases 

(26%) were co n s id e re d  t o  have been d u l l  w h i l e  some r e d u c t i o n  in 

a p p e t i t e  and e x e r c i s e  i n t o l e r a n c e  were each n o t i c e d  in f i v e  

cases (19%). A d v e n t i t i o u s  lung  sounds were recogn ised  in  o n l y  

two cases (C20, C23) , bu t  aga in  the  a c tu a l  number a u s c u l t a t e d  was 

no t  known.

(3) C l i n i c a l  f i n d i n g s  on a dm iss io n  t o  V e t e r i n a r y  School

Acu te  f a r m e r ' s  lung  Of the  12 cases (66%) a d m i t t e d  w i t h i n  f o u r  

weeks o f  t h e i r  hav ing  deve loped  an acu te  r e s p i r a t o r y  ep iso d e ,  11 

came in  w i t h i n  two weeks.  The o th e r  s i x  a n im a ls  came in  f rom 

f o u r  t o  ten  months a f t e r w a r d s  (Tab le 9 ) .  Eleven cases (61%) were 

in  poor or  ve ry  poor b o d i l y  c o n d i t i o n  and o n ly  t h r e e  (A2, A4,  A6) 

were in  good c o n d i t i o n  (Tab le  10) .  S ix te e n  an im a ls  (89%) were 

a l e r t  w h i l e  the  o th e r  two (A8, A16) were s l i g h t l y  d u l l .  The 

cough ing which  was seen o r  heard in  17 cases (95%) was o c c a s io n a l  

i n  15 (83%) and f r e q u e n t  in  two (11%). Case A8 had f r e q u e n t  

paroxysms o f  cough ing wh ich  o f t e n  t e r m in a te d  w i t h  the  p r o d u c t i o n  

o f  t h i c k  mucus. The o n l y  animal  no t  seen t o  cough was A l l .

Every case was h y p e rp n o e ic ;  e i g h t  (44%) were s l i g h t l y  

a f f e c t e d ,  e i g h t  (44%) were m o d era te ly  a f f e c t e d  and the  rem a in ing  

two an im a ls  (A8, A I 6) were g r o s s l y  h ype rp noe ic  even a t  r e s t ,  

Tachypnoea was a l s o  p re sen t  in  every  case a t  r e s t .  In n in e  

an im a ls  (50%) the  r e s p i r a t o r y  r a t e  was 30 per m in u te ,  in f i v e  

(28%) i t  was 4o per m in u te  and in  the  o th e r  f o u r  (AB, A9,  A13,

A 18) i t  was more than 40 per m in u te .

A d v e n t i t i o u s  lung  sounds (Tab le  11) were heard in  ten
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T AB LE 9

The t im e  i n t e r v a l  between a f a r m e r ' s  l u n g - l i k e  r e s p i r a t o r y  

d ise ase  be ing  suspected  and the i n d i v i d u a l  an im a ls  be ing  a d m i t t e d  to  the  

Ve te r  i nary S c h o o l .

Time Acu te  Cases C hron ic

Less than 4 weeks 12 5

1 - 6  months 2 14

7 - 1 2  months 4 3

More than 1 year - 5
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T A B L E  10

The c l i n i c a l  f i n d i n g s  on adm iss ion  o f  45 cases o f  f a r m e r ’ s 

lung  in c a t t l e .

C l i n i c a l  F in d !n g s

BodÎ 1 y Condi t  ion

Good

F a i r

Poor

Very Poor

Acu te  Form 

No. %

3

4 

10

1

17

22

56

6

C hron ic  Form 

No. %

11

15

56

19

Demeanour

Br i gh t

S I i  g h t 1 y d u l 1 

D u l l

16

2

89

11

24

2

1

89

7

4

Cough i ng

Not heard 

Occas iona l  

F requent  

Paroxysmal

1

15

1

1

6
83

6

6

2 

9 

11

7

33

4'i

19

Hyperpnoea

Not p re sen t  

S I i g h t  

Moderate  

Gross

44

44

11

1

6
11

9

4

22

41

33

Tachypnoea 

(Respi r a t o r y  R a te /  

M in . )

<  30 

30 

40 

50 

60 

> 6o

50

28

17

15

15

30

33

4

4



T A B L E  11

The d e t a i l e d  f i n d i n g s  in the  10 a cu te  f a r m e r ' s  lung cases in 

wh ich  a d v e n t i t i o u s  lung sounds were d e te c te d  on a u s c u l t a t i o n .

Case Number
T Ota 1

2 7 8 10 1 1 12 13 16 17 18 No.

C rack le s  L e f t  

R i gh t

1 1 1 1 1 - 1 1 1

1 1 - 1 1 1 1 - 1

Rhonchi L e f t  -  A/V 1 -  -

L e f t  -  w idespread  -  1 1

R i gh t  -  A/V -  -  1

R ig h t  -  w idespread  -  1

1 1

1 1 1

1 1

A/V -  a n t e r o - v e n t r a 1,

bb



cases (56%), The c r a c k le s  wh ich  were heard in n in e  a n im a ls  were 

b i l a t e a l  in s i x .  When p r e s e n t ,  they  were d e te c te d  over  the  

a n t e r o - v e n t r a l  a reas  o f  the  lung  f i e l d s  excep t  f o r  AI 6 when they  

were found t o  be w id espread  on the  l e f t  s i d e .  The r h o n c h i ,  

wh ich  were u s u a l l y  s i b i l a n t ,  were a l s o  heard in  n ine  cases and 

the y  too  were b i l a t e r a l  in  s i x  and u n i l a t e r a l  in  t h r e e  cases.

In f i v e  a n im a l s ,  they  were o n l y  heard a n t e r o - v e n t r a 11 y w h i l e  in 

the  o th e r  f o u r  w id espread  rhonch i  were heard on one o r  both  s ide s  

o f  t h e  c h e s t .  C ra c k le s  and rhonch i  were p resen t  t o g e t h e r  in  

e i g h t  cases (44%) and both  were heard b i l a t e r a l l y  in  f o u r  (22%). 

Only c r a c k l e s  were d e te c te d  in AlO and o n l y  rhonch i  in A 2 .

Cases A 16 and A8 wh ich  were the  most s e v e r e l y  a f f e c t e d  on 

a d m is s io n ,  were s l i g h t l y  d u l l ,  both  coughed f r e q u e n t l y  (AS in 

paroxysms) and both were g r o s s l y  hype rpn oe ic  a t  r e s t .  Case A16 

was in  co r  pulmona le  w i t h  a l l  the  obv ious  s ign s  o f  c o n g e s t i v e  

c a r d ia c  f a i l u r e  in c a t t l e  (marked ly e n la rg e d ,  s l i g h t l y  p u l s a t i n g  

j u g u l a r  and mammary v e i n s ,  b r i s k e t  oedema, a p a lp a b ly  e n la rge d  

l i v e r ,  t a c h y c a r d ia  and a poor pu lse  vo lume) .  Case A8 was 

p ro b a b ly  in  the  e a r l y  s tages  o f  cor  pulmonale  because t h e r e  were 

e n la rg e d ,  n o n - p u l s a t i n g  j u g u l a r  v e in s ,  t a c h y c a r d ia  and poor pu lse  

volume.

C h ro n ic  f a r m e r ' s  lung Compared w i t h  the  a cu te  form o f  the  

d is e a s e ,  t h e r e  was a much lo nge r  de lay  f rom the  t im e  th a t  the  

c h r o n i c  cases were f i r s t  seen t o  be i l l  and t h e i r  be ing a d m i t t e d  

t o  the  V e t e r i n a r y  School (Tab le  9 ) .  Only f i v e  an im a ls  (19%) 

came in  w i t h i n  f o u r  weeks and,  a l t h o u g h  14 (52%) were a d m i t te d  

a f t e r  one t o  s i x  months ,  a n o th e r  f i v e  cases (19%) were not  

a d m i t t e d  u n t i l  more than 12 months had e la psed .

When they  were a d m i t t e d  (Tab le  lO ) ,  20 cases (75%) were in 

poor or in  ve ry  poor b o d i l y  c o n d i t i o n  and,  w i t h  the  e x c e p t i o n  o f  

C2, Cl 6 and C21, a l l  were a l e r t .  Of the 25 a n im a ls  (93%) wh ich  

were coug h ing ,  n in e  (33%) d id  so o c c a s i o n a l l y  and 16 (59%) d id  so 

f r e q u e n t l y ;  f i v e  o f  the  l a t t e r  group (C6, C12, CIS,  C19, C23) 

had f r e q u e n t  paroxysms. P r o d u c t i v e  cough ing was observed w i t h  

f i v e  a n im a l s ,  f o u r  o f  wh ich  coughed f r e q u e n t l y  (C3, C4, C2Û, C26) 

and one (C5) o c c a s i o n a l l y .  Cases C21 and C24 were n e i t h e r  heard 

nor  seen t o  cough.
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A p a r t  f rom C l l ,  eve ry  case was h ype rp noe ic  w i t h  20 (74%) 

be ing  m o d e ra te ly  o r  g r o s s l y  a f f e c t e d .  T w e n ty - th r e e  an im a ls  

(85%) were t a c h y p n o e ic  and in 11 (41%) the  r e s p i r a t o r y  r a t e s  

were in  excess o f  40 per  m in u te .  Cl 6 had the  f a s t e s t  r e s p i r a 

t o r y  r a t e  a t  70 per  m in u te .

A d v e n t i t i o u s  lung  sounds (Tab le  12) were d e te c te d  In 18 

cases (66%). The c r a c k l e s  wh ich  were d e te c te d  In 16 an im a ls  

(59%) were b i l a t e r a l *  In 13. When p r e s e n t ,  they  were l o c a l i s e d  

a n t e r o - v e n t r a 11 y excep t  in  Cl 8 and C21 In wh ich  they  were 

w idespread  over  both  lung f i e l d s  and In C25, in  wh ich  they  were 

w idespread  on th e  l e f t  and a n t e r o - v e n t r a 1 on the  r i g h t .  The 

rhonch i  wh ich  were p re s e n t  in  14 cases (52%) were b i l a t e r a l  in  

11. In f o u r  o f  these  11 a n im a l s ,  they were l o c a l i s e d  a n t e r o -  

v e n t r a l l y  and in  three,  they  were w idesp rea d .  In t h r e e  o f  the  

rem a in in g  cases ,  the  rhonch i  were l o c a l i s e d  on one s id e  and 

w idespread  on th e  o t h e r  w h i l e  in  C23 they  were l o c a l i s e d  a n t e r o -  

v e n t r a l l y  on the  l e f t  bu t  were o n l y  heard over the  d ia p h ra g m a t i c  

area on the  r i g h t .  C ra c k le s  and rhonch i  were p re sen t  t o g e th e r  

in  12 cases (44%) and both were heard b i l a t e r a l l y  in e i g h t  (30%). 

C ra c k le s  a lo n e  were d e te c te d  in  C l ,  C5, C6 and Cl 8 and o n l y  

rhonch i  were heard in C8 and C l 4.

Cases C2 and C21 showed obv ious  s ig ns  o f  c o n g e s t i v e  c a r d ia c  

f a i l u r e  and were t h e r e f o r e  c o n s id e re d  t o  be in c o r  pu lmona le .

(4) L a b o r a t o r y  f i n d i n g s

Haematology In 14 a c u te  cases (78%) a t  l e a s t  one measurement 

was o u t w i t h  the  re co g n ise d  normal range and in  11 (61%) they  were

marked ly  d i f f e r e n t  (Tab le  13) .  The most common a b n o r m a l i t y  was 

a r e v e r s a l  o f  the  n e u t r o p h i 1/ I y m p h o c y te  r a t i o  and t h i s  o cc u r re d  

in  e i g h t  cases (50%) in wh ich  a d i f f e r e n t i a l  w h i t e  c e l l  coun t  had 

been done.  A n e u t r o p h i l i a  in  excess o f  60 per  cen t  w a s .p r e s e n t  

in  f o u r  cases and in  A5,  t h e r e  was a n e u t r o p h i l i a  o f  68 .5  per  

c e n t  and a l s o  a l e u c o c y t o s i s  o f  22,000 c e l l s  per c u b i c  mm.

There 'was a marked e o s i n o p h i l  ia in  two cases ,  33 per cen t  in  AlO 

and 31 per cen t  in  A l 4 ,  and a r e d u c t i o n  in t h e  amount o f  

haemoglobin  and in  the  number o f  red b lood  c e l l s  in  f o u r  cases 

(24%) .
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T A B L E  12

The d e t a i l e d  f i n d i n g s  in the  18 c h r o n i c  f a r m e r ' s  lung cases 

in  wh ich  a d v e n t i t i o u s  lung sounds were d e te c te d  on a u s c u l t a t i o n .

Case Number

1 2 5 6 8 9 12 13 14 16 17 18 19 20 21 22 23 25 T o ta l

C ra c k le s  L e f t  - 1 1 1 - 1 1 1 - 1 1 1 1 1 1 1 1 1  15

R ig h t  1 - 1 - - 1 1 1 - 1 1 1 1 1 1 1 1 1  14

Rhonch i

L e f t  -  A/V - - - - - -  1 1 1 1 - 1 - - 1 - 1  7

L e f t  -  w idespread 1 - - 1 1  1 - - - - - - -  1 - 5

R ig h t  - A/V 1 - - - - 1  1 1 1 -  -  -  -  1 -  6

R ig h t  -w idesp read  -  -  -  1 1 -  -  1 -  -  - 1 1 1 6

-  d o rsa l  „  \

A/V -  a n t e r o - v e n t r a 1 .
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A t  l e a s t  one measurement was o u t w i t h  the  normal range in 

eve ry  c h r o n i c  case a p a r t  f rom C6, but  in  o n l y  21 cases (78%) 

were they  c o n s id e re d  t o  be marked ly  d i f f e r e n t  (Table 14) .  The 

most common a b n o r m a l i t y  was a g a in  found to  be a r e v e rs a l  o f  the 

n e u t r o p h i l / I y m p h o c y t e  r a t i o  and t h i s  o ccu r re d  in 15 coses (63%) 

in  wh ich  a d i f f e r e n t i a l  w h i t e  c e l l  coun t  had been done. There 

was a n e u t r o p h i l i a  in excess o f  6o per cent  in  t h r e e  cases and in 

Cl 3, the  n e u t r o p h i l i a  was 74 per c e n t .  L e u c o c y to s i s  wa s p resen t  

in f i v e  a n im a ls  and leucopaen ia  in t h r e e ;  in  C27 the  t o t a l  w h i t e  

c e l l  coun t  was o n l y  3,000 c e l l s  per c u b i c  mm. An e o s i n o p h i l  ia 

o f  9 per  cen t  o r  more was p re sen t  in  f i v e  cases (19%). There 

was a r e d u c t i o n  In the  amount o f  haemoglob in and in  th e  number o f  

red b lood  c e l l s  in  f i v e  cases (19%).

Blood b i o c h e m is t r y  in every  animal  w i t h  a c u te  f a r m e r ' s  lung 

excep t  A 2 , a t  l e a s t  one parameter  was o u t w i t h  t h e  normal range ,  

bu t  those  c o n s ide re d  t o  be s i g n i f i c a n t  a re  p resen ted  in Tab le  15. 

By f a r  the  commonest a b n o r m a l i t y  was an in c re a se  in  the  amount o f  

g l o b u l i n  wh ich  o c c u r re d  in  12 cases (67%). In A12 and A 16, 

t h e r e  was a l s o  a marked decrease in  the  amount o f  a lb um in .  

Parameters o th e r  than serum p r o t e i n s  were found to  be a b n o rm a l l y  

h ig h  in seven a n im a ls  (SCOT in f o u r  cases ,  b i l i r u b i n  in t h r e e  

cases ,  a l k a l i n e  phosphatase in two cases and urea in  one c a s e ) .

in  eve ry  animal  w i t h  c h r o n i c  f a r m e r ' s  lung  excep t  C l l ,  a t  

l e a s t  one parameter  was o u t w i t h  the  normal range,  but  those 

c o ns ide re d  t o  be s i g r i f i c a n t  a re  presen ted  in Tab le  16, An 

in c re ase  in the  amount o f  g l o b u l i n  was a ga in  the  commonest 

a b n o r m a l i t y  and t h i s  o c c u r re d  in 19 cases (70%). There was a 

marked decrease  in the  a lbum in  le v e l  in  f i v e  an im a ls  (.19%) w i t h  

the  lo w es t  va lues  be ing  in  C6 and Cl 6 in  wh ich  t h e r e  were 13 and 

14 grams per l i t r e  r e s p e c t i v e l y .  Parameters o th e r  than serum 

p r o t e i n s  were found t o  be a b n o rm a l l y  h igh  in  e i g h t  an im a ls  

( b i l i r u b i n  in seven cases ,  SCOT in  t h r e e  cases ,  a l k a l i n e  

phosphatase and urea each in  two ca ses ) .

P r e c i p i t a t i n g  a n t i b o d i e s  to  H. fa e n i  were p resen t  in  eve ry  

case o f  f a r m e r ' s  lung d iscussed  in  t h i s  s tu d y .

In cases A l 6 ,  C2 and C21 , wh ich  we re d i a r r h o e i c ,  the  plasma 

pepsinogen va lues  were w i t h i n  the  normal range.
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Faeces e x am ina t io n  !n cases A 16, C2 and C21 , which were d i a r r -  

hoe i c, no S t r o n g y le  eggs were seen and no clumps o f  a c i d - f a s t  

b a c i l l i  were obse rved .  D. v i v i parus la r v a e  were not  i d e n t i f i e d  

in  any o f  the samples f rom these  45 cases o f  r e s p i r a t o r y  d isease .

U r i n e  e xa m in a t io n  P r o t e i n u r i a  g r e a t e r  than t w ic e  the  normal 

range was p re sen t  in  f o u r  cases (A13, C2, Cl 2,  C23) . in  C2 

t h e r e  were 7.0  grams per l i t r e  o f  p r o t e i n  in the  u r i n e .

(5) T rea tm ent  o f  f a rm e r 's  l u n cases

D e t a i l s  o f  the  t r e a tm e n t  g ive n  on the  farm t o  16 a cu te  

(89%) and f o u r  c h r o n i c  cases (15%) a re  g iven  in Tab le  17 and 

the  i n d i v i d u a l  fa rm ers  were asked f o r  t h e i r  assessment o f  the  

success o f  the  t r e a t m e n t s .  A "good" c l i n i c a l  response was 

produced In e i g h t  o f  the  11 a c u te  cases t h a t  were g iven  

betamethasone ( B e ts o la n :  Glaxo L a b o r a to r i e s  L t d . ,  M id d le sex )

f o r  t h r e e  s u cce ss ive  days .  A poor c l i n i c a l  response r e s u l t e d  

f rom the  use o f  a n t i b i o t i c  th e ra p y  a lo ne  in  e i g h t  cases and a l s o  

when t r ip e lennam in e  (V e t i be n z a m ine ; C ib a -G e igy ,  (U .K . )  L t d . )  

was g iven  a lo ng  w i t h  an a n t i b i o t i c  t o  A 1 . The a n t i b i o t i c s  used 

were p r o p r i e t a r y  brands o f  p e n i c i l l i n ,  p e n i c i l l i n  and s t r e p t o 

mycin o r  o x y t e t r a c y c l i ne and the  p r e p a r a t i o n s  were u s u a l l y  g iven  

Î n t r a - m u s c u 1 a r 1 y f o r  t h r e e  s u ccess ive  days.

DISCUSSION

I t  was found t h a t  f a r m e r ' s  lung in  c a t t l e  co u ld  be e i t h e r  

a sudden onse t  (acute)  o r  an i n s i d i o u s  onse t  ( c h r o n i c )  d i s o r d e r .  

R e s p i r a t o r y  d i s t r e s s ,  a n o r e x i a ,  cough ing and a marked decrease  in 

m i l k  y i e l d  were the  main p r e s e n t i n g  s ig ns  in the  a cu te  form w h i l e  

cough ing and hyperpnoea were by f a r  the  commonest p re s e n t i n g  s ign s  o f  

the  c h r o n i c  c o n d i t i o n .  In man, the  p a t i e n t ' s r e a s o n s  f o r  c o n s u l t i n g  

h i s  d o c t o r  t o g e th e r  w i t h  th e  l e t t e r ' s  abnormal c l i n i c a l  f i n d i n g s  a t  

th e  i n i t i a l  p h y s i c a l  e x a m in a t io n  c o n s t i t u t e  " p r e s e n t i n g  s i g n s " .  The 

c l i n i c a l  symptoms o f  f a r m e r ' s  lung  have been s a id  t o  be more s t r i k i n g  

t h a t  the  p h y s i c a l  s ig n s  (109,  198, 250) .  I f  what t h e  p a t i e n t  

h i m s e l f  f e e l s  is  wrong and,  t h e r e f o r e  what he comp la ins  about  t o  h i s  

d o c t o r ,  a re  accep ted  as c l i n i c a l  symptoms and p h y s i c a l  or  c l i n i c a l  

s ig n s  a re  the  a b n o r m a l i t i e s  wh ich  can be d e te c te d  by the  c l i n i c i a n  

d u r i n g  a p hy s i c a l  e x am ina t io n  (229) ,  then I t  f o l l o w s  t h a t  the  d ia g n o s is



T A B L E  17

The t re a tm e n ts  g iven  to  20 cases o f  f a r m e r ' s  lung  and the  

r e s u l t a n t  c l i n i c a l  response .

case
T rea tm en t  C l i n i c a l  Response

No. A n t i b i o t i c s  Betamethazone T r ip e le n n a m in e ^  Good Poor

A 1 + 4-

A2 + + +

A 3 +

A 4 + +

A5 + +

A6 + +

A 7 •

A8 i '  + 4-

A 5 + + -v

A 12 + + -r

A 13 4"

A l 4  + + +

A lb  ^  4- +

A 16 + + +

A17 + + +
A 18 + 4- 4

03 + +

C4 + 4

05 4- 4-

016 + 4-

"  -  B e ts o la n ,  Glaxo.

+ -  V e t ib e n z a m in e , C ib a -G e ig y ,



o f  f a r m e r ' s  lung in c a t t l e  is  l i k e l y  to  be much more d i f f i c u l t  than 

in  man.

Both c o n s i t u t i o n a 1 and r e s p i r a t o r y  symptoms a re  p re sen t  in 

th e  a c u te  stage o f  f a r m e r ' s  lung in man (Tab le 1) and e i t h e r  may be the  

reason f o r  medical  a d v i c e  be ing  sought  (89) .  A l th o u g h  the  presence 

o f  c o n s i t u t i o n a 1 symptoms cannot  be co n f i rm e d  in c a t t l e ,  e v id ence  o f  

genera l  m a la ise  can be i n f e r r e d  f rom observed changes In the  a n i m a l ' s  

per fo rm ance  a n d / o r  b e h a v io u r ;  these  changes may be the  reasons g iven  

by the  fa rm er  f o r  seek ing  v e t e r i n a r y  a d v i c e .  S ince the  modern d a i r y  

cow is  a h i g h l y  " t u n e d "  a n im a l ,  a n y th i n g  t h a t  a d v e r s e l y  a f f e c t s  her  

h e a l t h  w i l l  reduce her p r o d u c t i v e  e f f i c i e n c y  and t h i s  w i l l  m a n i f e s t  

I t s e l f  in a decreased p r o d u c t i o n  o f  m i l k .  A d e t e c t a b l e  r e d u c t i o n  in 

m i l k  y i e l d  o c c u r re d  in every  l a c t a t l n g  d a i r y  cow wh ich  developed acu te  

f a r m e r ' s  lung  and,  in  the  most s e v e r e l y  a f f e c t e d  a n im a l s ,  t h e r e  was 

a g a l a c t i a .  T h is  was the  o n l y  c l i n i c a l  s ign  t h a t  a f f e c t e d  100 per 

cen t  o f  the  p o p u la t i o n  a t  r i s k .  A common, n o n - s p e c i f i c  s ign  o f  

i l l n e s s  i s  a decreased a p p e t i t e  and most o f  the  a c u te  cases were 

a n o r e x i c .  A l t h o u g h  seve ra l  a n im a ls  were n o t i c e d  to  have been d u l l  

d u r in g  th e  a cu te  r e s p i r a t o r y  e p i s o d e ,  no t  a l l  d yspnoe ic  an im a ls  

expe r ie nced  a change in  demeanour as m igh t  have been expec ted .

That  p y r e x ia  was d e te c te d  in less  than h a l f  the  a cu te  cases 

was a l s o  r a t h e r  unexpec ted.  However, i t  has been shown than an 

inc reased  tem pe ra tu re  is  o n l y  p resen t  f rom abou t  f o u r  t o  12 hours 

a f t e r  exposure  in man (287) and f rom about  seven t o  11 hours p o s t 

exposu re  in c a t t l e  (207) .  C onsequen t ly ,  i f  the  te m p e ra tu re  had been 

taken o u t w i t h  these  r e l a t i v e l y  nar row t ime l i m i t s ,  then  i t  would have 

been w i t h i n  the  re cogn ise d  normal range.  Sweat ing  was never observed 

in  any o f  these  cases ,  even when a tem pe ra tu re  o f  105°F was re co rd ed ;  

t h i s  is  not  because c a t t l e  do no t  have the  a b i l i t y  t o  sweat bu t  a lm os t  

c e r t a i n l y  because bov ine  sweat g lands  a re  much le ss  a c t i v e  than a re  

human sweat g lands  ( 6 ) .

C o n s t i t u t i o n a l  symptoms a re  no t  u s u a l l y  a s s o c ia te d  w i t h  the  

onse t  o f  c h r o n i c  f a r m e r ' s  lung in man (Tab le  1 ) .  !n t h i s  s e r i e s  o f  

27 cases o f  c h r o n i c  " b o v i n e "  f a r m e r ' s  lu n g ,  c l i n i c a l  s ig n s  s u g g e s t i v e  

o f  g e n e r a l i s e d  m a la is e  were d e te c te d  in e i g h t  a n im a l s ,  f i v e  o f  wh ich  

came f rom the  same fa rm .  These f i v e  were sa id  t o  have been s l i g h t l y  

d u l l ,  t o  have had a poor a p p e t i t e ,  t o  have had a reduced m i l k  y i e l d  

and t h r e e  o f  them were the  o n l y  c h r o n i c  cases in  wh ich  p y r e x ia  was



d e te c te d .  One oF the  o t h e r s  came f rom a farm where f a r m e r ' s  lung 

d ise ase  was a c o n f i rm e d  problem in  the  herd and a n o th e r  had had 

severa l  m i l d  hype rpn oe îc  e p i s o d e s .  Desp i te  t h e i r  never hav ing  been 

observed to  have had a c u te  pneumonic ep isod e s ,  seven o f  these  e i g h t  

cases were p ro b a b ly  more t y p i c a l  o f  a sub -acu te  r a t h e r  than a c h r o n i c  

phase (89) .

In the  human form o f  the  d is e a s e ,  dyspnoea,  o r  the  f e e l i n g  

o f  b r e a t h l e s s n e s s ,  has been s t a t e d  t o  be a t  i t s  w o rs t  d u r i n g  an a cu te  

a t t a c k  p a r t i c u l a r l y  d u r i n g  the  f e b r i l e  p e r io d  (71) and,  in  se vera l  o f  

the  i n i t i a l  r e p o r t s ,  i t  was emphasised t h a t  the  "dyspnoea was o u t  o f  

a l l  p r o p o r t i o n  to  the  o t h e r  c l i n i c a l  s i g n s "  (75,  164, 251,  286 ) .  An 

in c re a s e  in  the  dep th  o f  r e s p i r a t i o n  was observed in every  a cu te  case 

excep t  A l l ,  wh ich  was examined on the  farm w h i l e  in  l a t e r a l  recumbency,. 

When the y  were f i r s t  seen t o  be i l l ,  h a l f  the  d yspnoe ic  cases were 

m o u th - b r e a th in g  and ,  w i t h  o th e r  r e s p i r a t o r y  d is e a s e s ,  t h i s  i s  a g rave  

p r o g n o s t i c  s i g n .  Y e t ,  no t  one o f  these  f i v e  a n im a ls  d i e d ,  o r  even 

looked  l i k e  d y i n g ,  on the  farm w i t h  the  p o s s i b l e  e x c e p t io n  o f  A I 6 

wh ich  was in co r  pu lmona le .  Indeed ,  two fa rmers  commented on the  

speed w i t h  wh ich  t h e i r  cows re c o v e r e d ;  A14 was sa id  t o  have g iven  f o u r  

g a l l o n s  o f  m i l k  o n l y  24 hours a f t e r  she had been s e v e r e l y  d y spn oe ic .  

Hyperpnoea was a p r e s e n t i n g  s ig n  in 23 c h r o n i c  cases and in a no th e r  

two a n im a l s ,  dyspnoea was observed a f t e r  a minimal  amount o f  w a l k i n g .  

A l t h o u g h  e x e r t i o n a l  dyspnoea was a p r e s e n t i n g  s ig n  in seven a n im a ls  

in  t h i s  s e r i e s  ( two a cu te  and f i v e  c h r o n i c ) ,  l e s s e r  degress o f  e x e r c i s e  

i n t o l e r a n c e  in o t h e r  a n im a ls  had p ro ba b ly  gone u n n o t i c e d .

In t h e i r  su rvey  o f  f a r m e r ' s  lu n g ,  S ta in e s  and Forman (1961) 

found t h a t  dyspnoea and cough ing  were the  most t roub lesome symptoms 

and,  in  75 per cen t  o f  t h e i r  cases ,  a c o m b in a t io n  o f  these  two symptoms 

was the  f i r s t  ev id ence  o f  r e s p i r a t o r y  d is e a s e .  In t h i s  s u rv e y ,  these 

two c l i n i c a l  s ig ns  were observed t o g e th e r  in the  same p r o p o r t i o n  o f  

cases ( 76%), a l t h o u g h  cough ing  was noted le ss  f r e q u e n t l y  in  the  a c u te  

compared w i t h  the c h r o n i c  fo rm  o f  th e  d is e a s e .  The cough ing was o n l y  

n o t i c e d  t o  have been p r o d u c t i v e  when la r g e  amounts o f  t e n a c io u s ,  g r e y -  

g re e n is h  mucus were observed on the  byre  w a l l  in  f r o n t  o f  the  

i n d i v i d u a l  animals .  Severa l  d a i r y  fa rmers  s a id  t h a t ,  r e t r o s p e c t i v e l y ,  

t h a t  they  had observed mucus in f r o n t  o f  a few cows wh ich  had 

su bse q u e n t l y  been c u l l e d  because o f  t h e i r  u n s a t i s f a c t o r y  per fo rm ance.



W ith  both forms o f  the  d is e a s e ,  tachypnoea was re p o r te d  as 

be ing  p re sen t  in s l i g h t l y  le ss  than n a l f  the  cases.  i t  would appear 

t h a t  " l i f t i n g "  o r  " t i f t i n g " ,  as hyperpnoea Is c a l l e d  c o l l o q u i a l l y ,  

i s  more e a s i l y  a p p r e c ia t e d  in  c a t t l e  a t  r e s t  o r  Is cons ide re d  to  be a 

b e t t e r  i n d i c a t i o n  o f  r e s p i r a t o r y  d ise ase  than s im p ly  an in c re ase  in  

t h e  r e s p i r a t o r y  r a t e .  Perhaps t h i s  is  because w idespread tachypnoea 

i s  commonly observed when cows a re  housed in a warm e nv i ronm e n t ,  and,  

in  the  absence o f  o t h e r  c l i n i c a l  s ig ns  o f  r e s p i r a t o r y  d is e a s e ,  an 

e le v a te d  r e s p i r a t o r y  r a t e  is  no t  co ns ide red  t o  be im p o r t a n t .

There was a h i s t o r y  o f  w e ig h t  loss  w i t h  12 a n im a ls ,  ten  o f  

wh ich  were c h r o n i c  cases.  Since 11 had been fed  hay sa id  by the 

fa rmer  t o  have been mouldy o r  ve ry  mouldy ,  the  most obv ious  e x p l a n a t i o n  

f o r  t h e i r  loss  in c o n d i t i o n  is  t h a t  the  h e a t in g  and mou ld ing  had 

marked ly  reduced the  n u t r i t i v e  v a lu e  o f  the  c ro p .  The hay f rom a 

farm f rom which f i v e  o f  the  11 cases were a d m i t te d  (Chapter  2,  S e c t io n  

I ,  Herd 2) was a na lysed  and no g ross  d e f i c i e n c i e s  were found (220) .  

However, i t  i s  d i f f i c u l t  t o  o b t a i n  a sample o f  hay f o r  a n a l y s i s  t h a t  

i s  r e p r e s e n t a t i v e  o f  one b a le  l e t  a lo ne  o f  the  t o t a l  c ro p .  Never 

t h e l e s s ,  a decrease  In f e e d in g  v a lu e  must s t i l l  be borne in mind 

p a r t i c u l a r l y  w i t h  regard  t o  bee f  c a t t l e  f o r  wh ich  hay may form the  

m a jo r  p a r t  o f  the d i e t  in  w i n t e r ,  compared w i t h  d a i r y  c a t t l e  wh ich 

have access t o  o th e r  food  s t u f f s ,  in o l d e r  cows, a gradua l  lo s s  o f  

w e ig h t  i s  u s u a l l y  c o n s id e re d  t o  be more a s ign  o f  o l d  age r a t h e r  than 

an i n d i c a t i o n  o f  d i s e a s e ,  A s i g n i f i c a n t  lo ss  in w e ig h t  can occur  in  

the  human w i t h i n  a r e l a t i v e l y  s h o r t  p e r io d  f o l l o w i n g  an a cu te  a t t a c k  

o f  f a r m e r ' s  lung  (6 0 , 71 j 251,  286) as w e l l  as d u r in g  the  c h r o n i c  

s tage  o f  the  d isease  (89 ) ,  in  n e i t h e r  o f  the  a c u te  bov ine  cases 

cou ld  the  w e ig h t  lo ss  be a t t r i b u t e d  d i r e c t l y  t o  the  a cu te  ep isode  o f  

f a r m e r ' s  l u n g ;  A16 had been seen t o  be l o s i n g  w e ig h t  f o r  severa l  weeks 

p r i o r  t o  the  sudden onse t  pneumonic a t t a c k  and A3 had l o s t  w e ig h t  

d u r in g  the  t h r e e  p re v io u s  w i n t e r s  o n l y  t o  put  i t  back on a ga in  d u r in g  

the  f o l l o w i n g  summer g r a z in g  p e r i o d .  T h is  f i n d i n g  o f  w e ig h t  loss  

d u r in g  the  w i n t e r  and w e ig h t  ga in  d u r in g  the  summer was n o t i c e d  by 

se vera l  fa rmers  and p ro v id e d  f a i r l y  s t r o n g  c i r c u m s t a n t i a l  ev idence  t h a t  

i t  was exposure t o  mouldy hay t h a t  was re s p o n s ib le  f o r  these  an ima ls  

l o s i n g  c o n d i t i o n .

In a d d i t i o n  t o  t h e i r  g a i n i n g  w e ig h t  d u r in g  the  summer w h i l e  

a t  g ra s s ,  the  r e s p i r a t o r y  s ig ns  became less  severe  and t h i s  is

0



one reason why severe  r e s p i r a t o r y  d isease  was a ppa re n t  in  sc few 

a n im a ls  on a d m is s io n .  When i t  was obv ious  t h a t  these  cases were no t  

go ing  to  d i e ,  they were kept  and s o ld  a t  the  end o f  the  nex t  summer 

when they  were w o r th  more money. Even a l l o w i n g  f o r  the  de lay  between 

the  t im e  t h a t  the  a n im a ls  were f i r s t  seen to  be i l l  and t h e i r  being 

a d m i t t e d  t o  the  V e t e r i n a r y  Schoo l ,  c l i n i c a l  ev id ence  o f  r e s p i r a t o r y  

d ise ase  was s t i l l  d e te c te d  in  every  case.

A l l  12 cows in  wh ich  d u l l n e s s  had been a p r e s e n t i n g  s ign  

were a l e r t  on a dm iss io n  a l t h o u g h  f i v e  o t h e r s ,  f o u r  o f  wh ich  had co r  

pu lmona le ,  were co n s id e re d  t o  be d u l l .  Not  one o f  the  45 cases was 

dyspnoe ic  a t  r e s t  in  the  V e t e r i n a r y  Schoo l ,  a l t h o u g h  a l l  bar one were 

h y p e rp n oe ic .  The e x c e p t io n  ( C l l )  had been coug h in g ,  hype rpn oe ic  and 

t a c h y p n o e ic  d u r i n g  th e  s e r o l o g i c a l  survey  b u t ,  f o l l o w i n g  a s i x  month 

g ra z in g  p e r i o d ,  o c c a s io n a l  cough ing  was the  o n l y  ev idence  o f  

r e s p i r a t o r y  d ise ase  t h a t  p e r s i s t e d .  Nine  o f  the  11 cases t h a t  were 

g r o s s l y  h yp e rp n oe ic  were examples o f  the  c h r o n i c  fo rm o f  the  d is e a s e .

A l th o u g h  cough ing was not  n o t i c e d  to  be a p r e s e n t in g  s ign  

in  s i x  a c u te  and two c h r o n i c  cases ,  on adm iss io n  o n l y  t h r e e  o f  these  

an im a ls  were not  heard t o  cough and one o f  them (C21) was in  the  

te r m in a l  s tages  o f  co r  pu lmona le .  When they  were f i r s t  seen t o  be 

1 1 1 , some o f  these  cows may v e r y  w e l l  have been cough ing  but  t h i s  

had gone u n n o t i c e d  s in c e  many f a r m e r ' s  and even some v e t e r i n a r y  

surgeons s t i l l  do not  re gard  cough ing in c a t t l e  as abnormal ( l l O ,  294) ,  

Coughing was " n o r m a l "  in  many herds no t  because the  cows were h e a l t h y  

as were g e n e r a l l y  supposed,  but  because many were a f f e c t e d  w i t h  m i l d  

f a r m e r ' s  lung d is e a s e .  T h is  has been c o n f i rm ed  by th e  purchase o f  

" h e a l t h y "  c u l l  cows f rom a few o f  these  i ierds and,  d e s p i t e  the  

absence o f  o th e r  s ig n s  o f  r e s p i r a t o r y  d is e a s e ,  l e s i o n s  o f  f a r m e r ' s  

lung  were found a t  necropsy  ( 292). Tachypnoea was n o t i c e d  t o  be 

a p r e s e n t i n g  s ig n  in  le ss  than h a l f  the  cases and y e t  85 per cen t  were 

ta c h y p n o e ic  when a d m i t t e d .  Three o f  the  f o u r  cows wh ich  had

normal r e s p i r a t o r y  r a t e s  were a d m i t t e d  a t  the  end o f  the  summer and the  

l a c k  o f  exposure  t o  M. f a e n i had led  t o  a marked improvement in  t h e i r  

pulmonary f u n c t i o n .

A d v e n t i t i o u s  lung sounds were d e te c te d  in  o n l y  s i x  cases 

( f o u r  a c u te  and two c h r o n i c )  when r e s p i r a t o r y  d isease  was f i r s t  

d iagnosed whereas,  on a d m is s io n ,  they were heard in  ten  a cu te  (56%) 

and 18 c h r o n i c  (66%) cases ,  in  both forms o f  the d i s e a s e ,  the
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a d v e n t i t i o u s  sounds were u s u a l l y  heard In the  a n t e r o - v e n t r a 1 o r  

dependent  p a r t s  o f  the  lu n g s .  Sn the  more s e v e r e l y  a f f e c t e d  cases ,  

they  cou ld  be heard a l l  over  one o r  both  lung f i e l d s .  I t  was assumed 

t h a t  t h e  h ig h e r  p re va le nce  o f  b i l a t e r a l  a d v e n t i t i o u s  sounds in the  

c h r o n i c  compared w i t h  t h e  a c u te  cases was i n d i c a t i v e  o f  a more severe  

pulmonary in v o lv e m e n t ,  a f i n d i n g  t h a t  was co n f i rm e d  a t  necropsy  

(Chapter  4 ,  S e c t io n  V ) .  In both  forms o f  the  d is e a s e ,  c r a c k le s  were 

most f r e q u e n t l y  heard towards  the  end o f  i n s p i r a t i o n  and sometimes 

they  were o n l y  p resen t  f o r  f o u r  o r  f i v e  r e s p i r a t i o n s  a f t e r  the  animal 

had coughed. Widespread f i n e  c r a c k l e s  ( c r e p i t a t i o n s )  a re  heard in 

a c u te  as opposed t o  c h r o n i c  f a r m e r ' s  lung in  man (30, 4 0 , 71, 75,  89, 

109, 198, 202, 251) .  Khonchi have not  been ment ioned in the  recen t  

c l i n i c a l  r e p o r t s  o f  f a r m e r ' s  lu ng  (30,  71, 109, 198) a l t h o u g h  In the  

e a r l i e r  d e s c r i p t i o n s  i t  was s t a t e d  t h a t  they  were p resen t  in  a few 

cases (4o, 75, 250 ) .  I t  is  now accepted  t h a t  the  p h y s i o l o g i c a l  

a b n o r m a l i t i e s  in  f a r m e r ' s  lung  cannoL be e x p la in e d  on th e  b as i s  o f  

a s im p le  d i f f u s i o n  d e f e c t  and an o b s t r u c t i v e  p r o f i l e  s i m i l a r  t o  t h a t  

o f  c h r o n i c  b r o n c h i t i s  has been found in a lm os t  30 per cen t  o f  cases 

( 107, 109, 233) .  As rhonch i  can be produced by a i r  pass ing  th rough  

narrowed a i rw a y s  (5 2 ) ,  then i t  i s  no t  s u r p r i s i n g  t h a t  they  can be 

heard on a u s c u l t a t i o n .  B r o n c h i t i s  and b r o n c h i o l i t i s  were p resen t  

in  a l l  these  c a t t l e  cases a t  nec ropsy  (Chapter  4 ,  S e c t i o n  V).

Emphysema was no t  d e te c te d  in any o f  the  45 bov ine  cases 

a l t h o u g h  i t  i s  o f t e n  p re sen t  in  th e  t e r m in a l  s tages o f  the  c h r o n i c  

d ise ase  in man (71,  89,  23 4 ) .  In c a t t l e ,  pulmonary emphysema is  

a lm o s t  a lways  t o  be found in  the  r e l a t i v e l y  lo o s e ,  i n t e r - l o b u l a r  

c o n n e c t i v e  t i s s u e  hav ing  r e s u l t e d  f rom r u p tu r e  o f  the  a l v e o l i .  On 

a u s c u l t a t i o n ,  loud c r a c k l i n g  can o f t e n  be hea rd ,  u s u a l l y  over the  

d ia p h r a g m a t i c  l o b e s ,  and t h i s  i s  a c h a r a c t e r i s t i c  f e a t u r e  o f  s p e c i f i c  

pulmonary d i s o r d e r s  such as fog  f e v e r  and p a r a s i t i c  b r o n c h i t i s .

I t  Is  u n i v e r s a l l y  agreed t h a t  a p a r t  f rom the  presence o f  

p r e c i p i t a t i n g  a n t i b o d i e s  to  M. f a e h i  In acu te  cases ,  t h e r e  Is  no 

c o n f i r m a t o r y  l a b o r a t o r y  t e s t  f o r  f a r m e r ' s  lung in  man (52,  86 ) .  

P r e c i p i t i n s  t o  M. faen i were p re se n t  in  a l l  these  bov ine  cases and, 

a l t h o u g h  f a r m e r ' s  l u n g - l i k e  l e s i o n s  have been observed in a few 

M. fa e n i  p r e c i p i t i n - n e g a t i v e  c a t t l e  (292) ,  such cases have no t  been 

i n c lu d e d  in t h i s  s t u d y .  In s p i t e  o f  a t  l e a s t  one o f  the  haemato-  

l o g i c a l  and b lood  b io chem ic a l  e s t i m a t i o n s  be ing o u t w i t h  the  accep ted



normal range în a lm os t  every  case,  no r e g u l a r  p a t t e r n  was found t h a t  

would  be u s e fu l  in  the  d ia g n o s i s  o f  f a r m e r ' s  lung in c a t t l e .  Perhaps 

t h i s  was to  be expec ted  s in c e  most o f  these cases were adm it ^ed  and 

sampled a t  l e a s t  f o u r  weeks a f t e r  the  r e s p i r a t o r y  s ig n s  were f i r s t  

n o t i c e d .  T h e r e f o r e ,  the  search f o r  s p e c i f i c  a b n o r m a l i t i e s  was 

l i m i t e d  to  the  ten  a c u te  cases a d m i t t e d  w i t h i n  t h r e e  weeks f o l l o w i n g  

an a c u te  r e s p i r a t o r y  e p isod e .

The normal n e u t r o p h i l / l y m p h o c y t e  r a t i o  in  c a t t l e  is  around 

0 .5  and,  in  s i x  o f  th e  ten  s e le c te d  cases,  t h i s  r a t i o  was reve rse d  and 

in  f o u r ,  a n e u t r o p h i l i c  l e u c o c y t o s l s  was p re s e n t .  Some o f  t h i s  e f f e c t  

may indeed have r e s u l t e d  f rom an a cu te  ep isode o f  f a r m e r ' s  lung  bu t  

n e u t r o p h i l i a  i s  a n o n - s p e c i f i c  response o f t e n  a s s o c ia te d  w i t h  " n o n -  

i n f e c t i o u s  c o n d i t i o n s  wh ich  s t i m u l a t e  the  s t r e s s  r e a c t i o n "  (231) .

A l t h o u g h  e o s i n o p h i l i a  in c a t t l e  Is u s u a l l y  a s s o c ia te d  w i t h  

p a r a s i t i c  i n f e s t a t i o n s  o f  the  g a s t r o - i n t e s t I n a l  o r  r e s p i r a t o r y  t r a c t s  

o f  g r a z in g  immature a n im a l s ,  t h i s  Is u n l i k e l y  t o  be the  reason why 

in  two cases ,  more than 20 per cen t  o f  the  w h i t e  c e l l s  were e o s i n o 

p h i l s .  As both  these  cows were be ing  fed ve ry  mouldy hay,  i t  may be 

t h a t  t h e i r  e o s i n o p h i l i a  was a s s o c i a t e d  w i t h  a n o n - p a r a s i t i c  r e a c t i o n  

such as a l l e r g i c  a s p e r g i l l o s i s  (119) .  T h is  d isease  has not  y e t  been 

c o n f i rm e d  in  c a t t l e  d e s p i t e  p r e c i p i t a t i n g  a n t i b o d i e s  t o  A.  fu m ig a tus  

be ing  common In the  adu l t ;  c a t t l e  in  t h i s  c o u n t r y  (292) .  P r e c i p i t i n s  

t o  A.  f um ig a tu s  were p re sen t  in both  cases but  they  were a l s o  

d e te c te d  in  seve ra l  o t h e r s  in wh ich  th e re  was no e o s i n o p h i l i a .  In 

a d d i t i o n ,  the  f i n d i n g  o f  l a r g e  numbers o f  " a s t e r o i d  b o d ie s "  in  the  

lungs  o f  A15,  i n d i c a t e d  t h a t  massive numbers o f  a s p e r g i l l  us spores 

had been in h a le d  and y e t  she s t i l l  had an e o s i n o p h i l i a  o f  o n l y  8 per  

c e n t .

O c c a s i o n a l l y  in  the  human form o f  the  d is e a s e ,  e o s i n o p b i l i a  

(6 0 , 71 I 89) and a n e u t r o p h i l i c  l e u c o c y t o s i s  have been re p o r te d  (7 1 , 

216,  250) ;  in one s e r i e s ,  a n e u t r o p h i l i c  l e u c o c y t o s i s  was found in 

26 per cent  o f  the  a c u te  f a r m e r ' s  lung p a t i e n t s  (60) . E leva ted  serum 

gamma-g lobu l in  l e v e l s  have been re p o r te d  in e x t r i n s i c  a l l e r g i c  

a l v e o l i t i s  cases in  genera l  (216) and a l s o  s p e c i f i c a l l y  in  c l i n i c a l  

cases o f  f a r m e r ' s  lung (3 0 ) ,  Raised t o t a l  g l o b u l i n  l e v e l s  were a l s o  

found in r a b b i t s  t h a t  were repeated  exposed t o  dus t  (297) .  Raised 

g l o b u l i n  l e v e l s  were p re sen t  in  75 per cen t  o f  the ten  s e le c te d  a c u te  

bov ine  cases bu t  I t  can o n l y  be s t a t e d  t h a t  f a r m e r ' s  lung may have been

m r
12



a c o n t r i b u t o r y  f a c t o r  in  some o r  a l l  o f  them. The severa l  o th e r  

v a lu e s  t h a t  were o u t w i t h  the  re co g n ise d  l i m i t s  o f  n o r m a l i t y  were 

p ro b a b ly  r e f e r a b l e  t o  m i l d  s p e c i f i c  organ  m a l f u n c t i o n .

W h i le  in  h o s p i t a l ,  t h e  t h r e e  cases w i t h  obv ious  co r  pu lmonale  

were observed to  have p r o fu s e  d i a r r h o e a .  T h is  must have been due t o  

c o n g e s t i v e  c a r d i a c  f a i l u r e  s in c e  l a b o r a t o r y  and p a t h o l o g i c a l  i n v e s t i 

g a t i o n s  r u l e d  o u t  o s t e r t a g i a s i s  and John e ' s d isease  and no o th e r  

reason f o r  the  d ia r r h o e a  was found a t  nec ropsy .

Perhaps the  most i n t e r e s t i n g  l a b o r a t o r y  f i n d i n g  was the  

presence  o f  an e x c e s s i v e  amount o f  p r o t e i n  in the  u r i n e  o f  seven cases 

(one a c u te  and s i x  c h r o n ic ) . .  In f o u r  o f  them, the  p r o t e i n u r i a  was 

g r e a t e r  than tw ic e  the  upper l i m i t  o f  n o r m a l i t y  and was p a r t i c u l a r l y  

massive  in A13 (3 .75 g /1 )  and in C7. (7 .0  g / 1 ) .  An e n la rg e d  l e f t  

k id n e y  was d e te c te d  per rec tum in  C2 and renal  a m y lo id o s i s  was 

c o n f i r m e d  a t  n ec rop sy .  The presence o f  f a r m e r ’ s lung and p r o te i n u r e a  

may w e l l  have been c o i n c i d e n t a l  b u t ,  on the  o th e r  hand,  the  

pa thogenes is  o f  both  c o n d i t i o n s  may have been r e l a t e d  e i t h e r  because 

o f  t h e  d e p o s i t i o n  o f  immune complexes in both  organs (36) or  because 

o f  common basement membrane a n t i g e n s  (39 ) .

The use o f  betamethasone appeared t o  be b e n e f i c i a l  in a c u te  

cases and was s a id  t o  have produced a speedy and obv ious  c l i n i c a l  

improvement in  e i g h t  o f  the  11 a n im a ls  t r e a t e d .  As two o f  the  t h r e e  

cases wh ich  d id  n o t  Improve were in co r  pu lmona le ,  I t  c o u ld  be argued 

t h a t  a marked c l i n i c a l  improvement had been produced in e i g h t  o f  the  

n in e  cases (89%). T h is  improvement had o ccu r re d  d e s p i t e  th e  a n im a ls  

not  being  removed f rom the  source  o f  the  a l l e r g e n s .

The c l i n i c a l  d i f f e r e n c e s  between the  a c u te  and c h r o n i c  forms 

o f  f a r m e r ’ s lung in c a t t l e  d id  no t  appear  t o  be as obv ious  as they  a re  

in  man. A lm os t  c e r t a i n l y  t h i s  Is because the  c l i n i c a l  symptoms, 

wh ich  a re  so s i g n i f i c a n t  in  t h e  a c u te  s tage  o f  th e  human d is e a s e ,  

canno t  be d e f i n e d  w i t h  t h e  same accu racy  in c a t t l e  because o f  the  la c k  

o f  ve rb a l  communicat ion  between th e  p h y s i c i a n  and p a t i e n t .

N e v e r t h e le s s ,  w i t h  a c u ta  f a r m e r ' s  lu n g ,  r e s p i r a t o r y  d i s t r e s s ,  a n o re x ia  

and a s i g n i f i c a n t  r e d u c t i o n  in m i l k  y i e l d  developed sudden ly  compared 

w i t h  the  c h r o n i c  fo rm in wh ich  c o ugh ing ,  hyperpnoea and a l s o  w e ig h t  

lo s s  were the  c h a r a c t e r i s t i c  p r e s e n t in g  s ig n s .
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S E C T I O N  N i

THE EPIDEMIOLOGICAL FEATURES OF FARMER'S LUNG IN CATTLE

MATERIALS AND METHODS

(1) S e l e c t i o n  o f  c a t t l e

The e p i d e m io lo g i c a l  f i n d i n g s  p resen ted  here a re  those  o f  the 

45 i n d i v i d u a l  cases o f  f a r m e r ' s  lu n g ,  the  c l i n i c a l  d e t a i l s  o f  

wh ich  were d iscu ssed  in the  p re v io u s  S e c t i o n .

(2) E p i d e m io lo g i c a l pa ram e te rs

The e p i d e m i o l o g i c a l  d e t a i l s  o f  f a r m e r ' s  lung in c a t t l e  were 

s t u d ie d  w i t h  s p e c i f i c  r e f e r e n c e  to  the  age o f  animal  a f f e c t e d ,  

the  month t h a t  r e s p i r a t o r y  s ig n s  were f i r s t  n o t i c e d ,  the  system 

o f  husbandry ,  the  area in  wh ich  the  cases a rose  and f i n a l l y ,  the  

f a r m e r ' s  r e a c t i o n  on exposure  t o  mouldy hay d u s t .

For d i s c u s s io n  purposes o n l y ,  those  cases aged f rom two t o  

s i x  years  have been put  in a " l e s s  than  s i x  years  o l d "  group  

w h i l e  those  seven years  o f  age and o l d e r  have been c a l l e d  

" g r e a t e r  than s i x  ye a rs  o l d " .  S i m i l a r l y ,  cows sa id  to  have been 

ten  years  o ld  or  more have been grouped t o g e t h e r  because the  

e xac t  age o f  many o f  the  o l d e r  an im a ls  was no t  known.

The w i n t e r  hous ing  p e r io d  has been d i v i d e d  i n t o  t h r e e  p a r t s ,

f rom September to  December, f rom January to  March and f rom A p r i l  

t o  June.

The term " f a r m e r "  has been used f o r  the  person who fed  the  

cows but  who was no t  n e c e s s a r i l y  the  landowner .  The fa rmers  

were c l a s s i f i e d  a c c o r d in g  t o  whether o r  no t  they  developed an 

adve rse  c l i n i c a l  r e a c t i o n  d u r i n g ,  o r  a f t e r ,  they  had worked w i t h  

mouldy hay.  Those who were u n a f f e c te d  were put  in the  "no  

r e a c t i o n "  group  w h i l e  those  who expe r ie nced  a r e a c t i o n  were put  

in  th e  " p o s i t i v e  r e a c t i o n "  group .  T h is  l a t t e r  group was sub

d i v i d e d ;  i f  t he  c l i n i c a l  r e a c t i o n  had been co n f i rm e d  as f a r m e r ' s  

lu n g ,  they  were put  in  the  " f a r m e r ' s  l u n g "  g roup ,  o th e rw is e  they

were put  in the  " o t h e r  d i s o r d e r "  g roup .
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R E S U L T S

The ma jo r  e p i d e m io lo g i c a l  f e a t u r e s  o f  the  45 cases o f  

f a r m e r ' s  lung a re  p resen ted  in Append ix  1 - Tab le  24.

(1) The r e l a t i o n s h i p s  between age o f  animal  a f f e c t ed and o th e r  
f a c t o r s

The mean age o f  the  45 cases was 7 .4  -  0 .3  years  and the  

d i f f e r e n c e  between th e  mean age o f  the  18 a cu te  cases (6 .5  - 0 .6  

years )  and the  27 c h r o n i c  cases (8 .0  - 0 .4  years )  was s t a t i s t i 

c a l l y  s i g n i f i c a n t .  There was a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  

between age and the  t o t a l  number o f  cases ( r  = 0 . 7200, p <  0.02)  

and a l s o  between age and the  number o f  c h r o n i c  cases ( r  = 0 .7468 ,  

p < ^ 0 . 0 l ) .  There was no s i g n i f i c a n t  c o r r e l a t i o n  between age and 

the  t o t a l  number o f  a c u te  cases a l t h o u g h  t h e r e  was a s i g n i f i c a n t  

c o r r e l a t i o n  up t o  s i x  years  o f  age (r “  0 .9030 ,  p <  0 .0 1 ) .

A l t h o u g h  both  forms o f  the  d ise ase  were co n f i rm e d  over  a wide 

age range (Tab le  18 ) ,  11 o f  the  a cu te  cases (61%) were s i x  years  

o f  age or  le s s  compared w i t h  o n l y  seven c h r o n i c  cases (26%).

There appeared t o  be an a s s o c i a t i o n  between age and the  t ime 

o f  year  t h a t  the  s ig n s  o f  r e s p i r a t o r y  d isease  were f i r s t  n o t i c e d .  

From September t o  December, o n l y  two cases (11%) less  than s i x  

years  o l d  became i l l  w h i l e  n in e  (50%) d i d  so f rom January to

March and seven (39%) f rom A p r i l  t o  June. T h is  compared w i t h  11

cases (41%) over s i x  years  o ld  wh ich  were f i r s t  seen to  be 111 

f rom September t o  December, n in e  (33%) f rom January  to  Marcl. and 

seven (26%) f rom A p r i l  t o  May. However, t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  in  the  mean age o f  the an im a is  wh ich  became i l l  f rom 

September t o  December (8 .2  -  0 .5  years)  compared w i t h  those  t h a t  

d i d  so f rom January t o  March (7 .2  - 0 .6  ye a rs )  o r  f rom A p r i l  t o  

June (6 .9  -  0 .6  y e a r s ) .

There was no s i g n i f i c a n t  d i f f e r e n c e  in  the  mean ages o f  

the  cases a d m i t t e d  f rom d i f f e r e n t  p a r t s  o f  the c o u n t r y ;  the  mean 

age o f  those  f rom England was 7.3 - 0 .4  y e a r s ,  f rom Westmorland 

a lo n e  was 6 .9  -■ 0 .4  years  and f rom S c o t la n d  was 7 .8  -  0 .6  y e a r s .

The number o f  cases le s s  than  s i x  years  o l d  a d m i t t e d  f rom

Eng land,  Westmor land a lone  and f rom S co t lan d  was 14 (40%), 13 

(46%) and f o u r  (40%) r e s p e c t i v e l y .  Of the  18 cases le s s  than 

s i x  years  o l d ,  13 (72%) came f rom Westmor land.
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T A B L E IB

The. r e l a t i o n s h i p s  b e t w e e n  t h e  a g e  o f  a n i m a l  a f f e c t e d  a n d

o t h e r  e p i d e m i o l o g i c a l  f a c t o r s .

Age (years )

E p id e m io lo g i c a l  f a c t o r s  1 2 3 4 - 5 6 7 8 9 1 0  o r  more T o ta l

No. o f  Cases 1 1 2 4 10 5 7 2 13 45

Form o f  Di sease 

Acu te  

Chron i c

1 1 3 1

5 5 4 1

3

10

18

27

Month Disease f i r s t  
no t  Î ced

Sept .  -  Dec.

Jan.  -  March

A p r i l  -  June

-  1

1 6 

3 3

13 

18

14

Geograph i cal  O r i g i n  

England 

Westmor land 

Sco t land

1 1 

1 1

3 7 

2 7 

1 3

35

28

10

System o f  Husbandry 

Beef 

Da i ry 1 1

1 3 -  

1 1 1 0

-  4 

5 3

13

32

Fa rm er 's  R ea c t ion  t o  
Dust

No r e a c t i o n  

P o s i t i v e  r e a c t i o n

20

25

F arm er 's  lung 

Other d i s o r d e r

- - -  4 4 2 2 4

1 2 2 2 1 -  -  1

16
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The form o f  l i v e s t o c k  husbandry d id  not  appear t o  have 

e x e r te d  a g r e a t  e f f e c t  on the  age a t  which an animal  developed 

obv ious  r e s p i r a t o r y  s ig n s .  The mean age o f  the beef  cows was 

7 .7  -  0 .6  years  compared w i t h  7-3 ”  0 . 4  years f o r  the  d a i r y  

c a t t l e  and f o u r  o f  the  bee f  cows (31%) were less  than six. years  

o l d  compared w i t h  14 (44%) o f  the  d a i r y  a n im a ls .  The mean ages 

o f  the  t i e d  bee f  cows (7 .6  -  0 .8  years )  was the  same as t h a t  f o r  

the  loose-housed an im a ls  (7 .7  ■" 1.0  years )  but  the  d a i r y  c a t t l e  

developed f a r m e r ' s  lung a t  a s i g n i f i c a n t l y  e a r l i e r  age when they 

were t i e d  (6 ,7  ~ 0 .4  years )  than when they  were loose  housed 

(10.0 " 0 .0  years )  ,

There was no s i g n i f i c a n t  d i f f e r e n c e  in the  mean ages o f  the  

cases a d m i t te d  f rom e i t h e r  the  "no  r e a c t i o n "  farms (7 .8  - 0 .5  

years)  o r  f rom the  " p o s i t i v e  r e a c t i o n "  farms (7.0 -  0 ,4  y e a r s ) .  

However,  the  cases a d m i t t e d  f rom the  " f a r m e r ' s  l u n g "  farms 

(mean age -  7 .9  ^  0 .4  years )  were s i g n i f i c a n t l y  o l d e r  (p <  0 .01)  

than those  f rom the  " o t h e r  d i s o r d e r "  farms (mean age = 5 .6  -  0 .7  

y e a r s ) .  Only f o u r  (25%) o f  the  cases f rom the  " f a r m e r ' s  l u n g "  

farms were le ss  than six, years  o l d  compared w i t h  seven (78%) f rom 

th e  " o t h e r  d i s o r d e r "  farms.

(2) The r e l a t i o n s h i p s  between the  month when r e s p i r a t o r y  s ig n s  were 
f i r s t  n o t i c e d  and o th e r  f a c t o r s

From September t o  December 13 cases (29%) became i l l  compared 

w i t h  18 (40%) f rom January t o  March and 14 (31%) d u r in g  A p r i l ,

May and June (Tab le  19) .

The a cu te  and c h r o n i c  forms o f  the  d ise ase  d i f f e r e d  in the 

t ime o f  year t h a t  r e s p i r a t o r y  s ign s  were f i r s t  n o t i c e d .  Only 

f o u r  a cu te  cases (22%) became i 11 f rom September t o  December 

whereas e i g h t  (44%) and s i x  (33%) d id  so f rom January  t o  March 

and f rom A p r i l  t o  June r e s p e c t i v e l y .  On the  o t h e r  hand,  a 

s i m i l a r  number o f  c h r o n ic  cases were n o t i c e d  t o  be i l l  th ro u g h o u t  

. the  w i n t e r ,  n ine  (33%) f rom September t o  December, ten  (37%) f rom 

January t o  March and e ig h t  (30%) f rom A p r i l  t o  June.

The geo g ra ph ica l  area f rom which these  cases came seemed to  

have had an e f f e c t  on when they  were f i r s t  seen to  be i l l .  Only 

one o f  the  S c o t t i s h  cases (10%) became i l l  f rom September t o  

December compared w i t h  12 (34%) f rom England and e i g h t  (29%) f rom

I
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T h e  r e l a t i o n s h i p s  b e t w e e n  t h e  m o n t h  w h e n  r e s p i r a t o r y  d i s e a s e

w a s  f i r s t  n o t i c e d  a n d  o t h e r  e p i d e m i o l o g i c a l  f a c t o r s .

Epi d e m io lo g i c a l  
F a c to rs

Month R e s p i r a t o r y  Disease F i r s t  N o t ice d

Sept  Oct Nov Dec Jan Feb Mar Apr May June T o ta l

No. o f  Cases 2 2 6 3 6 7 5 5 8 1 45

Form o f  D Î sease 

Acu te  

Chron i c 1 2 4 3 4 3

18

27

Geograph ica l  O r i g i n  

England 

Westmor land 

S co t la n d

35

10

System o f  Husbandry 

Beef  

Da i ry 6 6

1 1 13

32

Fa rm e r 's  R e a c t io n  
t o  Dust

No r e a c t i o n

P o s i t i v e  r e a c t i o n

20

25

F arm er 's  lung 

Other d i s o r d e r

1 1 

1 1

16

9

78



Westmor land a l o n e .  About  40 per cent  o f  cases f rom each area 

were n o t i c e d  t o  be I I I  d u r i n g  January ,  February  and March 

compared w i t h  A p r i l  to  June when f i v e  cases (50%) f rom S c o t la n d ,  

n in e  cases (26%) f rom England and e i g h t  cases (29%) f rom 

Westmor land were n o t i c e d  to  have r e s p i r a t o r y  d ise a se .

The system o f  c a t t l e  husbandry a l s o  appeared to  have 

a f f e c t e d  the  month o f  onse t  o f  c l i n i c a l  f a r m e r ’ s lung .  F i f t e e n  

■ d a i r y  an im a ls  (4-7%) deve loped  r e s p i r a t o r y  d isease  d u r i n g  Janua ry ,  

Feb rua ry  and March but  the  bee f  cows became i l l  r e g u l a r l y  t h r o u g h 

o u t  t h e  w i n t e r .

The f a r m e r ’ s r e a c t i o n  to  dus t  was a l s o  a s s o c i a te d  w i t h  the  

month in wh ich  r e s p i r a t o r y  s ig n s  were f i r s t  obse rved .  On the  

"no  r e a c t i o n "  farms most cases were n o t i c e d  to  be i l l  e i t h e r  

a t  the  b e g in n in g  (4o%) o r  a t  th e  end (35%) o f  w i n t e r ,  whereas on 

the  " p o s i t i v e  r e a c t i o n "  fa rm s ,  j u s t  over  h a l f  t he  cases (52%) 

deve loped  r e s p i r a t o r y  d isease  d u r i n g  th e  m id d le  p e r io d  o f  the 

w i n t e r .  T h is  peak in  i n c id e n c e  f rom January t o  March was o n l y  

a f e a t u r e  on the  " f a r m e r ' s  lu n g "  farms on wh ich  n ine  cases (56%) 

were observed t o  be i l l  d u r i n g  these  t h r e e  months w i t h  o n l y  t h r e e  

cases (19%) d u r i n g  September t o  December and f o u r  cases (25%) 

f rom A p r i l  t o  June.  Cases developed on the  " o t h e r  d i s o r d e r "  

farms w i t h  equal  f re q u e n c y  d u r in g  the  t h r e e  p e r io d s  o f  the  

w i n t e r .

(3) The r e l a t i o n s h i p s  between the  system o f  c a t t l e  husbandry and 
o th e r  f a c t o r s .

Fa rmer ’ s lu ng  was d iagnosed  in 13 beef  cows and 32 d a i r y  

females  (Table 20) and every  one was b e in g ,  o r  had been,  fed  hay .  

The s ig n s  o f  r e s p i r a t o r y  d ise ase  were n o t i c e d  w h i l e  these  cows 

were housed, a p a r t  f rom cases AO and Cl 2 wh ich  were f i r s t  observed 

t o  be i l l  im m ed ia te ly  a f t e r  they  went  o u t s i d e  a t  the  b e g in n in g  o f  

the  summer g r a z in g  p e r io d  when they  developed marked e x e r c i s e  

i n t o l e r a n c e .

Nine beef  cows (70%) and 27 d a i r y  a n im a ls  (84%) had been 

t i e d  d u r i n g  the  w i n t e r  making a combined t o t a l  o f  8o per c e n t .

The rem a in ing  20 per ce n t  had been kept  in  some form o f  l o o s e -  

h o u s in g .
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T h e  r e l a t i o n s h i p  b e t w e e n  t h e  s y s t e m  o f  c a t t l e  h u s b a n d r y

and o th e r  e p i d e m io lo g i c a l  f a c t o r s .

System o f  C a t t l e  Husbandry

Beef

E p id e m io lo g i c a l  F a c to rs  Loose T ied

Da i ry

Loose T ied Tota 1

No. o f  Cases 27 45

Form o f  Pi sease 

Acu te  

C h ron ! c

12

15

18

27

Geograph ica l  O r i g i n  

England 

Westmorland 

Sco t lan d

19

18

8

35

28

10

F a rm e r ' s React  ion 
t o  Dust

No r e a c t i o n

P o s i t i v e  r e a c t i o n 19

20

25

Fa rm e r 's  lung 

Other d i s o r d e r

14

5

16

9



The system o f  c a t t l e  husbandry d id  n o t  appear t o  a f f e c t  the  

form o f  d ise ase  t h a t  deve loped ;  s i x  bee f  cows (46%) and 12 d a i r y  

a n im a ls  (38%) p resen ted  w i t h  t h e  a cu te  d is e a s e .  Both forms o f

f a r m e r ' s  lung  were more common in t i e d  than in  loose-housed c a t t l e

and not  one o f  the  f i v e  loose-housed d a i r y  an im a ls  p resen ted  w i t h  

th e  a c u te  d Î sease .

There was a d e f i n i t e  a s s o c i a t i o n  between the  g eog ra ph ica l  

area in  wh ich  the  c a t t l e  were kep t  and t h e i r  l i a b i l i t y  t o  deve lop  

f a r m e r ' s  lung.  The c a t t l e  in  Westmor land seemed to  be p a r t i c u 

l a r l y  a t  r i s k  s in c e  ten beef  cows (77%) and 18 d a i r y  c a t t l e  (56%), 

making a t o t a l  o f  28 cases (62%) o v e r a l l ,  came f rom t h i s  coun ty  

a lo n e .

N ine teen  d a i r y  a n im a ls  (59%) were a d m i t t e d  f rom " p o s i t i v e  

r e a c t i o n "  farms compared w i t h  o n l y  s i x  beef  c a t t l e  (46%). In 

a d d i t i o n ,  t h e r e  was a d e f i n i t e  a s s o c i a t i o n  between d a i r y  husbandry 

and the  development o f  f a r m e r ' s  lung in the  fa rm er  because 14 

d a i r y  c a t t l e  (74%) came f rom " f a r m e r ' s  lu n g "  farms compared w i t h

o n l y  two bee f  cows (33%). S i m i l a r l y ,  d u s t - i n d u c e d  r e s p i r a t o r y

d ise ase  in man was a s s o c i a t e d  w i t h  keep ing cows t i e d  in  byres  

s in c e  24 o f  the  " p o s i t i v e  r e a c t i o n "  cases (96%) were t i e d  

compared w i t h  o n l y  12 (60%) o f  those  f rom "n o  r e a c t i o n "  fa rms,

(4) The r e l a t i o n s h i p  between th e  r e a c t i o n  o f  fa rm ers  t o  dus t  and 
o t h e r  f a c t o r s

The f a r m e r ' s  r e a c t i o n  to  mouldy hay d us t  and the an im a ls  

a d m i t t e d  f rom each farm a re  g iven  in Tab le  21, The cases came 

f rom 29 fa rm ers ,15 (52%) o f  whom s u f f e r e d  an adverse  c l i n i c a l  

r e a c t i o n  e i t h e r  d u r i n g  or  a f t e r  w o rk ing  w i t h  mouldy hay.

F a rm e r 's  lung  had been c o n f i rm e d  by medical  c o n s u l t a n t s  in s i x  

o f  these  fa rm ers  w h i l e  the  n ine  " o t h e r  d i s o r d e r "  fa rmers  named 

t h e i r  i n d i v i d u a l  r e s p i r a t o r y  c o m p la in t s  as f o l l o w s ;  b r o n c h i t i s  

( 2 ) ,  hay f e v e r  ( 2 ) ,  bad ches t  ( 1 ) ,  choked up (1 ) ,  f e e l s  seedy

( 1 ) ,  weak ches t  (1) and wheez ing ( 1 ) ,  In a d d i t i o n  fa rmer  2 

and h i s  w i f e  both  had p r e c i p i t i n s  t o  K. fa e n i  in  t h e i r  sera and 

the  b r o t h e r  o f  fa rm er  27 has had f a r m e r ' s  lung f o r  over  20 y e a r s .

When the  cases o f  f a r m e r ' s  lung  In c a t t l e  were c l a s s i f i e d  

a c c o r d in g  to  the  i n d i v i d u a l  f a r m e r ' s  r e a c t i o n  t o  mouldy hay d u s t ,  

i t  was found t h a t  25 a n im a ls  (56%) had developed the  d isease  on
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The cases a d m i t t e d  f rom each farm and the r e a c t i o n  o f  the  

fa rm er  to  w o rk in g  w i t h  mouldy hay.

Farm

Form

Acute

o f  Disease

C h ro n ic
Fa rm er ’ s reac 
mouldy hay du;

1 A1 No r e a c t i o n

2 A2 No r e a c t i o n

3 A3 Cl Fa rm er ’ s lung

4 A4, A7 No r e a c t i o n

5 A5 B r o n c h I t i s

6 A6 Choked up

7 A8 C20 Farm er 's  lung

8 A9 Fa rm er 's  lung

9 AlO No r e a c t i o n

10 A l l  , A15 Farm er 's  lung

11 A12 No r e a c t i o n .

12 A13 Feels seedy

13 A14 Hay f e v e r

14 A16 No r e a c t i o n

15 AI 7 No r e a c t i o n

16 A18 Wheez ing

17 C2 Hay f e v e r

18 C3, C4, C5, Cl 3, 
C14, C18

F arm er 's  lung

19 C6 Weak ches t

20 C7, C9, CIO Farm er 's  lung

21 C8, C19 No r e a c t i o n

22 C l l Mo r e a c t i o n

23 C12 No r e a c t i o n

24 C15 No r e a c t i o n

25 C16 B r o n c h i t i s

26 C17 No r e a c t i o n

27 C21 No r e a c t i o n

28 C22, C23, C24, 
C25, C27,

No r e a c t i o n

29 C26 Bad ches t
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farms where the  fa rm er  s u f f e r e d  a c l i n i c a l  r e a c t i o n  when he 

worked w i t h  mouldy hay (Tab le  2 2 ) .  W i t h i n  t h i s  " p o s i t i v e  

r e a c t i o n "  g roup ,  16 cases (64%) came f rom " f a r m e r ' s  lu n g "  farms 

and n in e  (36%) f rom " o t h e r  d i s o r d e r "  fa rms.

The form o f  d isease  t h a t  developed was not  r e l a t e d  t o  the  

f a r m e r ' s  r e a c t i o n  t o  dus t  s in c e  e i g h t  (4o%) and ten  (40%) a c u te  

cases came f rom the  "no  r e a c t i o n "  and " p o s i t i v e  r e a c t i o n "  farms 

r e s p e c t i v e l y .  W i t h i n  the  " p o s i t i v e  r e a c t i o n "  g roup ,  s i m i l a r  

numbers o f  a c u te  and c h r o n i c  cases were a d m i t t e d  f rom " o t h e r  

d i s o r d e r "  fa rm s ,  whereas most o f  the  an ima ls  (69%) f rom the  

" f a r m e r ' s  l u n g "  farms were c h r o n i c  cases.

E ig h t  cases (8o%) f rom S co t la n d  came f rom " p o s i t i v e  r e a c t i o n "  

farms compared w i t h  17 (49%) f rom England and 16 (57%) f rom 

Westmor land a lo n e .  The o ccu r re nce  o f  f a r m e r ' s  lung in c a t t l e  

and man was c l o s e l y  r e l a t e d  o n l y  In Westmor land where 11 o f  the  

" p o s i t i v e  r e a c t i o n "  cases (69%) a rose  on " f a r m e r ' s  lu n g "  farnis 

compared w i t h  o n l y  f i v e  (44%) in  S c o t la n d .

The 18 a c u te  cases came f rom 16 fa rm s ,  the  27 c h r o n i c  cases 

f rom 15 farms and o n l y  on farms 3 and 7 d i d  one a c u te  and one 

c h r o n i c  case each a r i s e .  Only a s i n g l e  case was a d m i t te d  f rom 

21 farms ( 72%) and these  21 cases re p resen ted  47 per cen t  o f  

t h e  t o t a l  number.  From two t o  s i x  cases were a d m i t t e d  f rom the  

o t h e r  e i g h t  fa rms.  The f a r m e r ' s  r e a c t i o n  t o  dus t  d i d  a p p e a r  t o  

bear some r e l a t i o n s h i p  t o  the  number o f  cases a d m i t t e d .  A l t h o u g h  

a lm o s t  equal numbers o f  s i n g l e  an im a ls  came in f rom the  "no  

r e a c t i o n "  and the  " p o s i t i v e  r e a c t i o n "  fa rm s ,  f i v e  o f  the  e i g h t  

m u l t i p l e  adm iss io ns  came f rom " p o s i t i v e  r e a c t i o n "  fa rm s .  W i t h i n  

the  " p o s i t i v e  r e a c t i o n "  g roup ,  o n l y  one s i n g l e  case (10%) came 

f rom a " f a r m e r ' s  l u n g "  farm compared w i t h  a l l  f i v e  (100%) o f  the 

m u l t i p l e  i n c i d e n t  cases .  Four teen a cu te  cases (78%) a rose  

s i n g l y  compared w i t h  o n l y  11 (41%) o f  the  c h r o n i c  ones.

(5) The r e l a t i o n s h i p  between g eo g raph ica l  o r i g i n  and o t h e r f a c t o r s

The l o c a t i o n  o f  the  29 farms on wh ich these  45 cases o f  

f a r m e r ' s  lung deve loped  is  p resen ted  in F ig u re  3. The ten  cases 

f rom S co t la n d  came e i t h e r  f rom the  c o u n t ie s  o f  Dumfr ies  (4 cases) 

or  Lanark  (6 c a s e s ) , w h i l s t  t h e  o th e r  35 animals were a d m i t t e d  f rom
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T h e  r e l a t i o n s h i p s  b e t w e e n  t h e  f a r m e r ' s  r e a c t i o n  t o  m o u l d y

h a y  d u s t  a n d  o t h e r  e p i d e m i o l o g i c a l  f a c t o r s .

EpIdem i o l o g i c a l  
F a c to rs

Fa rm e r 's  R ea c t ion  to  Mouldy May Dust

No
React  i on

Pos1z i ve 
React  ion

F a rm e r ' s 
Lung

Other 
D i s o rde r Tota 1

No. o f  Cases 20 25 16 45

Form o f  Di sease 

Acu te  

Chron i c 12

10

15 1 1

18

27

Geograph ica l  O r i g i n

England 18

Westmor land 12

S co t la n d  2

17

16

8

11 

11

5

35

28

10

No. o f  Cases/Farm

Acu te S i n g l e  

M u l t i p l e

C hron ic  S in g le

M u l t i p l e

4

14

2

11

4

*  1 a c u te  and 1 c h r o n i c  case were a d m i t te d  f rom

farms 3 and 7.
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FIGURE 3 The geog raph ica l  l o c a t i o n s  o f  the  29 farms

from which the  45 cases o f  f a r m e r ' s  lung were 

admi t t e d ,

@0%
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t h r e e  c o u n t i e s  in  n o r t h - w e s t  Eng land,  28 f rom Westmor land,  f i v e  

f rom Cumberland and two f rom L a n c a s h i re .  Acu te  f a r m e r ' s  lung 

was p r o p o r t i o n a l l y  more common in Westmor land (50%) than  in 

e i t h e r  S co t land  (30%) o r  the  r e s t  o f  England (14%) (Tab le  2 3 ) .

(6) The r e l a t i o n s h i p s  between breed and ot h e r  f a c t o r s

A lm os t  h a l f  (49%) the  cases o f  f a r m e r ' s  lung in t h i s  s tudy  

were F r i e s i a n  c a t t l e  (Tab le  2 4 ) ,  w i t h  12 (67%) hav ing  been 

a d m i t te d  w i t h  the  a cu te  d ise ase  but  o n l y  10 (37%) w i t h  the 

c h r o n i c  fo rm.

The f i n d i n g s  p resen ted  above w i l l  now be examined f o l l o w i n g  

the  i n c o r p o r a t i o n  o f  a t h i r d  v a r i a b l e .  The r e s u l t s  o f  these c ross  

t a b u l a t i o n s  a re  g iven  below w h i l e  the  t a b le s  themselves a re  in 

Append ix  1,

(1) Form o f  d isease  v Age

The mean age o f  the  a c u te  cases was s i g n i f i c a n t l y  le ss  than  

t h a t  o f  the c h r o n i c  cases.

a) V Month r e s p i r a t o r y  d ise ase  f ' r s t  n o t i c e d  (Appendix 1 -  Table 1)

W i th  both forms o f  the  d is e a s e ,  the  younger  cows became i l l  

d u r i n g  the  second h a l f  o f  the  w i n t e r  w h i l e  the o l d e r  cows 

became 111 d u r i n g  the  f i r s t  h a l f .

T h e r e f o r e ,  an a n i m a l ' s  age was im p o r ta n t  in  d e te r m in in g  when 

i t  became i l l  w i t h  both a c u te  and c h r o n i c  f a r m e r ' s  lung .

b) V System o f  husbandry  (Appendix 1 - Tab le  2) Whereas d a i r y

c a t t l e  w i t h  a cu te  f a r m e r ' s  lung  were s i g n i f i c a n t l y  younger 

than  those  w i t h  c h r o n i c  f a r m e r ' s  lu n g ,  t h e r e  was no such 

d i f f e r e n c e  w i t h  the  bee f  a n im a ls .  The r a t i o  o f  d a i r y  t o  

bee f  cows less  than s i x  years  o ld  t h a t  developed c h r o n i c  

f a r m e r ' s  lung was s i x  t o  one,  w h i l e  the  r a t i o  w i t h  the acu te  

d isease  was t h r e e  t o  one.

T h e r e f o r e ,  d a i r y  husbandry was a s s o c ia te d  w i t h  t h e  d e v e lo p 

ment o f  c l i n i c a l  f a r m e r ' s  lung in  young a n im a ls  ( le ss  than 

s i x  years  o l d ) .

c) V Geograph ica l  o r i g i n  (Appendix 1 -  T ab le  3) O v e r a l l ,  the

mean age o f  the  a c u te  cases was s i g n i f i c a n t l y  less  than t h a t  

o f  the  c h r o n i c  cases bu t  t h e re  was no s i g n i f i c a n t  d i f f e r e n c e

5 fh



T A BL E  2 3

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  g e o g r a p h i c a l  o r i g i n  o f  c a s e s

a n d  t h e  f o r m  o f  d i s e a s e .

Geograph ica l  O r i g i n  o f  Cases

E p id e m io lo g i c a l  F a c to rs  S c o t la n d  England Westmor land T o ta l
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No. o f  Cases 10 35 28 45

Form o f  Disease

Acu te  3 15 14 18

C h ron ic  1 20 14 27



T A B L E  2 4

T h e  r e l a t i o n s h i p  b e t w e e n  b r e e d  o f  c a t t l e  a n d  f o r m  o f

d is e a s e .

Breed o f  C a t t l e
E p i d e m i o l o g i c a l ------------- --------- -'— -----------------------———------ ---------------------------
F a c to rs  F r i e s i a n  A y r s h i r e  Je rsey  A ,A .  Ga l loway Sho r th o rn  Tota

No. o f  Cases 22 6 5 4 4 3 45

Form o f  Disease

A cu te  12 Î -  3 1 1 18

C hron ic  10 5 6 1 3 2 27

A .A .  -  Aberdeen Angus.

88



în th e  mean ages between the  a cu te  and c h r o n i c  cases f rom 

Westmor land.  The mean ages o f  the  acu te  cases f rom 

Westmor land and f rom the  r e s t  o f  B r i t a i n  was a lm os t  the  

same, bu t  the  c h r o n i c  cases f rom Westmorland were 

s i g n i f i c a n t l y  younger than those f rom the  r e s t  o f  B r i t a i n . -  

T h e r e f o r e ,  c h r o n i c  f a r m e r ' s  lung developed in young a n im a ls  

( l e s s  than s i x  years  o ld )  in  Westmor land.

d) V F a rm er 's  r e a c t i o n  t o  d us t  (Appendix 1 - Tab le  4) There 

was a s i g n i f i c a n t  d i f f e r e n c e  between the  mean ages o f  the  

acu te  and c h r o n i c  cases f rom the  "n o  r e a c t i o n "  farms but  

no t  f rom the  " p o s i t i v e  r e a c t i o n "  fa rms.  There was no 

d i f f e r e n c e  in the  mean ages o f  the  a c u te  cases f rom the  

"n o  r e a c t i o n "  compared w i t h  the  " p o s i t i v e  r e a c t i o n "  fa rms ,  

but  the  cases f rom " f a r m e r ' s  l u n g "  farms were s i g n i f i c a n t l y  

o l d e r  than those  f rom the  " o t h e r  d i s o r d e r "  fa rms.  The 

c h r o n i c  cases f rom the  "n o  r e a c t i o n "  farms were s i g n i f i c a n t -  

1 y o l d e r  than those  f rom the  " p o s i t i v e  r e a c t i o n "  farms but  

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  mean age between 

c h r o n i c  cases f rom " f a r m e r ' s  lu n g "  compared w i t h  " o t h e r  

d i s o r d e r "  fa rms.

T h e r e f o r e ,  on "n o  r e a c t i o n "  fa rms ,  a c u te  f a r m e r ' s  lung 

deve loped  in young a n im a ls  and c h r o n ic  f a r m e r ' s  lung in 

o l d e r  a n im a l s .  On " p o s i t i v e  r e a c t i o n "  fa rm s ,  the  a cu te  and 

c h r o n i c  forms o f  the  d ise a se  developed in young a n im a ls .

W i th  the  a c u te  d i s e a s e ,  cases f rom " o t h e r  d i s o r d e r "  farms 

were younger than those  f rom " f a r m e r ' s  lu n g "  fa rms.

(2) Form o f  d ise ase  v Month r e s p i r a t o r y  d isease  f i r s t  n o t i c e d

There was a peak in c id en c e  o f  acu te  f a r m e r ' s  lung f rom

January to  March ,  bu t  c h r o n i c  cases developed w i t h  equal

p re va len ce  th r ou g ho u t  the  w i n t e r .

a) V System o f  husbandry (Appendix 1 -  Tab le  5) The January

to  March peak in c id e n c e  o f  acu te  f a r m e r ' s  lung was a f e a t u r e  

o f  d a i r y  husbandry o n l y  and, a l t h o u g h  t h e r e  was a l s o  a peak 

o f  c h r o n i c  d a i r y  cases f rom January t o  March,  t h i s  was masked 

by the  f a c t  t h a t  most bee f  cases became i l l  e i t h e r  a t  the  

b eg in n ing  o r  a t  the end o f  w i n t e r .

T h e r e f o r e ,  w i t h  d a i r y  c a t t l e ,  th e re  was a peak in c id e n c e  o f  

bo th  a c u te  and c h r o n i c  f a r m e r ' s  lung d u r i n g  January ,  February  

and March.



b) V Geograph ica l  o r i g in (Appendix, 1 - Tab le  6) Most a cu te  

cases were a d m i t te d  d u r in g  January ,  February  and March f rom 

Westmor land and S c o t la n d .  The. number o f  c h r o n i c  cases f rom 

Westmor land was a l s o  g r e a t e s t  f rom January t o  March, There 

was a d ra m a t i c  decrease in the  number o f  cases,  however,  

a d m i t te d  f rom the  r e s t  o f  England d u r in g  the  w i n t e r  but  t h i s  

was complemented by an i n c r e a s in g  in c id en c e  o f  cases f rom 

S c o t l a n d .

T h e r e f o r e ,  w i t h  c a t t l e  f rom Westmor land t h e r e  was a peak 

in c id e n c e  o f  both  acu te  and c h r o n i c  f a r m e r ' s  lung d u r in g  

Janua ry ,  February  and March,

c) V Farmer 's  r e a c t i o n  t o  dus t  (Appendix 1 -  Table  7) W i th  

the  a cu te  form o f  the  d is e a s e ,  the  January t o  March peak 

in c id e n c e  was o n l y  a " p o s i t i v e  r e a c t i o n "  e f f e c t  but  one 

which  was a pp a ren t  w i t h  cases a d m i t te d  f rom both " f a r m e r ' s  

lu n g "  and " o t h e r  d i s o r d e r "  farms.  There was a l s o  a 

January t o  March peak in c id e n c e  o f  c h r o n i c  cases f rom the  

" p o s i t i v e  r e a c t i o n "  farms o n l y ,  but  t h i s  was e n t i r e l y  a 

" f a r m e r ' s  l u n g "  e f f e c t .  Both a c u te  and c h r o n i c  cases 

developed w i t h  s i m i l a r  f re quency  t h ro u g h o u t  the  w in t e r  on 

the  "n o  r e a c t i o n "  fa rms.

T h e r e f o r e ,  on the  " p o s i t i v e  r e a c t i o n "  fa rm s ,  t h e re  was a 

peak in c id en c e  o f  both a cu te  and c h r o n i c  f a r m e r ' s  lung 

d u r in g  January ,  February  and March.  W i th  the c h r o n ic  

d is e a s e ,  t h i s  h ig h  in c id e n c e  was e n t i r e l y  a " f a r m e r ' s  lu n g "  

e f f e c t .

(3 )  Form o f  d ise ase  v Fa rm er 's  r e a c t i o n  t o  dus t

Most  c h r o n i c  cases came f rom " f a r m e r ' s  l u n g "  fa rms,

a) V Geograph ica l  o r i g i n  ('Appendix 1 -  Tab le  8) The

a s s o c i a t i o n  between c h r o n i c  f a r m e r ' s  lung  in c a t t l e  and 

f a r m e r ' s  lung in  man was e v id e n t  in  both Sco t land  and 

Westmor land,

T h e r e f o r e ,  c h r o n i c  cases o f  f a r m e r ' s  lung in  c a t t l e  came 

f rom " f a r m e r ' s  l u n g "  farms in  both ma jo r  areas s t u d ie d .

b) V System o f  husbandry (Appendix 1 -  Tab le  9) The c h r o n i c

f a r m e r ' s  lung cases f rom " f a r m e r ' s  l u n g "  farms were a l l

da i ry  c a t t l e .

T h e r e f o r e ,  c h r o n i c  f a r m e r ' s  lung in c a t t l e  is  a s s o c ia te d



w i t h  f a r m e r ' s  lung in  man wh ich  is  c l o s e l y  a s s o c ia te d  w i t h  

d a i r y  husbandry .

(4) Form o f  d isease  v G eog raph ica1 o r i g i n

Both forms o f  the  d is e a s e ,  but  p a r t i c u l a r l y  the  a cu te  fo rm,

were common in  Westmor land.

a) V System o f  husbandry (Appendix 1 -  Tab le  10) W i th  the

a c u te  d is e a s e ,  t h e r e  was no g eog ra ph ica l  d i f f e r e n c e  in  the  

p r o p o r t i o n  o f  bee f  t o  d a i r y  cases.  However, w i t h  the  

c h r o n i c  fo rm ,  most o f  the  beef  cases o r i g i n a t e d  f rom 

Westmor land where the  p r o p o r t i o n  o f  bee f  t o  d a i r y  an ima ls  

was one t o  one,  in  the  r e s t  o f  England i t  vjas ze ro  to  s i x  

and in S co t la n d  i t  was one to  s i x .

T h e r e f o r e ,  bee f  c a t t l e  in  Westmor land were p a r t i c u l a r l y  

l i a b l e  t o  deve lop  c h r o n i c  f a r m e r ' s  lu ng .

(5) Form o f  d isease  v Breed

A cu te  f a r m e r ' s  lung was ve ry  common in  F r i e s i a n  c a t t l e .

a) V System o f  husbandry (Appendix 1 -  Tab le  11) W i th  the  

e x c e p t io n  o f  one case oP both a cu te  and c h r o n i c  f a r m e r ' s  

l u n g ,  a l l  F r i e s i a n  c a t t l e  were d a i r y  a n im a l s .

T h e r e f o r e ,  the  c lo s e  a s s o c i a t i o n  between F r i e s i a n  c a t t l e  

and the  deve lopment o f  both  forms o f  f a r m e r ' s  lung was 

a lm os t  e n t i r e l y  a d a i r y  husbandry e f f e c t .

b) V Age (Appendix 1 -  T ab le  22) There was no d i f f e r e n c e  in 

the  mean age o f  the  F r i e s i a n  c a t t l e  w i t h  f a r m e r ' s  lung 

compared to  t h a t  o f  the  o th e r  b reeds.  However,  w i t h  the  

c h r o n i c  fo rm ,  the  F r i e s i a n  an ima ls  were s i g n i f i c a n t l y  

younger  than those  o f  the  o th e r  b reeds.

T h e r e f o r e ,  both  a c u te  and c h r o n i c  f a r m e r ' s  lung  a f f e c t e d  

young ( l e s s  than  s i x  years  o ld )  F r i e s i a n  c a t t l e .

c )  V Geographi cal o r i g in  (Appendix 1 -  Tab le  23) A l l  bar two 

o f  the  F r i e s i a n  c a t t l e  w i t h  acu te  f a r m e r ' s  lung were d a i r y  

a n im a ls  f rom Westmorland and s i x  o f  the  ten w i t h  the  c h r o n i c  

form o f  the  d ise ase  a l s o  came f rom t h i s  co un ty .

T h e r e f o r e ,  both forms o f  f a r m e r ' s  lu n g ,  bu t  p a r t i c u l a r l y  

the  a c u te  fo rm,  were common in  F r i e s i a n  c a t t l e  most o f  wh ich  

came f rom Westmor land.
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( 6 )  M o n t h  r e s p i r a t o r y  d i s e a s e  f i r s t  n o t i c e d  v  A g e

During  the  f i r s t  h a l f  o f  the  w i n t e r  hous ing  p e r i o d ,  most 

cases were more than s i x  yea rs  o l d  whereas in  the  second h a l f  

most cases were less  than  s i x  years  o f  age,

a) V Syst em o f  hus bandry (Appendix 1 - Tab le  12) The

a s s o c i a t i o n  between the  t ime t h a t  c l i n i c a l  s ig n s  o f  

r e s p i r a t o r y  d isease  were f i r s t  n o t i c e d  and the  a n i m a l ' s  

age was r e l a t e d  a lm os t  w h o l l y  w i t h  d a i r y  husbandry .  

T h e r e f o r e ,  as the  w i n t e r  housing  p e r io d  p ro g ressed ,  the  

in c id e n c e  o f  c l i n i c a l  f a r m e r ' s  lung inc reased  in  d a i r y  

h e i f e r s  and young cows but  decreased in  o l d e r  d a i r y  cows.

b) V Geograph ica l  o r i g i n  (Appendix 1 -  Ta b le  13) The

a s s o c i a t i o n  between age and the  month when r e s p i r a t o r y  

s ign s  f i r s t  became a pp a re n t  was o n l y  p re sen t  in  the  cases 

f rom Eng land.  W i th  cases le ss  than s i x  years  o l d ,  t h i s

was m a in ly  a Westmorland e f f e c t  compared w i t h  those  more

than  s i x  years  o f  age in  wh ich  i t  was more a ppa ren t  w i t h  

cases f rom the r e s t  o f  England.  In S c o t la n d ,  the  number 

o f  cases o f  f a r m e r ' s  lung inc reased  d u r i n g  the  w i n t e r  

i r r e s p e c t i v e  o f  the  a n i m a l ' s  age.

T h e r e f o r e ,  the  i n c id e n c e  o f  f a r m e r ' s  lung in  c a t t l e  less  

than s i x  years  o f  age inc reased  In a l l  a reas  th r o u g h o u t  the  

w i n t e r , but  the  h ig h  in c id e n c e  a t  the  b e g in n in g  o f  w i n t e r  

in  an im a ls  more than s i x  years  o ld  was a p a r t i c u l a r  f e a t u r e  

o f  n o r t h - w e s t  Eng land.

c)  V Farmer 's  r e a c t i o n  to  dus t  (Appendix 1 ~ Tab le  14) On the  

"no  r e a c t i o n "  fa rm s ,  the  number o f  cases in the  younger age 

group inc reased  d u r i n g  the  w i n t e r  w h i l e  th e  number in the 

o l d e r  group dec reased.  On the  " p o s i t i v e  r e a c t i o n "  fa rm s ,  

t h i s  was n o t  so e v id e n t  and t h e re  was a January t o  March 

peak in c id e n c e  In the  o l d e r  and p a r t i c u l a r l y  in  the  younger 

a n im a ls .  ! n the o l d e r  g roup ,  t h i s  was a " f a r m e r ' s  l u n g "  

e f f e c t .

T h e r e f o r e ,  the  number o f  f a r m e r ' s  lung  cases in c a t t l e  le ss  

than s i x  yea rs  o l d  inc reased  as the  w i n t e r  p rogressed  on 

both the "no  r e a c t i o n "  and the  " p o s i t i v e  r e a c t i o n "  fa rms.  

However, w i t h  a n im a ls  more than s i x  years  o l d ,  t h e r e  was a 

h ig h  in c id e n c e  o f  cases on the  "no  r e a c t i o n "  farms and t h i s  

decreased d u r i n g  the  w i n t e r  whereas on the  " p o s i t i v e



r e a c t i o n "  farms t h e r e  was a c o n s ta n t  h igh  i n c id e n c e  t h r o u g h 

out  the  w i n t e r .

(7) Month r e s p i r a t o r y  d isease  n o t i c e d  v Geograph ica l o r i g i n

There was a g radua l  Inc rease  d u r in g  the  w i n t e r  in  the  

number o f  f a r m e r ' s  lung  cases a d m i t te d  f rom S co t la n d  w h i l e  in  

Westmor land,  the  peak i n c id e n c e  was f rom January t o  March and in

t h e  r e s t  o f  Eng land,  f rom September to  December.

a) V System o f  husbandry (Appendix 1 -■ Tab le  15) The in c re a se  

in  the  number o f  cases f rom Sco t lan d  d u r in g  the  w i n t e r  was

a p a r t i c u l a r  f e a t u r e  o f  d a i r y  husbandry .  L i k e w is e ,  the

January to  March peak in c id e n c e  In Westmor land was a d a i r y

husbandry e f f e c t  o n l y .  In England o u t s i d e  Westmor land,  

a l l  bar  one o f  the seven cases were d a i r y  a n im a ls  and so the  

h ig h  in c id e n c e  a t  the  b eg in n ing  o f  w i n t e r  was a l s o  a d a i r y  

husbandry e f f e c t .

T h e r e f o r e ,  the  re g io n a l  d i f f e r e n c e s  in  the  t ime t h a t  

f a r m e r ' s  lung  cases were f i r s t  seen t o  be 111 was m a in ly  a 

d a i r y  husbandry e f f e c t .

b) V Fa rm er 's  r e a c t i o n  t o  dus t  (Appendix 1 - Tab le  21.) In 

S c o t l a n d ,  the  i n c r e a s i n g  in c id en ce  o f  cases d u r in g  the 

w i n t e r  was m o s t l y  e v id e n t  on the  " p o s i t i v e  r e a c t i o n "  fa rms.  

The January t o  March peak in c iden ce  in cases f rom Westmor

land was e n t i r e l y  a " p o s i t i v e  r e a c t i o n "  e f f e c t  and was 

a lm o s t  e x c l u s i v e l y  c o n f i n e d  to  cases f rom " f a r m e r ' s  lu n g "  

fa rm s .  In t h e  r e s t  o f  Eng land,  s in c e  a l l  excep t  one o f  

the  cases came f rom "n o  r e a c t i o n "  fa rm s ,  the  h igh  Inc idence  

o f  cases a t  the  b eg in n in g  o f  w i n t e r  was a "n o  r e a c t i o n "  

e f f e c t .

T h e r e f o r e ,  the  r e g io n a l  d i f f e r e n c e s  In the  t im e  t h a t  f a r m e r ' s  

lung  cases a rose  were due to  v a r i a t i o n s  in  the  numbers 

o f  cases f rom the  " p o s i t i v e  r e a c t i o n "  farms w i t h  the peak 

in c id e n c e  d u r in g  January ,  February  and March in  Westmor land 

coming f rom " f a r m e r ' s  l u n g "  fa rms.

(8) Month r e s p i r a t o r y  d ise ase  n o t i c e d  v Sys tem o f  husband ry

In d a i r y  c a t t l e ,  t h e r e  was a peak i n c id e n c e  o f  f a r m e r ' s  

lung  f rom January t o  March.



a) Y Farmer ' s  r e a c t i o n  t o  dus t  (Appendix. ] -  T ab le  17) Beef 

c a t t l e  developed f a r m e r ' s  lung w i t h  a s i m i l a r  f requency  on 

"n o  r e a c t i o n "  and on " p o s i t i v e  r e a c t i o n "  fa rms.  Most o f  

the  " o t h e r  d i s o r d e r "  cases were f i r s t  seen t o  be i l l  a t  the 

end o f  w i n t e r .  The January to  March peak in c iden ce  in  

d a i r y  c a t t l e  cases was e n t i r e l y  a " p o s i t i v e  r e a c t i o n "  e f f e c t  

and p r i m a r i l y ,  a " f a r m e r ' s  lu n g "  e f f e c t .

T h e r e f o r e ,  the h igh  i n c id e n c e  o f  f a r m e r ' s  lung in  d a i r y  

c a t t l e  d u r i n g  January ,  February  and March was made up 

e n t i r e l y  o f  cases f rom " p o s i t i v e  r e a c t i o n "  farms and these  

were m a in ly  " f a r m e r ' s  lu n g "  farms,

(9) Fa rmer 's  r e a c t i o n  t o  dus t  v Age

Cases f rom " o t h e r  d i s o r d e r "  farms were s i g n i f i c a n t l y  younger 

than those f rom " f a r m e r ' s  lun g "  farms.

a) v Geograph ic  o r i g i n  (Appendix 1 -  Tab le  18) A l th o u g h  a 

s i m i l a r  p r o p o r t i o n  o f  " o t h e r  d i s o r d e r "  cases f rom S co t la nd  

(67%) and f rom Westmorland (63%) were le s s  than s i x  years 

o l d ,  the  low mean age o f  t h i s  group r e s u l t e d  m a in ly  f rom the  

r e l a t i v e l y  l a r g e  number o f  young an im a ls  f rom Westmor land.  

T h e r e f o r e ,  in Westmor land,  " b o v in e "  f a r m e r ' s  lung was found 

t o  have deve loped  in o l d e r  a n im a ls  where th e  farmer s u f f e r e d  

f rom f a r m e r ' s  lung and in  younger c a t t l e  when some o th e r

r e a c t i o n  was expe r ie n ced .

b) V System o f  husbandry (Appendix 1 -  Tab le  19) The va s t

m a j o r i t y  o f  bee f  and d a i r y  an im a ls  f rom the  " o t h e r  d i s o r d e r "  

farms were le s s  than s i x  years  o ld  w h i l e  those  f rom the 

" f a r m e r ' s  l u n g "  farms were more than s i x  years  o f  age.  

T h e r e f o r e ,  both bee f  and d a i r y  cases f rom " o t h e r  d i s o r d e r "  

farms were younger than those  f rom " f a r m e r ' s  lung"  farms.

( 10) Fa rmer 's  r e a c t i o n  t o  dus t  v System o f  husbandry

Most o f  the  d a i r y  c a t t l e  came f rom " p o s i t i v e  r e a c t i o n "  farms 

and the  v a s t  m a j o r i t y  o f  these  came f rom " f a r m e r ' s  lu n g "  fa rms.

a) V Geograph ica l o r i g i n  (Appendix 1 -  Table  20) The p r e 

va le nce  o f  f a r m e r ' s  lung  in d a i r y  c a t t l e  was e q u a l l y  h igh  

in both S co t la n d  and Westmor land.

T h e r e f o r e ,  the  a s s o c i a t i o n  between d a i r y  fa rm ing  and the  

deve lopment o f  f a r m e r ' s  lung in c a t t l e  and man was

s i



e v id e n t  in  both  ma jo r  a reas  s t u d ie d .

O l )  Age V Geogr a p h i c a l  o r i g i n

There  was no s i g n i f i c a n t  d i f f e r e n c e  in  the  mean ages o f  the

cases a d m i t t e d  f rom d i f f e r e n t  p a r t s  o f  the  c o u n t r y .

a) V System o f  husbandry  (Appendix 1 -  Tab le  16) The e f f e c t  

o f  t h i s  v a r i a b l e  can be. a d e q u a te l y  s t u d ie d  o n l y  in  

Westmor land where f a r m e r ' s  lung was more p r e v a le n t  in  bee f  

c a t t l e  ove r  s i x  years  o f  age (80%) and in d a i r y  c a t t l e  le ss  

than s i x  years  o l d  (61%) A s i m i l a r  p r o p o r t i o n  o f  d a i r y  

cases f rom S co t la n d  were le ss  than s i x  years  o ld  (63%) b u t ,  

f rom the  r e s t  o f  Eng land,  a l l  the  d a i r y  a n im a ls  were more 

than  s i x  ye a rs  o l d .

T h e r e f o r e ,  the  bee f  c a t t l e  t h a t  developed f a r m e r ' s  lung In 

Westmor land were more than s i x  years  o l d  w h i l e  the  d a i r y  

c a t t l e  t h a t  became i l l  were le ss  than s i x  years  o f  age in 

both  Westmor land and S c o t l a n d ,  bu t  more than s i x  years in 

t he  o th e r  a reas  s t u d i e d .

DISCUSSION

Since  th e  number o f  cases o f  f a r m e r ' s  lung in  c a t t l e  

in c reased  w i t h  age,  i t  can be deduced t h a t  the  p a t h o l o g i c a l  e f f e c t  

o f  c a t t l e  being  r e g u l a r l y  exposed t o  mouldy hay dus t  was c u m u la t i v e .  

The mean age o f  the  45 cases was c o n s i d e r a b l y  g r e a t e r  than t h a t  o f  

the  bee f  and d a i r y  c a t t l e  in  S co t la n d  and Westmorland sampled d u r i n g  

t h i s  and o th e r  re ce n t  f i e l d  i n v e s t i g a t i o n s  (Table 2 5 ) .  Because the 

younges t  c l i n i c a l  case was a tw o -ye a r  o ld  h e i f e r  wh ich  had become i l l  

towards the  end o f  her  second w i n t e r  i t  would appear ,  even when mouldy 

hay Is be ing  fed tw ic e  d a i l y ,  t h a t  a minimum p e r io d  o f  about  s i x  

months is  r e q u i r e d  f o r  s ign s  o f  r e s p i r a t o r y  d isease  t o  become 

o b v io u s .

The e p i d e m io lo g i c a l  f e a t u r e s  o f  f a r m e r ' s  lung depended upon 

whe the r  the a d u l t  female  c a t t l e  had been kept  f o r  m i l k  p r o d u c t i o n  or  

t o  r e a r  t h e i r  own c a l v e s .  The d a i r y  an imals  t h a t  developed the  acuce 

d isease  were s i g n i f i c a n t l y  younger than those w i t h  the  c h r o n i c  form 

a l t h o u g h  no such d i f f e r e n c e  was found w i t h  the  bee f  cows. A much 

h ig h e r  p r o p o r t i o n  o f  d a i r y  cows le ss  than s i x  years  o l d  developed 

c h r o n i c  f a r m e r ' s  lung than d id  bee f  cows. Provided  th a t  a l l  breeds



T A B L E  2 5

The mean ages o f  bee f  and d a i r y  c a t t l e  in Sco t la nd  and 

Westmor land examined d u r i n g  the  s e r o l o g i c a l  su rvey  to g e th e r  .with the  

mean ages o f  the  a c u te  and c h r o n i c  cases o f  f a r m e r ' s  lung .

Geograph ica l  O r i g i n Fa rm e r 's  Lung Cases

Type o f  C a t t l e  S co t la n d  Westmor land Acu te  Ch ron ic  T o ta l

Beef

No. Sampled 

Mean Age

340 155 5 9 14

6 .5  "  2 .7  5 .7  "  2 .6  7.0 -  2 .3  8 .3  -  2.1 7 .7  -  0 . 6

Da 1 ry

No. Sampled 

Mean Age'

640 165 12 20 32

5 .4  -  2 .2  5 .2  -  1 .7  6 .3  -  2 .5  7 .9  -  1 .8  7.3  -  0 .4

+ Grimshaw, W.T.R.  (1977) Personal  communicat ion

Mean age and s ta n d a rd  d e v i a t i o n .
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o f  c a t t l e  respond t o  the  i n h a l a t i o n  o f  mouldy hay dus t  in  a s i m i l a r  

manner,  i t  can be conc luded t h a t  d a i r y  c a t t l e  had a d i f f e r e n t  

p e r i o d i c i t y  o f  exposure t o  mouldy hay than had beef  c a t t l e .

in  the  same a r e a ,  d a i r y  c a t t l e  a re  housed f o r  a longer  

p e r io d  than  beef  c a t t l e  and even when the hay is  o f  equal mou ld !ness ,  

the d a i r y  an ima ls  must have a g r e a t e r  exposure to  mouldy hay d u s t .

Some o f  the  d i f f e r e n c e s  in  the  age o f  animal  a f f e c t e d  between the  two 

forms o f  husbandry can be a t t r i b u t e d  t o  the f a c t  t h a t  l a c t a t i n g  d a i r y  

c a t t l e  are  c l o s e l y  observed tw ic e  d a i l y  whereas bee f  c a t t l e  a re  a t  

bes t  o n l y  " l o o k e d  a t "  t w i c e  per day.  Consequen t ly ,  the  l a t t e r  

an im a ls  w i l l  o n l y  be seen t o  be i l l  when the r e s p i r a t o r y  s igns  are 

r e l a t i v e l y  severe .

The i n c id e n c e  o f  f a r m e r ' s  lung  was h ig h e r  amongst d a i r y  

c a t t l e  excep t  in Westmor land where the  c o n d i t i o n  was more p r e v a le n t  

in bee f  a n im a ls .  In t h i s  c o u n t y ,  bee f  cows a re  kept  f rom November to  

A p r i l  In f i e l d - h o u s e s  (F igu re  4) in which t h e i r  w i n t e r ' s  supp ly  o f  hay 

is  a l s o  s t o r e d .  The f a c t  t h a t  these  cows a re  exposed t o  l a rg e  amounts 

o f  mouldy hay dus t  tw i c e  per  day f o r  up t o  s i x  c o n s e c u t i v e  months e ve ry  

year undoub ted ly  i n f l u e n c e s  the  p r o b a b i l i t y  o f  t h e i r  d eve lop ing  

f a r m e r ' s  lu ng .  A l t h o u g h  p a r t s  o f  the  c o u n t ie s  o f  Dumfr ies  and Lanark  

a re  t o p o g r a p h i c a l l y  s i m i l a r  to  Westmor land,  the  c l i m a t e  is le ss  extreme 

and so when beef  c a t t l e  a re  housed,  i t  is  f o r  a much s h o r t e r  p e r io d .

The type  o f  hous ing  a l s o  d i f f e r s  in  t h a t  a much h ig h e r  p r o p o r t i o n  o f  

the  beef  an im a ls  a re  loose-housed  in the  two S c o t t i s h  c o u n t i e s  

compared w i t h  Westmor land.

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  mean ages o f  

the  a n im a ls  w i t h  the  two forms o f  the  d isease  in Westmor land a l t h o u g h  

o v e r a l l ,  the  acu te  cases were s i g n i f i c a n t l y  younger  than the  c h r o n i c  

ones.  Since  the  c h r o n i c  cases f rom Westmorland were s i g n i f i c a n t l y  

younger than those  f rom th e  r e s t  o f  the  c o u n t r y  and because a ve ry  

h ig h  p r o p o r t i o n  o f  the  t o t a l  number o f  an ima ls  came f rom t h i s  p a r t  

o f  Eng land,  i t  can be deduced t h a t  a l l  c a t t l e  in Westmor land a re  

l i k e l y  t o  be exposed t o  c o m p a r a t i v e l y  l a rg e  amounts o f  mouldy hay d u s t .  

The e x p l a n a t i o n  f o r  t h i s  is  t w o - f o l d :  f i r s t l y ,  the  re g u la r  r a i n f a l l

d u r i n g  the  hay-making season means t h a t  mouldy hay is  l i k e l y  t o  be made 

t h r e e  years  ou t  o f  every  f o u r  (215) and s e c o n d l y , c a t t l e  in Westmorland 

a re  housed f o r  a lo n g e r  p e r io d  than those in the o th e r  p a r t s  o f  the  

c o u n t r y  because o f  the  r e l a t i v e l y  extreme w i n t e r  c l i m a t e .



FIGURE 4 A v ie w  o f  a t y p i c a l  f i e l d - h o u s e  in  Westmor land
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The l a r g e  number o f  a n im a ls  a d m i t te d  f rom Westmor land 

compared w i t h  the  c o u n t ie s  o f  Dumfr ies  and Lanark  co u ld  s im p ly  have 

been a r e f l e c t i o n  o f  the  g r e a t e r  number o f  c a t t l e  a t  r i s k .  In f a c t ,  

the  re v e rs e  was t r u e  (Table 26) and i t  was found t h a t  c a t t l e  in 

Westmorland were about  s i x  t im es  more l i k e l y  to  deve lop  f a r m e r ' s  lung 

than those  in  the  two S c o t t i s h  c o u n t i e s .  That  tw i c e  as many d a i r y  as 

beef  c a t t l e  were a f f e c t e d  m igh t  a l s o  have been a r e f l e c t i o n  o f  the  

numbers a t  r i s k  bu t  a g a in  t h i s  was found not  t o  be so.  in D u m f r i e s 

s h i r e  and L a n a r k s h i r e ,  f a r m e r ' s  lung was t h r e e  t imes  as p r e v a le n t  in  

d a i r y  as in bee f  a n im a ls  whereas in Westmorland the  o p p o s i t e  was seen 

(Table 2 6 ) ,  D a i r y  c a t t l e  were f o u r  t imes more l i k e l y  and bee f  c a t t l e  

20 t imes more l i k e l y  t o  s u f f e r  f rom fa r m e r ' s  lung in Westmorland than 

in  D u m f r i e s s h i r e  and L a n a r k s h i r e .  Consequen t ly ,  t h e  p r o b a b i l i t y  o f  

c a t t l e  d e v e lo p in g  t h i s  r e s p i r a t o r y  d i s o r d e r  is  dependant  upon both 

g eo g ra ph ic a l  and husbandry f a c t o r s .

I t  is  no t  un reasonab le  t o  s p e c u la te  t h a t  the  fa rm ers  who 

were a d v e r s e l y  a f f e c t e d  by mouldy hay dus t  had a h i s t o r y  o f  g r e a t e r  

exposure  than those  who were u n a f f e c t e d .  Evidence t h a t  t h e re  had 

been r e g u l a r ,  h ig h  l e v e l s  o f  exposure  on the  " p o s i t i v e  r e a c t i o n "  farms 

seemed to  be c o n f i rm e d  by the  f a c t  t h a t  th e re  was no s i g n i f i c a n t  

d i f f e r e n c e  in the  mean age between th e  acu te  and c h r o n i c  cases f rom 

these  fa rms.  In a d d i t i o n ,  no t  o n l y  were the  c h r o n i c  cases f rom the  

"n o  r e a c t i o n "  farms s i g n i f i c a n t l y  o l d e r  than the  a cu te  cases but  they  

were a l s o  s i g n i f i c a n t l y  o l d e r  than the c h r o n i c  cases f rom the  " p o s i t i v e  

r e a c t i o n "  fa rms .  I f  the  deve lopment o f  f a r m e r ' s  lung  had been

e n t i r e l y  dependant  upon the  amount o f  exposure t o  mouldy hay d u s t  then

i t  m igh t  have been expected  t h a t  the  a cu te  cases f rom the  " f a r m e r ' s  

lu n g "  farms shou ld  have been younger than those  f rom the  " o t h e r  

d i s o r d e r "  fa rms.  However,  the  o p p o s i t e  was found and the  a cu te

" o t h e r  d i s o r d e r "  cases were s i g n i f i c a n t l y  younger than those  f rom the

" f a r m e r ' s  l u n g "  fa rms.  D i f f e r e n c e s  In the  f reque ncy  and amount o f  

exposure cou ld  perhaps e x p l a i n  t h i s  r a t h e r  unexpected  f i n d i n g .  I t  

has been suggested  t h a t  sudden onse t  episodes o f  b i r d  f a n c i e r ' s  lung  

r e s u l t  f rom i n t e r m i t t e n t  (once per week),  massive exposure  t o  a n t i g e n  

(p igeon form) w h i l e  the  i n s i d i o u s  onse t  (bu dg e r ig a r  form) was b ro ugh t  

on by c o n s t a n t ,  lo w -g ra de  a n t i g e n i c  exposure (113) .  In t h i s  

i n v e s t i g a t i o n  i t  was no t  p o s s i b l e ,  even r e t r o s p e c t i v e l y ,  t o  r e l a t e  the 

onse t  o f  a cu te  r e s p i r a t o r y  s ig n s  t o  known sudden changes in exposure 

t o  M. faen i , a l t h o u g h  the  f a c t  t h a t  o n l y  s i n g l e  a n im a ls  w i t h i n  a herd
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were a f f e c t e d  a t  one t im e  m igh t  i n d i c a t e  t h a t  t h e i r  p a t t e r n  o f  

exposure  had been d i f f e r e n t  f rom t h a t  o f  t h e i r  peers .  In Canada 

(31) and in F in la n d  (187) ,  mouldy hay - induced  r e s p i r a t o r y  d ise ase  most 

commonly a f f e c t s  cows in the  s t a n d in g s  a d ja c e n t  t o  where the  hay is 

thrown down f rom the  l o f t .

Four a cu te  cases were f i r s t  seen to  be 111 soon a f t e r  they

had c a lv e d  and the  owners o f  Herds 1, 2 and 4 (Chapter  2, S e c t io n  I )

c la im ed  t h a t  r e s p i r a t o r y  d isease  was f r e q u e n t l y  f i r s t  observed a few 

weeks p o s t -p a r tu m .  I f  a p o s t - c a l v i n g  change in  exposure  t o  mouldy 

hay dus t  had o c c u r r e d ,  then  i t  i s  much more l i k e l y  t o  have been a 

decrease  r a t h e r  than an in c re ase  as " d r y "  cows a re  u s u a l l y  g iven  the  

m o u ld i e s t  hay.

On the  o th e r  hand,  the  a b i l i t y  o f  an i n d i v i d u a l  cow t o

r e a c t  to  a g iven  exposure  o f  mouldy hay dus t  m igh t  be d i f f e r e n t  soon

a f t e r  c a l v i n g  than a t  o t h e r  t imes d u r i n g  her  l a c t a t i o n .  S i g n i f i c a n t  

amounts o f  immunog lobu l ins  a re  t r a n s f e r r e d  f rom cow to  c a l f  o n l y  v ia  

t h e  c o lo s t r u m  ( 2 4 2 ) . and,  d u r i n g  the  two to  t h r e e  weeks b e fo re  

p a r t u r i t i o n ,  the  c o n c e n t r a t i o n  o f  lgG-1 in  t h e  serum o f  the  dam 

decreases by more than 50 per ce n t  whereas the  c o n c e n t r a t i o n s  o f  lgG-2 ,  

1gM, IgA and a lbumin  remain unchanged (33, 6 1 ) .  By f o u r  weeks a f t e r  

p a r t u r i t i o n ,  th e  c o n c e n t r a t i o n  o f  lgG-1 in the  dam's serum has re tu r n e d  

t o  a v a lu e  s i m i l a r  t o  what  i t  had been b e fo re  i t s  a b r u p t  f a l l  (33 ) .  

lgG-1 has been d e s c r ib e d  as the  " c o m p le m e n t - f i x i n g  s u b - c la s s  o f  IgG" 

in  c a t t l e  and sheep (148) and so i s  e s s e n t i a l  f o r  the  development o f

f a r m e r ' s  lung wh ich  is  tho ugh t  t o  be the  r e s u l t  o f  a t ype  I I I

h y p e r s e n s i t i v i t y  r e a c t i o n  In the  lungs  (196) .  T h e r e f o r e ,  the  

development o f  c l i n i c a l  f a r m e r ' s  lung  a few weeks a f t e r  p a r t u r i t i o n  

may be more a f u n c t i o n  o f  the  r a p id  in c re ase  in the  t i t r e  o f  serum

p r e c i p i t a t i n g  a n t i b o d y  to  M. fa e n i  than o f  the  amount o f  exposure to

mouldy hay d u s t .

D i f f e r e n c e s  in the  M, fa e n i  a n t i g e n i c i t y  o f  mouldy hays a re  

known t o  occur  (109,  199), bu t  I t  i s  u n l i k e l y  t h a t  they  a re  im p o r ta n t  

w i t h  regard  t o  the  development o f  f a r m e r ' s  lung  in s i n g l e  a n im a l s .

An a n i m a l ' s  age and t h e r e f o r e  i t s  accumula ted h i s t o r y  o f  

exposure  t o  mouldy hay was found t o  be c l o s e l y  a s s o c ia te d  w i t h  the  

p e r io d  o f  the w i n t e r  when the  r e s p i r a t o r y  s ig ns  f i r s t  became o b v io u s .  

W i th  both  a cu te  and c h r o n i c  forms o f  the  d is e a s e ,  o l d e r  a n im a ls  (more



than s i x  years )  became i l l  m a in l y  d u r in g  the  f i r s t  h a l f  o f  the  w i n t e r  

and younger an im a ls  ( l e s s  than  s i x  years )  u s u a l l y  d u r i n g  the  second 

h a l f .  T h is  is  u n l i k e l y  t o  be f u l l y  e x p la in e d  by v a r i a t i o n s  In the  

amount o f  exposure  t h a t  i n d i v i d u a l  an im a ls  have had to  mouldy hay dus t  

but  i s  l i k e l y  t o  be r e l a t e d  t o  the  t i t r e  o f  p r e c i p i t a t i n g  a n t i b o d y  t o  

h .  fa e n i  a t  t h e  b e g in n in g  o f  w i n t e r .  The p re va le nce  o f  p r e c i p i t î n s  

inc re ase s  w i t h  age (Chapter  3,  S e c t io n  I I )  as does the  p r o p o r t i o n  o f  

an im a ls  w i t h  a r e l a t i v e l y  h igh  t i t r e  ( g r e a te r  than 1 / 8 ) .  A f t e r  the  

summer g r a z in g  season,  many young an im a ls  wh ich  had been s e r o 

p o s i t i v e  in the  s p r i n g  were found t o  be s e r o - n e g a t i v e  whereas the  

p r e c i p i t i n s  had p e r s i s t e d  In the  v a s t  m a j o r i t y  o f  the  o l d e r  cows (57 ) .  

On subsequent  exposure  to  mouldy hay,  a much s h o r t e r  p e r io d  would 

then  appear  t o  be r e q u i r e d  f o r  c l i n i c a l  r e s p i r a t o r y  d ise ase  t o  become 

obv i o u s .

i t  was o n l y  on th e  "n o  r e a c t i o n "  farms t h a t  the  o ld  cows 

became i l l  a t  the  b e g in n in g  o f  w i n t e r  and the  young ones towards the  

end.  On the  " p o s i t i v e  r e a c t i o n "  farms and p a r t i c u l a r l y  on the  

" f a r m e r ' s  l u n g "  fa rm s ,  t h e r e  was a peak in c id en ce  d u r i n g  January ,  

February  and March.  A h igh  i n c id e n c e  o f  f a r m e r ' s  lun g  d u r in g  

these  t h r e e  months was a f e a t u r e  o f  the  f a c t o r s  wh ich  were a s s o c ia te d  

w i t h  the  development o f  d ise a se  in young a n im a ls  ( the  a cu te  form o f  

the  d is e a s e ,  d a i r y  husbandry and coming f rom W estmor land) .

S ince  o n l y  a s i n g l e  animal  was a d m i t te d  f rom 21 o f  the  29 

fa rms ,  c l i n j c a l  f a r m e r ' s  lung would appear t o  a f f e c t  m a in ly  I n d i v i d u a l  

a n im a ls .  However, in  more than  t h r e e - q u a r t e r s  o f  these  21 he rds ,  

t h e r e  was c l i n i c a l  ev id ence  o f  r e s p i r a t o r y  d isease  in the  o th e r  housed 

cows. I t  shou ld  not  be s u r p r i s i n g  to  f i n d  t h a t  f a r m e r ' s  lung is 

r e a l l y  a herd d isease  s in c e  i t  has a l r e a d y  been shown t h a t  the  fe e d in g  

o f  mouldy hay tw ic e  d a i l y  f o r  abou t  180 c o n s e c u t i v e  days can produce 

herd o u tb re aks  o f  r e s p i r a t o r y  d ise ase  o f  v a r y i n g  s e v e r i t y  (Chapter  2,  

S e c t i o n  1 ) .  in  man, f a r m e r ' s  lu ng  (77, 286) and o th e r  examples o f  

e x t r i n s i c  a l l e r g i c  a l v e o l i t i s  (15,  45) can a l s o  p resen t  as a m u l t i p l e  

in c id e n c e  d isease  when groups o f  peop le  have been exposed s im u l ta n e o u s -  

1 y t o  the  e x c i t i n g  d u s t .

A s i n g l e  case was a d m i t t e d  f rom o n l y  one o f  the  s i x  ’ ’ f a r m e r ' s  

l u n g ”  farms and even t h e r e  a n o th e r  cow, which had been n o t i c e d  t o  

wheeze d u r i n g  the  w in t e r ,  v/as found t o  have c h r o n i c  f a r m e r ' s  lung  when 

i t  was purchased two years  l a t e r  (290) .  I f  the  fa rmer h i m s e l f  has
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deve loped f a r m e r ' s  lung  and i f  the  c a t t l e  have been fed mouldy hay,  

then I t  is  h i g h l y  p ro bab le  t h a t  they  too  w i l l  have developed f a r m e r ' s  

lung .  The conve rse  however does no t  a p p l y ;  c o n f i r m a t i o n  o f  f a r m e r ' s  

lung  In c a t t l e  does not  mean t h a t  the  fa rm er  is  s u f f e r i n g  f rom the  

d ise ase  s in ce  ,the amount o f  exposure  t o  which he i s  su b je c te d  depends 

upon h i s  own husbandry methods.  A fa rmer  who feeds hay p r i o r  to  

m i l k i n g  Is p a r t i c u l a r l y  a t  r i s k  whereas i f  the  cows a re  fed hay a f t e r  

m i l k i n g  the  amount o f  exposure  t o  wh ich  the  fa rm er  is  s u b je c te d  w i l l  

be v e ry  smal l  indeed.

In e ve ry  case p resen ted  in t h i s  s tu d y ,  the  deve lopment o f  

f a r m e r ' s  lung  was c l o s e l y  a s s o c i a te d  w i t h  the  f e e d in g  o f  mouldy hay.  

That  the  p r o b a b i l i t y  o f  c o n t r a c t i n g  f a r m e r ' s  lung  Is g r e a t e s t  where 

the  p o s s i b i l i t y  o f  exposure  t o  mouldy hay i s  h ig h e s t  would appear t o  

be t r u e  s in c e  f a r m e r ' s  lung  was most p r e v a le n t  in  Westmor land in the  

Lake D i s t r i c t  o f  Eng land,  an area renowned f o r  i t s  s ce n ic  b e a u ty ,  

r e g u l a r  summer r a i n f a l l  and mouldy hay.

To c o nc lu d e ,  f a r m e r ' s  lung  in  c a t t l e  was p a r t i c u l a r l y  

common in Westmor land,  in  the  upland  a reas  o f  L a n a r k s h i r e  and a l s o  

in Cumber land and D u m f r i e s s h i r e .  The d isease  was c o n f i rm ed  d u r in g  

the  w i n t e r  hous ing  p e r io d  o r  w i t h i n  a few weeks o f  the  an im a ls  go ing  

o u t  t o  g rass .  T h is  was found t o  be a d isease  o f  a d u l t  an im a ls  

(more than two years  o ld )  and in  p a r t i c u l a r  o f  cows o ve r  s i x  years o f  

age.  The o l d e r  cows tended t o  become i l l  towards the  be g in n ing  

o f  w i n t e r  and the  younger  a n im a ls  towards the  end o f  the  w i n t e r .  

A l t h o u g h  both  bee f  and d a i r y  cows were a f f e c t e d ,  the  d ise ase  was more 

p r e v a le n t  o v e r a l l  In d a i r y  a n im a ls  except  in  Westmor land where t h e r e  

was a h ig h  in c id e n c e  in bee f  cows. Acu te  f a r m e r ' s  lung g e n e r a l l y  

p resen ted  as a s i n g l e  animal  c o n d i t i o n  o f t e n  w i t h i n  the  f i r s t  few 

weeks p o s t - c a l v l n g  whereas the  c h r o n i c  form o f  the  d isease  p resen ted  

as a s i n g l e  in c id e n c e  o r  m u l t i p l e  i n c id en c e  c o n d i t i o n .
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GE NE RAL  I N T RO D U C T I O N

I t  was suspected t h a t  t h e r e  cou ld  be a f a r m e r ' s  l u n g - l i k e  

r e s p i r a t o r y  d isease  o f  c a t t l e  when p r e c i p i t a t i n g  a n t i b o d i e s  t o  

M. fa e n i  were found in the  serum o f  a housed cow wl i i ch  had been 

exposed t o  mouldy hay and had developed r e s p i r a t o r y  d isease  (225) .

The p o s s i b i l i t y  t h a t  a cu te  f a r m e r ' s  lung in  man and " i n d o o r "  fog 

f e v e r  m igh t  have a s i m i l a r  a e t i o l o g y  was I n v e s t i g a t e d  by Jenk ins  and

Pepys ( 1965) who found p r e c i p i t i n s  t o  M. fa e n i  in  75 per cent  o f  sera

f rom c a t t l e  sa id  t o  have been a f f e c t e d  w i t h  " i n d o o r "  fog  f e v e r .

T h is  f i g u r e  i s  much h ig h e r  than the  p reva lence  o f  p r e c i p i t i n s  in any

o f  the  o t h e r  groups they  examined (Tab le 2 7 ) .  P r e c i p i t i n s  t o  

M. fae n i  were a l s o  d e te c te d  in 53 per cent  o f  c a t t l e  s u f f e r i n g  f rom 

an u n s p e c i f i e d  pulmonary d i s o r d e r  wh ich  was a l s o  s a id  to  have 

r e s u l t e d  f rom the fe e d in g  o f  mouldy hay.  However, p r e c i p i t i n s  were 

no t  p re sen t  in  serum from the  one case o f  " c l a s s i c a l " ,  p a s t u r e -  

a s s o c i a te d  fog f e v e r  examined and so i t  was p o s t u l a te d  t h a t  the  

presence o f  p r e c i p i t i n s  co u ld  be used to  d i f f e r e n t i a t e  between the  

" i n d o o r "  form and the  " p a s t u r e - a s s o c i a t e d "  forms o f  fog  f e v e r  

(132) .

As p a r t  o f  our i n v e s t i g a t i o n ,  serum from every  case o f  

a c u te  r e s p i r a t o r y  d isease  in a d u l t  c a t t l e  was examined f o r  p r e c i p i t i n s  

t o  H . fa e n i  and,  as a r e s u l t  o f  f i n d i n g  t h a t  p r e c i p i t i n s  were 

common in  housed c a t t l e  w i t h  r e s p i r a t o r y  d is e a s e ,  an i n v e s t i g a t i o n  

was undertaken  t o  d e te rm ine  the  p re va le nce  o f  p r e c i p i t i n s  t o  M. f a e n i 

in  a d u l t  c a t t l e  in t h i s  c o u n t r y .

In S e c t io n  I ,  the  r e s u l t s  o f  the  i n v e s t i g a t i o n  t o  d e te rm ine  

the  p re va le n ce  o f  p r e c i p i t i n s  t o  M. fa e n i  in  cases o f  fog  f e v e r  a re  

p r e s e n t e d .

In S e c t io n  11, the  f i n d i n g s  o f  the  survey  t o  d e te rm ine  

the  p re va le nce  o f  p r e c i p i t i n s  t o  M. fa e n i  in a d u l t  c a t t l e  are 

d i s c i i ssed .



T A B L E  27

The numbers o f  c a t t l e  in s e le c te d  groups w i t h  serum 

p r e c i p i t i n s  a g a in s t  e x t r a c t s  o f  H i c r o p o l y spora f a e n i .

Groups o f  Sera
No. o f  
An im a ls

M. fa e n i  P o s i t i v e
.%

No c l i n i c a l  
re s p i  r a t o r y  
d isease

Not exposed t o  mouldy h ay /  84 
a f f e c t e d  w i t h  n o n - r e s p i r a t o r y  
d isease

A b a t t o i r  samples 193

10

5

Exposed t o  mouldy hay 68 24

C l i n i c a l  
re sp i  r a t o r y  
d i sease

V i rus pneumon ia

R e s p i r a t o r y  d isease  
(undiagnosed)

28

38

4

37

Fog f e v e r  (d iagnosed) 28 75

Tota  1 439 16

A f t e r  Jenk ins  and Pepys (1965).



S E C T I O N  I

A STUDY OF THE PREVALENCE OF PRECIPITATING ANTIBODIES 

TO MlCROPOLYSTORA FAENI IN CATTLE AFFECTED WITH FOG FEVER

MATERIALS AND METHODS

(} ) S e l e c t i o n  o f  c a t t l e

■ a) Fog f e v e r  group The a n im a ls  were a d m i t te d  t o  the  Glasgow

V e t e r i n a r y  School d u r i n g  an i n v e s t i g a t i o n  o f  acu te  

r e s p i r a t o r y  d isease  in  a d u l t  c a t t l e .  A d ia g n o s i s  o f  fog

fe v e r  was made when an animal  had become i l l  d u r i n g  the

months o f  September,  October o r  November a f t e r  a change to  

a b e t t e r  p a s tu re  and when a t  l e a s t  tv/o o f  the  f o l l o w i n g  

l e s i o n s  were p re s e n t  a t  n ec rop sy ;  pulmonary oedema and 

h y a l i n e  membranes, pulmonary emphysema and a l v e o l a r  e p i t h e l i a l  

h y p e r p l a s i a .  The cases o f  fog  f e v e r  a d m i t t e d  d u r in g  the 

f i r s t  two years  o f  t h i s  i n v e s t i g a t i o n  form fog  f e v e r  

(Group A) and those  a d m i t t e d  in the  t h r e e  subsequent  years  

compr ise  fog  f e v e r  (Group B ) .

b) Indoors  r e s p i r a t o r y  d isease  group Serum samples taken by 

a v e t e r i n a r y  p r a c t i t i o n e r  in  Westmor land f rom a number o f  

a d u l t  c a t t l e  wh ich  had developed r e s p i r a t o r y  d isease  d u r in g  

the  w i n t e r  (December t o  May i n c l u s i v e )  were a l s o  examined 

f o r  p r e c i p i t i n s  t o  M. f a e n i  and the  r e s u l t s  have been 

in c lu d e d  f o r  compar ison w i t h  the  fog  f e v e r  cases.  The 

c l i n i c a l  s ig ns  o f  r e s p i r a t o r y  d isease  had been p re sen t  f o r  

severa l  weeks in e ve ry  case except  one wh ich  had p resen ted  

w i t h  a cu te  r e s p i r a t o r y  d i s t r e s s .

(2) Exam ina t ion  o f  b lood  samples

Blood was taken  f rom the  j u g u l a r  v e in  o f  eve ry  animal  a d m i t t e d  

a l i v e .  The samples were kept  a t  4°C o v e r n ig h t  and,  a f t e r  being  

spun a t  1300 g f o r  30 m in u te s ,  the serum was taken o f f  and 

s t o r e d  a t  -2Q^C u n t i l  examined.

The sera f rom the  fog  f e v e r  (Group A) and the  indoor  

r e s p i r a t o r y  d isease  group were examined f o r  the  presence o f  

p r e c i p i t a t i n g  a n t i b o d i e s  a g a i n s t  a n t i g e n s  p repared  f rom the 

f o l l o w i n g  m ic r o - o r g a n is m s ;  A s p e r g i l l u s candi  d u s , A . f u r n i q a tu s ,



A. n î d u l a n s,  Hum î c o ] a s t c l l a t a ^  Ma 1bia  ncheo pu 1ch e ! I c , Mj f a e n Î

and a t h e r m o p h i l i c  Pen i d  11 i urn sp ec ies .

The sera f rom the  fog  fe v e r  (Group B) cases were examined 

f o r  p r e c i p i t a t i n g  a n t i b o d i e s  a g a in s t  A . fum î ga t us and M. f a e ni  

o n l y .

(3) P ré pa râ t  ion o f  a n t i g e n s  f o r  doub le  d i f f u s io n  t e s ts

The A. cand idus , A. f u m ig a t u s and A_. n i du Ians a n t i g e n s  were

prepared by c u l t u r i n g  the  organ isms in g lucose  peptone b r o th  in

Roux f l a s k s  f o r  s i x  weeks a t  28^C. The b r o th  c u l t u r e s  wcre

f i l t e r e d  and the  f i l t r a t e s  d i a l y s e d  a g a in s t  run n ing  tap  w a te r  f o r  

36 h o u rs ,  c o n c e n t r a te d  t o  a p p r o x im a te l y  o n e - q u a r t e r  o f  t h e i r  

volume u s ing  carbowax M20 (S e a r le ,  High Wycombe, Bucks.)  and 

s t e r i l i s e d  by r n i l l l p o r e  f i l t r a t i o n  (pore s i z e  ~ 0 .45^um).  The 

f i l t r a t e  was used u nc o n c e n t ra te d  f o r  the  doub le  d i f f u s i o n  t e s t s .

The o th e r  m ic r o - o r g a n is m s ,  H. s t e l l a t a ,  M. f a e n i ,

M. p u l c h e l l a  and the  Pen i c i  I l i u m  s p e c ie s ,  were grown on n u t r i e n t  

agar f o r  ten  t o  14 days a t  55^C. The p la te s  were f ro z e n  and 

thawed t h r e e  t im e s ,  then the  f l u i d  exudate  was decanted ,  

f i l t e r e d  and the  f i l t r a t e ,  a f t e r  i t  had been d ia l y s e d  a g a in s t  

runn ing  tap  w a te r  f o r  36 h o u rs ,  was c o n c e n t ra te d  t o  a p p r o x im a te l y  

o n e - q u a r te r  o f  i t s  volume u s in g  carbowax M20 and s t e r i l i s e d  

by m i l l i p o r e  f i l t r a t i o n  (pore s i z e  -  0 .45/Um).  The f i l t r a t e  

was used unco n cen t ra te d  f o r  the  doub le  d i f f u s i o n  t e s t s .

(4) Double d i f f u s i o n  t e s t  p rocedure

Sera were examined f o r  Aspe rq11 lus spec ies  a n t i b o d i e s  in 

b o r a t e - b u f f e r e d  (pH -  8 ,6 )  1.5 per  cent  lonagar No. 2 (Oxoid,  

London) a c c o r d in g  to  the method o f  Murray  and Mahgoub (1968).

The p la te s  were incuba ted  f o r  seven days ,  then f lood ed  w i t h  a 

c i t r a t e ,  s o l u t i o n  and l e f t  o v e r n i g h t  to  ensure t h a t  the 

p r e c i p i t a t i o n  l i n e s  were not  the  r e s u l t  o f  a n o n - s p e c i f i c  

r e a c t i o n  due t o  C - r e a c t i v e  p r o t e i n  ( I 96) .  For the  d e t e c t i o n  o f  

a n t i b o d i e s  a g a i n s t  the  o th e r  m ic ro -o rg a n is m s ,  the  sera were 

t e s t e d  in  1.5  per  cen t  Oxoid lonagar No. 2 p repared w i t h  

M a c !1 va i n ' s  c i t r i c  a c i d  b u f f e r  (pH -  7 . 2 ) .  The p a t t e r n  used 

was a c e n t r a l  a n t i g e n  w e l l  4 mm in d iam e te r  and f i v e  p e r ip h e r a l  

serum w e l l s  6 mrn in d ia m e te r ;  the  d i s t a n c e  edge t o  edge between
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t he  c e n t r a l  and p e r i p h e r a l  w e l l s  was 5 mm. The p l a t e s ,  wh ich  

were kept  in  a humid chamber a t  24^C were examined d a i l y  and,  

when th e  f i n a l  re ad in g  was made a f t e r  f i v e  days,  the number and 

i n t e n s i t y  o f  the  l i n e s  were no ted .  Over a p e r io d  o f  th ree  t o  

f o u r  days ,  the  p l a t e s  were washed in two changes o f  phosphate-  

b u f f e r e d  s a l i n e  and once in  d i s t i l l e d  w a te r .  They were then 

s ta i n e d  w i t h  e i t h e r  n aph tha lene  b la c k  12B (amidoschwar tz )  or  

azocarm ine B.

RESULTS

The r e s u l t s  o f  the  doub le  d i f f u s i o n  t e s t s  w i t h  the  

i n d i v i d u a l  a n t i g e n s  a re  se t  o u t  in  Tab le  28, P r e c i p i t a t i n g  a n t i 

bod ies  a g a in s t  the  com p le te  t e s t  panel o f  m ic ro -o rga n is m s  were not  

d e te c te d  in any o f  the  sera f rom the  12 cases o f  fog  f e v e r  in  Group 

A,  S i m i l a r l y ,  p r e c i p i t i n s  a g a in s t  A. f um iga tu s  and M. fa e n i  were 

n o t  d e te c te d  in  the  sera f rom the  cases o f  Fog f e v e r  in  Group B.

W i th  the  ind oo rs  r e s p i r a t o r y  d isease  g roup ,  p r e c i p i t i n s  to  

M. fae n i  were p re s e n t  in  ten  samples (91%). Of the  o th e r  s i x  

a n t i g e n s  used,  p o s i t i v e  p r e c i p i t a t i o n  r e a c t i o n s  were d e te c te d  o n l y  

w i t h  A. c a n d id u s , A. fum ig a tu s  and A . n i d u la n s  and i t  was the  same 

two an im a ls  t h a t  were p o s i t i v e  w i t h  each s p ec ie s .

DISCUSSION

In t h i s  s tudy  wh ich  extended over f i v e  y e a r s ,  no t  one o f  

the  33 a d u l t  c a t t l e  a f f e c t e d  w i t h  " c l a s s i c a l "  fog  f e v e r  had 

dem ons t rab le  l e v e l s  o f  serum p r e c i p i t a t i n g  a n t i b o d y  t o  M. f a e n i  o r  

t o  some o f  the  common funga l  a n t i g e n s  encounte red  in  mouldy f o o d 

s t u f f s .  T h is  was not  e n t i r e l y  unexpected s i n c e ,  in  the  o r i g i n a l  

r e p o r t s  o f  fog f e v e r ,  a d ise a se  t h a t  a f f e c t e d  g r a z in g  c a t t l e  in the  

autumn had been d e s c r ib e d  ( I 4 l ,  221 ) .  F a rm e r 's  lung is  u s u a l l y  

d iagnosed in  the  s p r i n g  (5 2 , 250) when most c a t t l e  in  the  " f a r m e r ' s  

l u n g "  a reas  o f  B r i t a i n  a re  housed.  That  over  90 per cen t  o f  the  

cows wh ich  developed r e s p i r a t o r y  d isease  w h i l s t  they  were indoors  d id  

have p r e c i p i t i n s  t o  M. faen I  was in agreement w i t h  the  o r i g i n a l  

s u g g e s t i o n  made by Je n k in s  and Pepys (1965) t h a t  a r e s p i r a t o r y  

d ise ase  s i m i l a r  t o  f a r m e r ' s  lung  c o u ld  a f f e c t  c a t t l e .  T h is  

s u gg e s t i on  was co n f i rm e d  l a t e r  when a housed,  h a y - fe d  cow which
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deve loped  an a cu te  r e s p i r a t o r y  d isease  d iagnosed by the v e t e r i n a r y  

p r a c t i t i o n e r  as " i n d o o r "  fog  f e v e r ,  was found t o  be s u f f e r i n g  f rom a 

c o n d i t i o n  v i r t u a l l y  i d e n t i c a l  t o  a cu te  f a r m e r ' s  lung In man (207) .

In a d d i t i o n  t o  the  s e r o l o g i c a l  d i f f e r e n c e s  between th e  

" i n d o o r  fo rm"  o f  fog  f e v e r  ( f a r m e r ' s  l u n g - l i k e  d isease )  and the  

" p a s t u r e  fo rm "  ( " c l a s s i c a l "  fog  f e v e r ) ,  t h e r e  a re  obv ious  

e p id e m io lo g i c a l  and h i s t o p a t h o l o g i c a l  d i f f e r e n c e s  (Tab le  2 g ) . As

ment ioned above,  " c l a s s i c a l "  fog  f e v e r  occurs  when c a t t l e  a re  

g r a z in g  and c o n s e q u e n t l y ,  a re  no t  be ing  fed  hay ;  the  f e e d in g  of.  

mouldy hay t o  c a t t l e  i s  commonly a s s o c ia te d  w i t h  the  development o f  

f a r m e r ' s  lung in  man (250) .  None o f  the  c h a r a c t e r i s t i c  h l s t o -  

p a t h o l o g i c a l  l e s i o n s  o f  a c u te  f a r m e r ' s  lung (mononuclear c e l l u l a r  

i n f i l t r a t i o n  o f  the  a l v e o l a r  s e p ta ,  b r o n c h i o l i t i s  o b l i t e r a n s  and 

e p i t h e l i o i d  g ranu lomata)  were found in the  lungs  o f  the  fog  f e v e r  

cases .  In c a t t l e ,  a l t h o u g h  both f a r m e r ' s  lung and fog  f e v e r  can 

p re sen t  as sudden onse t  r e s p i r a t o r y  d i s t r e s s ,  the  e p i d e m io lo g i c a l  

and h i s t o p a t h o l o g i c a 1 d i f f e r e n c e s  a re  so g r e a t  t h a t  the  r e s u l t  o f  a 

p r e c i p i t a t i o n  t e s t  f o r  a n t i b o d i e s  t o  M. fa e n i  i s  no t  r e q u i r e d  in  

o r d e r  t o  d i f f e r e n t i a t e  between them.
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A compar ison o f  the  ma jo r  e p i d e m io lo g i c a l  and h î s t o p a t h o l o g î c a 1 

f e a t u r e s  o f  fog  f e v e r  in c a t t l e  and a cu te  f a r m e r ' s  lung  in  man.

D isease Ep idem io lo gy H i s t o p a t h o l o g i c a l  L es ion s

Fog Fever

Autumn (Sept .  •* Nov.)  Pulmonary Conges t io n .

C a t t l e  o u t s i d e  e a t i n g  
g r a s s .

Pulmonary oedema and h y a l i n e  
membranes.

A l v e o l a r  e p i t h e l i a l  h y p e rp la s ia ,

I n t e r s t i t i a l  emphysema.

A cu te  
F a rm e r ' s 
Lung

S p r in g  (Jan. -  May)

C a t t l e  housed e a t i n g  
mouldy hay.

Mononuclear  c e l l u l a r  i n f i l t r a 
t i o n .

B r o n c h i o l i t i s  o b l i t e r a n s .  

E p i t h e l i o i d  g ranu lom a ta .

1 . 1 1



S E C T I O N  11

A STUDY OF THE PREVALENCE OF PRECIPITATING

ANTI BODIES TO MjCROPOL Y ^ F A E N I  IN ADULT CATTLE

MATERIALS AND METHODS

(1) S e l e c t i o n  o f  c a t t l e

The herds i n v o l v e d  in  t h i s  s tudy  were s e le c te d  f o r  one o f  

the  f o l l o w i n g  reasons ;  because the  fa rmer s u f f e r e d  f rom f a r m e r ' s  

lung  -  " f a r m e r ' s  l u n g "  herds (ELI to  FL7) ,  o r  because p r e c i p i t a t 

ing a n t i b o d i e s  t o  M. fa e n i  had been d e te c te d  in  serum samples 

f rom i n d i v i d u a l  cows wh ich  had developed r e s p i r a t o r y  d isease  

w h i l s t  they  were in doo rs  -■ " p o s i t i v e  sample"  herds (PSl to  PS6) ,■ 

o r  s im p ly  because hay was be ing  fed  t o  the  c a t t l e  d u r in g  the  

w i n t e r  -  " random" herds (R1 t o  R 4 ) . Fa rm er 's  lung had been 

con f i rm ed  In the  owners o f  " f a r m e r ' s  lu n g "  herds d u r in g  the  

f i v e  years p r i o r  t o  t h i s  su rvey  and,  a l t h o u g h  the  o th e r  fa rm ers  

were not  known t o  be f r e e  f rom the  d ise ase ,  they  were not  aware 

o f  any r e s p i r a t o r y  symptoms a f t e r  w o rk in g  w i t h  m ou ldy .hay .  .

Herds FLl t o  FL7, PSl and R1 t o  Rk were lo c a te d  in the  s o u t h 

west  o f  S co t la nd  w h i l e  the  o th e r  he rds ,  PS2 to  PS6 and FLS were 

in  the  n o r th - w e s t  o f  England.  A l l  were d a i r y  herds a p a r t  f rom 

PS2, PS3 and PS4 wh ich  were s i n g l e - s u c k l i n g  bee f  e n t e r p r i s e s .

A l l  the  c a t t l e  were t i e d  d u r in g  the  w i n t e r  excep t  f o r  p a r t  o f  

herd PS3 in  wh ich  70 o f  the  98 cows were loose-housed .

T h is  s tudy  was c o n t in u e d  f o r  a second year  on e i g h t  o f  

these  farms ( F L l ,  FL3, FL5,  FL7, PSl ,  PS6, R l , R2) and a l s o  on 

farm FL8 where f a r m e r ' s  lung was con f i rm e d  in  the  m i l k i n g  cows 

d u r i n g  the  f i r s t  year  o f  t h i s  su rvey .

(2) Exam ina t ion  o f  b lood  samples

The housed a d u l t  c a t t l e  in the  " f a r m e r ' s  l u n g "  and " p o s i t i v e  

sample" herds were b lood  sampled on two occas ions  d u r in g  the  

f i r s t  year  o f  t h i s  i n v e s t i g a t i o n .  The f i r s t  samples were 

c o l l e c t e d  in November or  December e i t h e r  j u s t  b e fo re ,  o r  

im m ed ia te ly  a f t e r ,  the  a n im a ls  had been housed;  t h i s  is  r e f e r r e d  

t o  as the  f i r s t  t e s t .  The samples f o r  the  second t e s t  were 

taken  in the  l a t e  s p r i n g  im m ed ia te ly  a f t e r  the  c a t t l e  were put

-5 --Ê rs



ou t  t o  p a s tu r e .  The f o u r  randomly s e le c te d  herds were o n l y  

sampled a t  the  end o f  the  w i n t e r  hous ing  p e r i o d .  Dur ing  the 

second year o f  t h i s  s t u d y ,  b lood  samples were c o l l e c t e d  f rom 

a l l  the  housed a d u l t  c a t t l e  in  the  e i g h t  herds on two o c c a s io n s .

Blood was c o l l e c t e d  f rom the  caudal  v e in  u s in g  7 ml draw 

v a c u t a in e r s  w i t h  no a d d i t i v e  (Becton,  D ic k in s o n  and Co . ,

C la r k s o n ,  O n t a r i o ) .  The samples were kep t  a t  4^C o v e r n i g h t  

. and,  a f t e r  they  had been spun a t  1300 g f o r  30 m in u te s ,  the  serum

was taken o f f  and s to r e d  a t  “ 20^C- u n t i l  r e q u i r e d .

(3) P r e p a r a t i o n  o f  H i c r o p o l y spora fa e n i  a n t i g e n s  f o r  doub le  d i f f u s i o n
t e s t s

Each serum was t e s t e d  a g a i n s t  two a n t i g e n  p r e p a r a t i o n s  o f  

H . fa e n i  , s t r a i n  IMI 134062 o b ta in e d  f rom the  Commonwealth 

M y c o lo g i c a l  I n s t i t u t e ,  Kew. The a n t i g e n s  were d e r i v e d  f rom 

c u l t u r e s  grown on e i t h e r  n u t r i e n t  agar o r  Czapek Dox agar a t  

55°C f o r  seven t o  ten  days .  The c u l t u r e  p l a te s  were f r o z e n  and 

thawed t h r e e  t im e s ,  th e  l i q u i d  d ra in e d  o f f  and S e i t z  f i l t e r e d ,  

d i a l y s e d  a g a i n s t  ru n n in g  tap  w a te r  f o r  36 hours and m î l l î p o r e  

f i l t e r e d  (pore  s i z e  = 0.45yOm).  The f i l t r a t e  was used 

u nc o n c e n t ra ted  f o r  the  doub le  d i f f u s i o n  t e s t s .

(4) Double d i f f u s i o n  t es t  p r o c e d u re

Double d i f f u s i o n  was c a r r i e d  ou t  in  1.3 per  cent  Oxoid I on 

agar No. 2 p repared  w i t h  M a c !1 va I n ' s  c i t r i c  a c id  b u f f e r  (pH = 7.2 )  

The p a t t e r n  used was a c e n t r a l  a n t i g e n  w e l l  4 mm in d ia m e te r  and 

f i v e  p e r i p h e r a l  serum w e l l s  6 mm in d ia m e te r ;  the  d i s t a n c e  edge 

t o  edge between th e  c e n t r a l  and p e r i p h e r a l  w e l l s  was 5 mm. The 

p l a t e s ,  wh ich  were kep t  in  a humid chamber a t  24°C were examined 

d a i l y  and ,  when the  f i n a l  re a d ing  was made a f t e r  f i v e  days,  the  

number and i n t e n s i t y  o f  the  l i n e s  were n o te d .

The d e t a i l e d  r e s u l t s  o f  the  e xam ina t io n  o f  the serum samples 

f rom the  i n d i v i d u a l  a n im a ls  in  each o f  the herds f o r  p r e c i p i t a t 

ing a n t i b o d i e s  t o  Hu f aenI  a re  g ive n  in Append ix  2.
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R E S U L T S

The r e s u l t s  o f  the  e xam ina t io n  f o r  p r e c i p i t a t i n g  a n t i b o d i e s  

t o  M. fa e n i  in  13 herds a re  g iven  in Table  30, At. the  f i r s t  t e s t ,

33 per  cen t  o f  the  t o t a l  number o f  c a t t l e  sampled had p r e c i p i t i n s ,  the  

p re va len ce  in the  i n d i v i d u a l  herds ran g ing  f rom 3 per cent  in  PSl to  

62 per cen t  in FL6. A t  the  second t e s t ,  4-7 per cen t  o f  the  c a t t l e  

had p r e c i p i t i n s  in t h e i r  sera and aga in  the  p re va le nce  v a r i e d  g r e a t l y ,  

ra n g in g  f rom 14 per cent  în PS2 to  78 per cent  in FL5. The inc rease  

in the  t o t a l  p re va le nce  o f  p r e c i p i t i n s  t h a t  had o cc u r re d  d u r in g  the  

w i n t e r  was ve ry  h i g h l y  s i g n i f i c a n t .  A l tho u gh  the  p r o p o r t i o n  o f  

a n im a ls  w i t h  p r e c i p i t i n s  inc reased  in n in e  herds ,  the  in c rease  was 

s t a t i s t i c a l l y  s i g n i f i c a n t  in o n l y  t h r e e  (F L l ,  PSl ,  PS3). There was 

a l s o  a smal l  decrease  in the  Inc idence  o f  p r e c i p i t i n s  in t h r e e  herds .

When the  herds were grouped a c c o r d in g  t o  the  reason f o r  t h e i r  

s e l e c t i o n  (Tab le  3 1 ) ,  th e  inc rease  in the  in c id en c e  o f  p r e c i p i t i n s  was 

h i g h l y  s i g n i f i c a n t  in  the  " f a r m e r ' s  l u n g "  herds but  was not  s i g n i f i c a n t  

in the  " p o s i t i v e  sample"  herds .  In the fou r  " random" herds wh ich  

were o n l y  sampled a t  the  end o f  w i n t e r  (Table 3 2 ) ,  the  p reva lence  o f  

p r e c i p i t i n s  ranged f rom 0 per cen t  in Rl t o  51 per cen t  in R2. In 

t o t a l ,  26 per cent  o f  the  c a t t l e  in  the  "random" herds were p r e c i p t i n  

p o s i t i v e  a t  the  second t e s t  compared w i t h  33 per cent  in the  " p o s i t i v e  

sample"  herds and 58 per cen t  In the  " f a r m e r ' s  lu n g "  herds .  The 

d i f f e r e n c e  in the  p re va le n ce  o f  p r e c i p i t i n s  a t  the  second t e s t  between 

the  " f a r m e r ' s  lu n g "  herds and the  " p o s i t i v e  sample"  herds was ve ry  

h i g h l y  s i g n i f i c a n t  whereas the  d i f f e r e n c e  between the  " p o s i t i v e  sample"  

and "random" herds was not  s i g n i f i c a n t .

S ince the  p o p u la t i o n  o f  i n d i v i d u a l  a n im a ls  w i t h i n  a herd can 

change over  a s i x  month p e r i o d ,  the  r e s u l t s  f rom those cows t h a t  were 

p o s i t i v e l y  I d e n t i f i e d  a t  both  t e s t s  have a l s o  been p resen ted  (Tab le  33) 

When the  change in  the  p r e c i p i t i n  s t a t u s  o f  i n d i v i d u a l  an ima ls  was 

c l o s e l y  examined,  40 per cen t  o f  the  c a t t l e  t h a t  had been p r e c i p i t i n -  

n e g a t i v e  a t  the  f i r s t  t e s t  were found to  be p r e c i p i t i n - p o s i t i v e  a t  the  

second t e s t .  Th is  in c re ase  in the  number o f  c a t t l e  w i t h  p r e c i p i t i n s  

was ve ry  h i g h l y  s i g n i f i c a n t .  W i t h i n  the  i n d i v i d u a l  h e rd s ,  the  number 

o f  p r e c i p i t i n - n e g a t i v e  c a t t l e  t h a t  became p r e c i p i t i n - p o s i t i v e  d u r in g  

the  w i n t e r  was ve ry  h i g h l y  s i g n i f i c a n t  in f o u r  (F L l ,  FL3, FL5, PS3) 

and s i g n i f i c a n t  in two (PSl ,  PS6). i t  was a l s o  d is c o v e re d  t h a t  20 

per  cen t  o f  the  an im a ls  t h a t  had been p r e c i p i t i n - p o s i t i v e  a t  the  f i r s t



T A B L E  3 0

The r e s u l t s  o f  the  e xam ina t io n  o f  sera f rom housed a d u l t  

c a t t l e  in s e le c te d  herds f o r  p r e c i p i t a t i n g  a n t i b o d i e s  t o  

M ic r o p o ly s p o r a  f a e n i .

F i r s t  Test Second Tes t

Herd

No.
An im a ls
Tested

No, 
An ima ls  
Pos i t i v e % +ve

No. No. 
An ima ls  An ima ls  
Tested P o s i t i v e 7o -tve

S i g n i f i c a n t
Change

FLl 35 3 9 34 26 76 VMS

FL2 39 10 26 38 11 29 -

FL3 88 26 30 82 41 50 “

FL4 30 13 43 32 13 41 -

FL5 80 41 51 79 62 78 -

FL6 76 47 62 75 45 60 -

PSl 32 1 3 33 10 30 S

PS2 39 5 13 43 6 14

PS3 98 17 17 93 31 34 s
PS4 33 13 39 32 8 25 -

PS5 19 9 47 15 8 53 -

PS6 26 13 50 26 18 69 “

Tota 1 595 198 33 582 279 47 VMS

FL7* 63 0 0 59 1 2 -

Only s i  1 age fed

1 1  J
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T A B L E  32

The r e s u l t s  o f  the  e xam in a t io n  o f  sera f rom housed a d u l t  

c a t t l e  in  herds s e le c te d  a t  random f o r  p r e c i p i t a t i n g  a n t i b o d i e s  to  

M i c ro p o ly s p o ra  faen Î .

Second Test

Herd Roughage
No. An ima ls  

Tested
No. An ima ls  

Pos11 Î ye % +ve

Rl Good hay 75 0 0

R2 Poor hay 51 26 51

R3 V a r i a b l e  hay 71 18 25

R4 Poor hay and s i l a g e  52 20 38

Tota 1 249 64 26

117
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t e s t  were p r e c î p i t Î n - n e g a t Î ve a t  the  second.  However, t h i s  decrease 

in the  Inc ide nce  o f  p r e c i p i t i n s  and t h a t  wh ich  o cc u r re d  in the 

i n d i v i d u a l  herds were not  s t a t i s t i c a l l y  s i g n i f i c a n t .

When the  p o s i t i v e l y  i d e n t i f i e d  c a t t l e  were grouped a c c o r d in g  

t o  the  reason f o r  t h e i r  s e l e c t i o n  (Table 34 ) ,  i t  was found t h a t  the  

p reva lence  o f  p r e c i p i t i n s  had inc reased  s i g n i f i c a n t l y  f rom the  f i r s t  

t o  the  second t e s t  In both  the  " f a r m e r ' s  l u n g "  and the " p o s i t i v e  

sample"  herds .  In a d d i t i o n  t o  t h e re  being  a ve ry  h i g h l y  s i g n i f i c a n t  

in c rease  in the  number o f  p r e c i p i t i n - n e g a t i v e  c a t t l e  t h a t  developed 

p r e c i p i t i n s  d u r i n g  the  w i n t e r  in  both  groups o f  a n im a ls ,  s i g n i f i c a n t l y  

more " f a r m e r ' s  lu n g "  c a t t l e  developed p r e c i p i t i n s  than d id  " p o s i t i v e  

sample"  a n im a ls .  Only 15 per cen t  o f  the  p r e c i p i t i n - p o s i t i v e  c a t t l e  

in  the  " f a r m e r ' s  l u n g "  herds became p r e c i p i t i n - n e g a t i v e  d u r in g  the  

w i n t e r  compared w i t h  26 per cen t  in the  " p o s i t i v e  sample" he rds .  

N e i t h e r  o f  these changes ach ieved  s t a t i s t i c a l  s i g n i f i c a n c e .

A t  the  f i r s t  t e s t ,  t h e r e  was a s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n  ( r  = +0 .98 )  between age and the  percen tage  o f  c a t t l e  w i t h  

p r e c i p i t i n s  (Tab le 35: F ig u re  5 ) .  Th is  c o r r e l a t i o n  was s i g n i f i c a n t

in both the  " f a r m e r ' s  l u n g "  herds ( r  "  +0 .95)  and the  " p o s i t i v e  

sample"  herds ( r  -  +0 .81 )  (Tab le  36 ) .  However, t h e r e  was no 

s i g n i f i c a n t  c o r r e l a t i o n  between age and the  t o t a l  number o f  an im a ls  

t h a t  developed p r e c i p i t i n s  d u r i n g  the  w i n t e r  nor  between age. and the 

numbers t h a t  became p r e c i p i t i n - p o s i t i v e  In e i t h e r  the  " f a r m e r ' s  lu n g "  

herds o r  the  " p o s i t i v e  sample"  he rds .  The o n l y  marked d i f f e r e n c e  

between the  " f a r m e r ' s  lu n g "  and the  " p o s i t i v e  sample"  herds was In 

the  t w o - t h r e e  year  o l d  age group  in wh ich  82 per cen t  came f rom 

" f a r m e r ' s  l u n g "  herds compared w i t h  61 per cen t  f rom f o u r - f i v e  year  

o l d ,  59 per  cent  f rom s ix - s e v e n  year  o l d  and 60 per cen t  in the  e i g h t  

year o l d  and above group.  Of the  t o t a l  number o f  an ima ls  t h a t  

gained p r e c i p i t i n s ,  41 per cen t  were le ss  than s i x  years  o ld  compared 

w i t h  40 per cent  more than s i x  years  o f  age.

Too few a n im a ls  became p r e c i p i t i n - n e g a t i v e  d u r i n g  the  

w i n t e r  f o r  mean ing fu l  c o n c lu s io n s  t o  be drawn. Of the  an im a ls  t h a t  

d i d  become p r e c i p i t i n - n e g a t i v e ,  17 per cent  were less  than s i x  years  

o l d  and 24 per cen t  were more than s i x  years  o f  age.  F i f t y  per 

cen t  came f rom " f a r m e r ' s  l u n g "  herds and f i f t y  per cent  f rom " p o s i t i v e  

sample" herds .
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T A B L E  3 5

The r e l a t i o n s h i p  between age and the p re va le nce  o f  

p r e c i p i t a t i n g  a n t i b o d i e s  t o  M ic r o p o ly s p o r a  fa e n i  in h a y - fe d  c a t t l e  a t  

the  f i r s t  t e s t .

Age (Years)
No,

An im a ls  Tested
No.

An ima ls  P o s i t i v e 7o +ve

2-3 (2 .5 )  " 127 29 23

4 -5  (4 .5)  * 189 56 30

6-7  (6 . 5) * 142 56 39

8 and abpve
( 1 0 . 5 ) " 104 49 47

To ta  1 562 190

Ages used in  c a l c u l a t i n g  c o e f f i c i e n t  o f  c o r r e l a t i o n

r  = +0 . 98 . y -  16,66 + 3 .0 1 X

where x = age o f  an im a ls

y "  number (%) o f  a n im a l s .
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T A B L E  3 6

The r e l a t i o n s h i p  between age and the  p reva len ce  o f  

p r e c i p i t a t i n g  a n t i b o d i e s  t o  MÎ c ro p o ly s p o ra  fae n i  a t  the  f i r s t  and 

second t e s t s  in p o s i t i v e l y  i d e n t i f i e d  h ay - fe d  c a t t l e  grouped a c c o r d in g  

t o  the  reason f o r  the  s e l e c t i o n  o f  the  herd .

P r e c i p i t i n  S ta tus Age o f  C a t t l e  (Years)

Reason f o r  
S e le c t  ion

F i r s t  Second 
Tes t  Tes t 2-3 (%) 4-5 (%) 6 -7 (%)

8 and 
above (%) T o ta l

" F a r m e r ' s "f 4* 7 20 8 9 44

Lung" + 2 2 3 1 8

Herds T o ta l  P o s i t i v e  
a t  F i r s t  Test 9 (15) 22 (33) 11 (33) 10 (50) 52

«  — 27 16 9 4 56

- 4" 23 (46) 28 (64) 13 (59) 6 (60) 70

T o ta l  Number Tested 59 66 33 20 178

"Pos i t i v e + + 3 15 3 8 29

Sampi e" + 2 3 3 2 10

Herds T o ta l  P o s i t i v e  
a t  F i r s t  Tes t 5 (18) 18 (22) 6 (17) 10 (33) 39

18 47 20 16 101
+ 5 (22) 18 (28) 9 (31) 4 (20) 36

T o ta l  Number Tested 28 83 35 30 176

T o ta l  Number 
Gained Preci pi t i n s 28 (38) 46 (42) 22 (43) 10 (33) 106

T o ta l  Number 
' ' L o s t "  P r e c i p i t i n s 4 (29) 5 (13) 6 (35) 3 (15) 18

Ages used in c a l c u l a t i n g  c o e f f i c i e n t s  o f  c o r r e l a t i o n  were 

2 .5  y e a r s ,  4 .5  y e a r s ,  6 .5  years  and 10.5 y e a r s .



T A B L E  3 6  ( C o n t ' d . )

(1) C o r r e l a t i o n  between age and number o f  c a t t l e  w i t h

p r e c i p i t i n s  a t  the  f i r s t  t e s t  in the  " f a r m e r ' s  lu n g "  

h e r d s .

r -  + 0 .9 5 .  y = 8 .84  + 3-99x (HS)

(2)  C o r r e l a t i o n  between age and number o f  c a t t l e  w i t h

p r e c i p i t i n s  a t  the  f i r s t  t e s t  in the  " p o s i t i v e  sample"  

herds .

r -  + 0 . 8 1 . y = 1 2 , 0 4  + 1 . ?4x (S)

(3) C o r r e l a t i o n  between age and the  t o t a l  number o f  p r e c i p i t i n -

n e g a t i v e  c a t t l e  a t  the  f i r s t  t e s t  t h a t  were p r e c i p i t i n -  

p o s i t i v e  a t  the  second t e s t .

r  — “ O .5 6 . y — 43 .46  -  0 .?4x

(4) C o r r e l a t i o n  between age and the  number o f  p r e c i p i t i n -

n e g a t i v e  c a t t l e  a t  the  f i r s t  t e s t  in the  " f a r m e r ' s  l u n g "  

herds t h a t  were p r e c i p i t i n - p o s i t i v e  a t  th e  second t e s t .

r -  +0 . 53 . y = 49 .96  + 1 .21X

(5) C o r r e l a t i o n  between age and the  number o f  p r e c i p i t i n -

n e g a t i v e  c a t t l e  a t  the  f i r s t  t e s t  in the  " p o s i t i v e  sample"  

herds t h a t  were p r e c i p i t i n - p o s i t i v e  a t  the  second t e s t .

r = - 0 . 26 . y = 27 .56  -  0 . 3 9 X .

where x -  age o f  an ima ls

y = number (%) o f  a n im a ls .

1 2 4



Not one animal  w i t h  c l i n i c a l  r e s p i r a t o r y  d isease  was 

r e f e r r e d  f rom any o f  these  farms d u r in g  the  f i r s t  w i n t e r  o f  th e  s e r o 

l o g i c a l  su rvey (1970-71)-  However, in herd FL3 a f i v e  year o l d  cow 

(No. 53) deve loped a c u te  r e s p i r a t o r y  d i s t r e s s  and was c u l l e d  w i t h o u t  

a d ia g n o s is  hav ing  been made. D esp i te  the  marked inc rease  in the  

p re va len ce  o f  p r e c i p i t i n s  t h a t  had developed th ro u g h o u t  the  w i n t e r ,  

r e g u la r  cough ing was the  o n l y  c l i n i c a l  ev idence  t h a t  the  an im a ls  in 

herds FLl and PSl c o u ld  have been s u f f e r i n g  f rom a r e s p i r a t o r y  d i s o r d e r .  

None o f  the  fa rmers  compla ined about  the  genera l  h e a l t h  o r  m i l k  

p ro d u c t i o n  o f  t h e i r  cows.

A t  the  second t e s t ,  the  number o f  coughs was recorded over 

a ten m inu te  p e r io d  and q u a n t i f i e d  per u n i t  o f  50 cows (Table 3 7 ) .

There was a ve ry  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  in the  p reva le nce  o f  

p r e c i p i t i n s  between the  + group compared w i t h  the  ++ group and a 

h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  In the  p reva lence  o f  p r e c i p i t i n s  between 

the  ++ group and the  +++ g roup .  From F ig u re  6, I t  Is obv ious  t h a t  

t h e r e  was a c lo s e  c o r r e l a t i o n  between the  f requency  o f  cough ing and the  

mean number o f  cows w i t h  p r e c i p i t i n s  in each g roup .

The d e t a i l s  o f  the  hay-mak ing ,  the  f a r m e r ' s  assessment o f  

the  d u s t i n e s s  and q u a l i t y  o f  the  t o t a l  c rop  to g e th e r  w i t h  the d a i l y  

amounts fed per cow a re  se t  ou t  in Tab le  38. Hay had been made fmom 

permanent g rass  (more than s i x  years  o ld )  on 11 fa rms ,  f rom tempora ry  

le y s  ( le ss  than s i x  years  o ld )  on two farms and f rom both  types o f  

g rass  on the  o th e r  t h r e e  fa rms .  The grass had u s u a l l y  been c u t  d u r in g  

J u l y  or  a t  the  b e g in n in g  o f  August  a l t h o u g h ,  on farm PS4 in 1970, the  

hay had been made in June. On every  farm i t  was a t tem p ted  to  cu re  the- 

hay in the  f i e l d  and ,  a f t e r  a v a r i a b l e  amount o f  mechanical  h a n d l i n g ,  

i t  was ba led us in g  a p i c k - u p  b a l e r .  A l th o u g h  every  e f f o r t  was made 

t o  s t o r e  the  c ro p  i n s i d e  as soon as p o s s i b le  a f t e r  b a l i n g ,  f rom 50 to  

90 per cen t  o f  the  ba les  were sa id  to  have been soaked by r a i n  on 

each o f  the  farms.

The t i e d  c a t t l e  a te  t h e i r  hay o f f  t roughs  on the  ground w h i l e  

the  70 loose-housed cows in herd PS3 a te  f rom h a y - r a c k s .  Hay was 

g iven  t o  the  d a i r y  cows a f t e r  m i l k i n g  excep t  on farm PS 1 where i t  was 

g iven  be fo rehand.

The d a i l y  hay r a t i o n  was i n v a r i a b l y  expressed as the  number 

o f  ba les  per group  o f  c a t t l e .  T h e r e f o r e ,  in o rd e r  t o  compare the



T A B LE 3 7

The r e l a t i o n s h i p  between the  f requency  o f  coughing  a t  the  

second t e s t  and the  p reva le nce  o f  p r e c i p i t a t i n g  a n t i b o d i e s  to  

M ic r o p o ly s p o r a  f a e n i .

Number o f  Animals Conf i rmed
Frequency o f  

Cough i ng
Farm er 's  Lung 

in C a t t l eHerd Tested P o s i t i v e  % +ve

PS 2 43 6 14 Yes

+ PS3 93 31 34 Yes

Rl 75 0 0 No

R3 71 18 25 No

FLl 34 26 76 No

FL2 38 11 29 No

FL3 82 41 50 No

++ PSl 33 10 30 Yes

PS4 32 8 25 Yes

PS5 15 8 53 Yes

R2 51 26 51 Yes

R4 52 20 38 No

FL4 32 13 41 No

"î“ }-+ FL5 79 62 78 Yes

FL6 75 45 60 Yes

PS6 26 18 69 Yes

Frequency o f
T o ta l  Numbers o f  Animals

S i g n i f i c a n t
Cough Î ng Tested Pos i t i v e % +ve D i f f e r e n c e

+ 282 55 20 ) VHS
++ 337 150 45 )  ̂ HS
H-++ 212 138 65 )

0-5  coughs in 10 minu tes  per  50 cows.
++ " 6"10 coughs in 10 minu tes  per 50 cows.

-+ — 11 or  more coughs in 10 minu tes per 50 cows.
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The r e l a t i o n s h i p  between the f requency  o f  

coughing  in  the  i n d i v i d u a l  herds a t  the  end o f  the  

w i n t e r  hous ing p e r io d  and the  p reva lence  o f  
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d a i l y  amounts g iven  t o  the  i n d i v i d u a l  an ima ls  on the  v a r io u s  fa rms ,  

i t  was f i r s t  necessary  t o  f i n d  ou t  the  average w e ig h t  o f  a ba le  o f  h a y . 

The mean w e ig h t  o f  100 u n s e le c te d  bales  taken f rom the  Glasgow 

V e t e r i n a r y  School hay shed was found t o  be 37 - 6 1b (Tab le  39) and so 

the  d a i l y  hay r a t i o n s  per cow were c a l c u l a t e d  assuming t h a t  eve ry  ba le  

on each farm weighed 37 l b .  The s m a l le s t  amounts were fed t o  the  

a n im a ls  in herds FL3 (7 l b ) ,  PS4 (5 lb )  and R4 (5 l b )  because s i l a g e  

was a l s o  made on these  fa rms.  The l a r g e s t  amounts were fed t o  herds 

FL5 (19 l b ) ,  wh ich  was a d a i r y  he rd ,  and to  PS2 (19 l b ) ,  PS3 (22 lb )  

and PS5 (28 1b) wh ich  were a l l  bee f  he rds .  On average ,  beef  c a t t l e  

(23 l b )  were o f f e r e d  about  tw ic e  as much hay as d a i r y  c a t t l e  (11 l b ) .

Since f a r m e r ' s  lung Is a s s o c ia te d  w i t h  the  fee d in g  o f  mouldy 

hay, 42 mouldy bales  were a l s o  weighed and t h e i r  mean w e ig h t  was found 

to  be 42 -  5 1b (Tab le  3 9 ) .  Mouldy hay had been fed  on f i v e  o f  the 

s i x  farms where the  fa rmer  was known t o  have f a r m e r ' s  lung d isease  and 

on f i v e  o f  the  n in e  farms where c l i n i c a l  f a r m e r ' s  lung had been con 

f i rm e d  in the  c a t t l e  (Tab le  37) .

A f t e r  the  owner o f  herd FL7 (Table 30) c o n t r a c te d  f a r m e r ' s  

lu n g ,  he fed  o n l y  s i l a g e  t o  the m i l k i n g  cows. However, a few ac res  

o f  hay were s t i l l  made and g iven  to  th e  h e i f e r s  and a few " d r y "  cows 

wh ich  were housed t o g e t h e r  in a small  byre some d i s t a n c e  f rom the main 

animal  accommodat ion.  P r e c i p i t i n s  were not  d e te c te d  in any o f  the  

cows a t  the  f i r s t  t e s t  bu t  by the  end o f  the w i n t e r ,  one cow had become 

p r e c i p i t i n - p o s i t i v e  a l t h o u g h  she had never been fed  hay.  N o n e th e le s s ,  

as a m i l k i n g  cow, she had been g iven  r o l l e d ,  w e t - s t o r e d  b a r l e y  tw ic e  

per day e ve ry  day d u r i n g  the  w i n t e r  housing p e r io d .

The r e s u l t s  o f  the  s e r o l o g i c a l  exa m ina t io ns  a t  the  be g in n ing  

and a t  the  end o f  t h e  1971 g r a z in g  season a re  p resen ted  in Tab le  40.

The decrease in the  t o t a l  number o f  c a t t l e  w i t h  p r e c i p i t i n s  f rom 53 per 

cen t  in  the  s p r i n g  to  29 per cen t  in the autumn was v e ry  h i g h l y  

s i g n i f i c a n t .  The f a l l s  in the  in c id e n c e  o f  p r e c i p i t i n s  in the 

" f a r m e r ' s  lu n g "  herds and in  the  o th e r  herds co n s ide re d  as one group 

were a l s o  ve ry  h i g h l y  s i g n i f i c a n t .  in f i v e  o f  the  e i g h t  herds 

examined,  decreases o f  v a r y i n g  s t a t i s t i c a l  s i g n i f i c a n c e  occu r re d  in the 

in c id en ce  o f  p r e c i p i t i n s .

R e s u l t s  f rom the  a n im a ls  t h a t  were p o s i t i v e l y  i d e n t i f i e d  a re  

g iven  in Tab le  41.  S ince the  numbers were much s m a l l e r ,  fewer o f  the

28
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! I gh t  
: ib )

The w e ig h ts o f  100 unsel ec ted  and 42 mouldy ba les o f  h4

Ba 1 es 

Mou 1 <

Number o f Ba 1 es
We 1ght  

( l b )

Number o f

Unse lec ted Mouldy U nse lec ted

23 1 , 41 4 2

24 1 - 42 1 6

25 1 - 43 4 4

26 “ 44 4 6

27 1 - 45 2

28 " 1 46 - 3

29 2 - 47 1 1

30 1 - 48 1 1

31 1 49 - 1

32 6 3 - ~

33 3 - 51 - 1

34 6 1 52 -

35 14 53 “ -

36 14 - 54 2 1

37 6 1 55 - "

38 11 2 56 " -

39 2 4 57 1 -

40 11 2 58 -

59 - -

6o — -

61 1

Type o f  Bale Number Mean Weight  ( l b )  SJD. S.E.

Unse lec ted  100 37.42 5.91 0 .59

Mouldy 42 41 .76  5 .16  0 .80
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The r e s u l t s  o f  the  e x a m in a t io n  o f  sera f rom a d u l t  c a t t l e  in  

s e le c te d  herds f o r  p r e c i p i t a t i n g  a n t i b o d i e s  t o  M ic r o p o ly s p o r a  faen i  

a t  the  b e g in n in g  and a t  the  end o f  the 1971 summer g ra z in g  season.

Spr in g  1971 Autumn 1971

Herd

No.
An ima ls
Tested

No.
A nI ma 1s 

P o s I t 1ve % +ve

No,
An ima ls
Tested

No. 
An imals  

Pos i t i v e % +ve
S i g n i f i c a n t  

Change

FLl 34 26 76 37 12 32 S

FL3 82 41 50 82 7 9 VHS

FL5 79 62 78 Bo 61 76 "

. FL8 54 45 83 59 26 44 S

PSl 33 10 30 34 9 26 -

PS 6 26 18 69 27 3 11 HS

Rl 75 0 0 76 0 0 *"

R2 51 26 51 48 9 19 S

To ta  1 434 228 53 443 127 29 VHS

"Fa rmer 
Lung" 
Herds

' s
249 174 70 258 106 41 VHS

Other
Herds 185 54 29 185 21 11 VHS

FL7* 59 1 2 66 0 0 -

Only s i l a g e  fed .
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t o t a l  changes în in c id e n c e  ach ieved  s t a t i s t i c a l  s i g n i f i c a n c e .

A l th o u g h  a number o f  p r e c i p i t i n - p o s i t i v e  cows in eve ry  herd excep t  Rl 

became p r e c i p i t i n - n e g a t i v e  d u r i n g  the  summer, the  change was 

s i g n i f i c a n t  o n l y  in  FL3 and PS6. T h e r e f o r e ,  i t  was s u r p r i s i n g  to  

f i n d  t h a t  a h i g h l y  s i g n i f i c a n t  number o f  p r e c i p i n - n e g a t i v e  c a t t l e  

in  herd FL5 had become p r e c i p i t i n - p o s i t i v e  d u r in g  the  same p e r io d .

The an im a ls  t h a t  became p r e c i p i t i n - n e g a t i v e  d u r in g  the  

g r a z in g  season have been grouped a c c o r d in g  t o  t h e i r  age in Tab le  42,  

A l t h o u g h  i t  was m a in ly  c a t t l e  le ss  than s i x  years o ld  t h a t  " l o s t "  t h e i r  

p r e c i p i t i n s  (57%), the  c o r r e l a t i o n  w i t h  age d id  n o t  q u i t e  a ch ieve  

s t a t i s t i c a l  s i g n i f i c a n c e  ( r  -  - 0 , 7 9 ) .

The r e s u l t s  o f  the  s e r o l o g i c a l  e xam ina t io ns  f rom the  herds 

sampled a t  the  b e g in n in g  and a t  the  end o f  the  second w i n t e r  i ious Î ng 

p e r io d  (1971“ 72) a re  p resen ted  in Tab le  43.  A s t a t i s t i c a l l y  

s i g n i f i c a n t  inc rease  in the  p re va len ce  o f  p r e c i p i t i n s  d id  no t  occur 

in any o f  the  groups s t u d ie d  nor in  any o f  the  e i g h t  I n d i v i d u a l  he rds ,  

a l t h o u g h  an inc rease  was recorded  in  f i v e  o f  them. A s i g n i f i c a n t  

number o f  p o s i t i v e l y  i d e n t i f i e d ,  p r e c i p i t i n - n e g a t i v e  an im a ls  became 

p r e c i p i t i n - p o s i t i v e  in herds F L l ,  FL3 and FL8 (Tab le 4 4 ) .  The t o t a l  

number o f  p r e c i p i t i n - n e g a t i v e  c a t t l e  t h a t  developed p r e c i p i t i n s  was 

a l s o  s i g n i f i c a n t  as was the  change in the  " f a r m e r ' s  l u n g "  herds and the  

o th e r  herds grouped s e p a r a t e l y .

A l th o u g h  no t  one case o f  a cu te  r e s p i r a t o r y  d isease  was 

r e f e r r e d  f rom any o f  these  farms d u r i n g  the  second w i n t e r ,  se vera l  cows 

in  a few herds were n o t i c e d  t o  be hype rpnoe ic  a n d / o r  cough ing w h i l e  

t h e y  were be ing  b lood  sampled. S i x  o f  these an im a ls  were l a t e r  

purchased and they have a l r e a d y  been d iscussed  as p a r t  o f  the  c h r o n i c  

f a r m e r ' s  lung group (Chapter  2,  S e c t io n  I I ) .  The fa rmers  were 

unanimous t h a t  the  hay was o f  much b e t t e r  q u a l i t y  and f a r  less  dus ty  

than i t  had been d u r i n g  the  f i r s t  year o f  t h i s  i n v e s t i g a t i o n .  However,  

t h e  f requ ency  o f  cough ing  in the  i n d i v i d u a l  herds was no t  reco rded  a t  

the  end o f  the  second w i n t e r  hous in g  p e r io d .

D e t a i l s  co n c e rn in g  the  r a i n f a l l  on the  i n d i v i d u a l  farms is  

c o n ta in e d  in Append ix  2 as f o l l o w s :  the  mon th ly  r a i n f a l l  d u r i n g  June,

J u l y  and A ugu s t ,  1970 (Tab le  1 ) ,  the  month ly  r a i n f a l l  d u r i n g  June, J u l y  

and A ugus t ,  1971 (Tab le  2 ) ,  the  lo n g - t e r m  (1941-70) average mon th ly  

r a i n f a l l  d u r i n g  June, J u l y  and August  (Table 3 ) ,  the  t o t a l  number o f  

r a in da y s  in June, J u l y  and A ug us t ,  1970 (Table  4) and the  t o t a l  number

n  «y
a
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The r e l a t i o n s h i p  between age and the  number o f  p r e c i p i t i n -  

p o s i t i v e  c a t t l e  t h a t  became s e r o - n e g a t i v e  f o r  p r e c i p i t a t i n g  a n t i b o d i e s  

t o  H i c r o p o l y s p o r a  fa e n i  d u r i n g  the  1971 summer g r a z in g  season.

No. An im a ls  No. An im a ls  No. An ima ls  % " L o s t "
Age (Years) Tes ted  P o s i t i v e  " L o s t "  P r e c i p i t i n s  P r e c i p i t i n s

2-3 ( 2 . 5 ) "  41 15 7 47

4 -5  ( 4 . 5 ) *  88 57 34 6o

6 -7  ( 6 . 5 ) *  50 39 14 36

8 and above 
( 1 0 .5 ) " 15 15 4 27

Ages used in c a l c u l a t i n g  c o e f f i c i e n t  o f  c o r r e l a t i o n ,

r  = - 0 . 7 9 :  y = 62.21 -  3 . 29x

where x = age o f  animal

y “  number {%) o f  a n im a ls .
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T h e  r e s u l t s  o f  t h e  e x a m i n a t i o n  o f  s e r a  f r o m  h a y - f e d  a d u l t

c a t t l e  in s e le c te d  herds f o r  p r e c i p i t a t i n g  a n t i b o d i e s  to  

H i c r opo ly s p o ra  fa e n i  a t  the  b eg in n in g  and a t  the  end o f  the  1971-72 

w i n t e r  hous ing  p e r io d .

F i r s t  Test Second Tes t

Herd

No.
An ima ls
Tested

No. 
An ima ls  
Pos i t i v e % +ve

No.
An ima ls
Tested

No. 
An ima ls  
Pos i t i v e % +ve

S i g n i f i c a n t  
Change

FLl 37 12 32 32 21 66

FL3 82 7 9 52 6 12 -

FL5 80 61 76 63 48 76 -

FL8 59 26 44 44 33 75 -

PSl 34 9 26 32 2 6 -

PS6 27 3 11 25 3 25 -

Rl 76 0 0 72 0 0 -

R2 48 9 19 44 11 25 -

Tota 1 443 127 29 364 124 34 --

" F a r m e r ' 
Lung" 
Herds

' s
258 106 41 191 108 57 -

Other
Herds 185 21 11 173 16 9 -

FL7* 66 0 0 67 0 0 -

Only s i  1 age fed
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o f  ra in da ys  in June, J u l y  and A ug us t ,  1971 (Tab le 5 ) .

In 1970, June was a c o m p a r a t i v e l y  d ry  month on 65 per cen t  

o f  the  farms (Tab le  4 5 ) ,  J u l y  was w e t t e r  than average on 82 per cen t  

o f  the  farms and August  was p a r t i c u l a r l y  d ry on a l l  1/  fa rms.

In 1971 (Table 4 5 ) ,  the  r a i n f a l l  in June was le s s  than  average on a l l  

e i g h t  farms s t u d i e d ,  bu t  in  J u l y  and August  63 per cen t  and 88 per 

cen t  o f  the  farms r e s p e c t i v e l y  had a h ig h e r  than  average r a i n f a l l .

When the  f i g u r e s  f o r  June and J u l y  were added t o g e t h e r ,  59 per  cen t  o f  

the  farms had le ss  than the  average r a i n f a l l  in  1970 compared w i t h  88 

per cen t  In 1971.

No s i g n i f i c a n t  d i f f e r e n c e  was found in  1970 In the  mean 

m on th ly  r a i n f a l l  on the  farms on whicf i  s l i g h t l y  mouldy hay compared 

w i t h  m o dera te ly  mouldy hay had been nfâde (Tab le  4 6 ) .  in  1 971 ,  the  

hay made on a l l  e i g h t  farms was s l i g h t l y  mouldy and,  when the  1970 and 

1971 r e s u l t s  were combined,  i t  was found t h a t  t h e re  had been s i g n i f i 

c a n t l y  less  r a i n  in June and in  June and Ju ly  t o g e t h e r  on the  farms 

t h a t  had made s l i g h t l y  mouldy compared w i t h  m o d e ra te ly  mouldy hay 

(Tab le  4 7 ) .  On the  o th e r  hand,  August  was s i g n i f i c a n t l y  w e t t e r  on 

the  farms on wh ich s l i g h t l y  mouldy hay had been made.

There was v e ry  l i t t l e  d i f f e r e n c e  between the  mean number o f  

ra in d a y s  in 1970 on the  farms t h a t  had made s l i g h t l y  mouldy compared 

w i t h  m o d era te ly  mouldy hay (Table  4 8 ) .  When the  r e s u l t s  f o r  the  two 

years  were combined,  t h e r e  were s i g n i f i c a n t l y  more ra in da ys  in J u l y  and 

in  June and J u l y  t o g e t h e r  on the  farms on which  m o d era te ly  mouldy hay 

r a t h e r  than s l i g h t l y  mouldy hay had been made (Tab le 4 9 ) .  In June 

and in August  s l i g h t l y  mouldy hay would appear t o  have been made in 

w e t t e r  c o n d i t i o n s  than the  m o d e ra te ly  mouldy hay.

Since  mouldy hay was the  o n l y  ma jo r  source  o f  f a r m e r ' s  lung 

a n t i g e n s  on these fa rm s ,  the  a s s o c i a t i o n  between the  fe e d in g  o f  mouldy 

hay and the  development o f  p r e c i p i t a t i n g  a n t i b o d i e s  t o  M. fa e n i  was 

i n v e s t i g a t e d  (Tab le 5 0 ) .  A t  the  end o f  the  1970 w i n t e r  housing p e r i o d ,  

t h e r e  was a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  between the  p re va le nce  o f  

p r e c i p i t i n s  in c a t t l e  t h a t  had been fed s l i g h t l y  mouldy compared w i t h  

m ode ra te ly  mouldy hay.  The d i f f e r e n c e  was h i g h l y  s i g n i f i c a n t  when the  

1970 and 1971 r e s u l t s  were cons ide re d  t o g e t h e r .  There was no 

s i g n i f i c a n t  d i f f e r e n c e  between the  two types o f  hay in the  numbers o f  

p o s i t i v e l y  I d e n t i f i e d ,  p r e c i p i t i n - n e g a t i v e  c a t t l e  t h a t  developed 

p r e c i p i t i n s  d u r in g  the  1970 w i n t e r  (Table 5 1 ) -  However,  over  the

13?



T A B L E  4 5

The d i f f e r e n c e  between the  r a i n f a l l  d u r i n g  the  summer months 

o f  1970 and 1971 and the  mon th ly  l o n g - t e r m  average (1941-70).

1970 1971

ie r d June J u ly Aug. June 4- J u l y June J u ly Aug. June 4- J u l y

FLl - 23.9 +25.5 -24.7 + 1 .6 -2 8 .2 - 57.0 “ 44 .6 - 85.2

FL2 +23.0 +73.5 “ 39.1 +96 .5 - - -

FL3 -16.1 + 10.9 -2 8 .2 -  5.2 - 31 .9 + 16.7 +33 .7 + 15.2

FL4 -16.1 + 10.9 -2 8 .2 - 5.2 - - - -

FL5 - 1 7 .9 + 5.2 -4 0 .3 - 1 2 .7 - 8.5 + 16.6 +33.5 + 8.1

FL8 “ 34 .8 +24 ,8 -4 6 .2 -1 0 .0 -2 2 .7 “ 32.8 + 51.3 -5 5 .5

PSl -16.1 4-10.9 -2 8 .2 -  5.2 - 3 1 .9 + 16.7 +33 .4 -1 5 .2

PS2 4- 0 .4 +21 .0  - 25 .9 +.21 .4 - ” - -

PS3 + 0 .4 +21,0  - 25 .9 +2 1 .4 - - - -

PS4 + 0 .4 +2 1 .0  - 25 .9 -t-21 .4 - " - -

PS5 4- 0 .4 +21.0  - 25 .9 + 21 .4 - - - -

PS6 + 0 .4 +21.0  - 25 .9 +21 .4 - 13.5 “ 13.3 +58.2 - 2 6 .8

R1 - 5 .5 - 2 ,5  - 17.7 -  8 .0 - 34.0 + 25.7 + 10.4 -  8 .3

R2 -15.1 + 10.9 - 28.2 -  5 .2 -3 1 .9 + 16.7 + 33.4 “ I 5.2

R3 -  6 .0 -  6 .4  - 23.1 -1 2 .4 - - »

R4 -  8.1 - 15.3 - 1 9 .3 - 23 .4



T A B L E  4 6

The r e l a t i o n s h i p between the  month ly summer ra i n f a 11 in 1970

and the  mou ld iness  o f the h ay .

M o u ld 1 ness
o f  Hay Herd

T o ta l  Mon th ly  R a i n f a l l

June J u l y Aug. Jun e + Ju ly  J u l y  + Aug. June J u ly  4- A.

FL5 40 78 44 118 122 162

PSl 56 102 81 158 183 239

PS3 59 94 70 153 164 224

S I I g h t l y  PS4 59 94 70 153 164 224

Mouldy Rl 65 83 83 147 166 230

R3 61 84 80 145 160 221

Mean 57 89 71 146 160 217

S,D. 9 9 15 14 20 28

FLl 67 143 99 210 242 309
FL2 94 177 73 271 249 343

FL3 56 102 81 158 183 239

FL4 56 102 81 158 183 239
FL6 61 73 51 134 125 185

M o d e ra te ly  PL8 58 130 82 188 212 270

Mouldy PS2 59 94 70 153 164 224

PS5 59 94 70 153 164 224

PS6 59 94 70 153 164 224

R2 56 102 81 158 183 239
r4 71 79 91 150 169 240

Mean 63 108 77 171 185 249

S.D. 11 30 13 39 36 44

S i g n i f i c a n t  
D i f f e r e n c e - "■ - -

139



T A B L E  4 7

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  m o n t h l y  s u m m e r  r a i n f a l l  i n  1 9 7 0

a n d  1971 a n d  t h e  m o u l d i n e s s  o f  t h e  h a y .

M ou ld iness  
o f  Hay

Ra 1 n f a 11 (mm)

June J u l y A ug . June 4- Ju ly J u ly  4- Aug . June 4- J u l y  + Au,

SI i g h t l y  Mean 52 89 107 141 196 248

Mouldy S.D. 11 17 4o 15 45 42

M o d e ra te ly  Mean 63 108 77 171 185 249

Mouldy S.D. 11 30 13 39 36 44

S 1 g n 1f 1 cant
Di f f e r e n c e S S S



T A B L E  4 8

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  n u m b e r  o f  r a i n d a y s  i n  t h e

s u m m e r  o f  1 9 7 0  a n d  t h e  m o u l d i n e s s  o f  t h e  h a y .

Number o f  Raindays
Moul di  ness — -— ---------------------------------------------------------------------------------------------- -

o f  Hay Herd June J u ly  Aug.  June + J u l y  Ju ly  + Aug. June + J u l y  + A

PSl 12 23 11 34 34 46

PS3 9 20 11 29 31 4o

PS4 9 20 11 29 31 4o

Si i g h t l y  Rl 13 22 14 35 36 49

Mouldy R3 10 19 11 29 30 4o

Mean 10. 6 20.8 11 .6 31 .4 32 .4 43

S.D. 1 . 8 1 .6 1 .3 3.2 2 .5 4.,2

FLl 9 21 9 30 30 39

FL3 12 23 11 35 34 46

FL4 12 23 11 35 34 46

FL6 12 16 11 28 27 39

FL8 10 18 12 28 30 40

M o d e ra te ly  PS2 9 20 1 1 29 31 40

Mouldy PS5 9 20 11 29 31 40

PS6 9 20 1 1 29 31 40

R2 1 2 23 1 1 35 34 46

R4 1 1 24 12 35 36 47

Mean 10..5 20.8 1 1 .0 31.3 31 .8 42 .3

S.D, 1.4 2 .5 0 .8 3.2 2 .7 3,.4

S i g n i f i c a n t  
Di f f e r e n c e " - » - - -

Rainday is  a day when t h e r e  was more than 0 .25  mm 

(O.Ol inches)  r a i n .
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T h e  r e l a t i o n s h i p  b e t w e e n  t h e  n u m b e r  o f  r a i n d a y s  i n  t h e

s u m m e r s  o f  1 9 7 0  a n d  1 9 7 1  a n d  t h e  m o u l d i n e s s  o f  t h e  h a y .

Mou1di  ness 
o f  Hay

Number o f  Raindays

June Ju ly  Aug. June + J u l y  J u l y  + Aug. June -f J u l y  + Au,

Si 1g h t 1 y Mean 12.8 14.8 15.6 27.6  30 .4 43.2

Mouldy S.D. 2.3 5 .0 3 .5 3 .8  2.3 2 .7

M o d e ra te ly  Mean 10.5 20 .8 11 ,0 31.3  31.8 42 .3

Mouldy S.D. 1.4 2 .5 0 .8 3 .2  2 .7 3 .4

Sign i f i c a n t  
D i f f e r e n c e S HS VMS S -

1 1 2



TABLE 50

The r e l a t i o n s h i p  between the  p reva le nce  o f  p r e c i p i t a t i n g  

a n t i b o d i e s  t o  M ic r o p o ly s p o r a  fae n i  in  c a t t l e  a t  the  end o f  the  w i n t e r  

hous ing  p e r io d  and the  mou ld iness  o f  the  hay they  were fed .

• S l i g h t l y  Mouldy Hay M o d e ra te ly  Mouldy Hay

No, An im a ls  No. An ima ls No. An ima ls  No. An ima ls S i g n i f i c a n t
Herd Tested Pos i t l v e Herd Tested Pos1tv e Change

FL5 ' 79 62 FLl 34 26

PSl 33 10 FI. 2 38 11

PS3 93 31 FL3 82 41

PS4 32 8 FL4 32 13

Rl 75 0 FL6 75 45

R3 71 18 PS2 43 6

PS5 15 8

PS 6 26 18

R2 .51 26

R4 52 20

T o ta l  383 129 448 214

1970-71 383 129 448 214 HS

1971-72 364 124 0 0

T o ta l  747 253 448 214 HS

4 a m



TA B LE  51

The r e l a t i o n s h i p  between the  number o f  p r e c i p i t i n - n e g a t i v e  

c a t t l e  t h a t  developed p r e c i p i t a t i n g  a n t i b o d i e s  to  M i c r o p o l y spora fa e n i  

d u r i n g  the  v / i n te r  hous ing  p e r io d  and the  mou ld iness o f  the  hay they were 

f e d .

SI i g h t l y  Mouldy Hay M od era te ly  Mouldy' Hay

No. 
An ima ls  

Herd Tested

No. No. 
An ima ls  An ima ls  

N e g a t ive  Ga 1 ned

No. No. 
An ima ls  An ima ls  

Herd Tested Ne ga t ive

No.
An im a ls  S I g n i f i c a n t  

Gained Change

FL5 51 31 23 FLl 29 26 19

PSl 26 26 9 FL2 17. 13 3

PS3 82 66 16 FL3 57 43 22

PS4 15 9 1 FL4 24 13 3

PS2 20 17 1

PS5 15 8 2

PS6 22 12 7

T o ta l  174 132 49 184 132- 57

1970-71 174 132 49 184 132 57

1971-72 293 214 35 - - -

T o ta l  467 346 84 184 132 57 HS

1.44



two w i n t e r  hous ing  p e r i o d s ,  s i g n i f i c a n t l y  more p r e c i p i t i n - n e g a t i v e  

c a t t l e  developed p r e c i p i t i n s  when fed  m odera te ly  mouldy hay compared 

w i t h  s l i g h t l y  mouldy hay.

There was an a s s o c i a t i o n  between the  f requency  o f  cough ing  

a t  the  second t e s t  in  1970 and the  mou ld iness o f  the  hay fed (Tab le 

52) .  S l i g h t l y  mouldy hay had been fed  t o  75 per cent  o f  the  + cough ing 

he rds ,  t o  25 per cen t  o f  the  ++ coughing  herds and to  20 per cen t  o f  

the  herds in  wh ich t h e r e  was f r e q u e n t  cough ing  (■{-++). In th e  c a t t l e ,  

f a r m e r ' s  lung  fiad been co n f i rm e d  more o f t e n  in  the  cough ing herds tha t  

had been fed  m o d e ra te ly  mouldy hay in 1970-71.  Only one o f  the  

fa rm e rs  w i t h  con f i rm e d  f a r m e r ' s  lung  (Fl.5) had fed  s l i g h t l y  mouldy hay 

and h i s  cows were cough ing  f r e q u e n t l y .  In a d d i t i o n  t o  the  m o u ld ine ss ,  

the  amount o f  hay fed  m igh t  a l s o  have a f f e c t e d  the  development o f  

p r e c i p i t i n s  t o  M. f a e n i . A s i g n i f i c a n t  c o r r e l a t i o n  was n o t  e s t a b l i s h e d  

between the  amount o f  s l i g h t l y  mouldy or  m o d era te ly  mouldy hay fed 

and e i t h e r  the  i n c id e n c e  o f  p r e c i p i t i n s  a t  the  second t e s t  o r  the  

number o f  p o s i t i v e l y  i d e n t i f i e d ,  p r e c i p i t i n - n e g a t i v e  an ima ls  t h a t  

became p r e c i p i t i n - p o s i t i v e  d u r i n g  the  w i n t e r  hous ing  p e r io d  (Tab le 53 ) .

I t  has a l r e a d y  been e s t a b l i s h e d  t h a t  t h e r e  was a c lo s e  

a s s o c i a t i o n  between .the f re que ncy  o f  cough ing  a t  the  second t e s t  in 

1970-71 and the  p reva le nce  o f  p r e c i p i t i n s  (Tab le  3 7 ) .  A l t h o u g h  t h e r e  

was a s i g n i f i c a n t  d i f f e r e n c e  between the  + and 4-4- groups in the  number 

o f  p o s i t i v e l y  i d e n t i f i e d ,  p r e c i p i t i n - n e g a t i v e  an im a ls  t h a t  developed 

p r e c i p i t i n s  d u r in g  the  w i n t e r ,  the  d i f f e r e n c e  between the  -H - and the  

+ -H - groups was not  s i g n i f i c a n t  (Tab le  54) .

The p reva len ce  o f  p r e c i p i t i n s  in herds in  wh ich  f a r m e r ' s  lung 

had been con f i rm ed  in  the  c a t t l e  was s i g n i f i c a n t l y  g r e a t e r  a t  the  end 

o f  the  1970-71 w i n t e r  than the  p reva lence  in herds in wh ich f a r m e r ' s  

lung had not  been co n f i rm e d  (Tab le 55 ) .  However, s i g n i f i c a n t l y  le ss  

p o s i t i v e l y  i d e n t i f i e d ,  p r e c i p i t i n - n e g a t i v e  an ima ls  developed 

p r e c i p i t i n s  in the  herds in wh ich  f a r m e r ' s  lung had been c on f i rm e d  

than in the  o th e r  herds (Table  56) .

S i g n i f i c a n t  c o r r e l a t i o n s  were e s t a b l i s h e d  between th e  number 

o f  ra in d a y s  in J u ly  and in  June and J u ly  t o g e th e r  and the  number o f  

p r e c i p i t i n - n e g a t i v e  c a t t l e  t h a t  developed p r e c i p i t i n s  d u r in g  the  

w i n t e r s  o f  1970-71 and 1971-72 (Tab le  57 ) .  No s i g n i f i c a n t  c o r r e l a t i o n s  

were p resen t  between the  m on th ly  r a i n f a l l  and e i t h e r  the  i n c id e n c e  o f

145



T A B L E  5 2

The r e l a t i o n s h i p  between the  f requency  o f  cough ing and th i  

presence o f  co n f i rm e d  f a r m e r ' s  lung in  c a t t l e  d u r in g  the  w i n t e r  o f

1970-71 and the  mou ld iness  o f  the  hay they were fe d .

S I i g h t 1 y Mouldy Hay M o d era te ly  Mouldy Hay

Frequency 
o f  Coughing

Farm er 's  Lung Fa rm er 's  Lung 
Conf i rmed Not Conf i rmed

Farm er 's  Lung 
Conf i rmed

Farm er 's  Lung 
Not Conf i rmed

+ PS3 Rl 

R3

PS2

++ PSl PS5 FLl

PS4 R2 FL2

FL3

R4

FL5 FL6 

FL8 

PS 6

FL4

-« ft
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T A B L E  5 4

The r e l a t i o n s h i p  between the  f requency  o f  cough ing a t  the  

second t e s t  and the  number o f  p r e c i p i t i n - n e g a t i v e  an im a ls  t h a t  

developed p r e c i p i t a t i n g  a n t i b o d i e s  to  M ic rp p o ly s p o ra  fa e n i  d u r i n g  the  

w i n t e r  hous ing  p e r io d  o f  1970-71.

F requericy 
o f  Coughing

Number o f  An ima ls

Herd • Tested N eg a t ive  Developed P r e c i p i t i n s

+ PS2 20 17 1

PS 3 82 66 16

FLl 29 26 19

FL2 17 13 3

++ FL3 57 43 22

PSl 26 26 9

PS4 15 9 1

PS5 15 8 2

FL4 24 13 3

4-++ FL5 51 31 23

PS6 22 12 7

S i g n i f i c a n t  
T o t a l s  Change No. Tested No. Neg a t ive  No. Developed

4- S ( 102 83 17
++ ( ( 159 125 56

++ + ( 97 56 33



T A B L E  5 5

The r e l a t i o n s h i p  between the  presence o f  c on f i rm e d  f a r m e r ' s  

Tung in c a t t l e  and the  p reva len ce  o f  p r e c i p i t a t i n g  a n t i b o d i e s  t o  

M ic r o p o ly s p o r a  f a e n i a t  the  second t e s t  n 1970-71°

Fa rm e r 's  Lung Conf i rmed Fa rm e r 's  Lung not  Conf i rmed

No. An im a ls  No. An im a ls  No. An ima ls  No. An ima ls  S i g n i f i c a n t
Herd Tested P o s i t i v e  Herd Tested P o s i t i v e  Change

FL5 79 62 FLl 34 26

FL6 75 45 FL2 38 11

PSl 33 10 FL3 82 41

PS2 43 6 FL4 32 13

PS3 93 31 Rl 75 0

PS4 32 8 R3 71 18

PS5 15 8 R4 52 20

PS6 26 18

R2 51 26

T o ta l  447 214 384 129 HS

1 5



T A B L E  5 6

The r e l a t i o n s h i p  between the  presence o f  co n f i rm ed  f a r m e r ' s  

lung  in c a t t l e  and the  number o f  an im a ls  t h a t  deve loped  p r e c i p i t a t i n g  

a n t i b o d i e s  to  M i c r o p o l y s pora fa e n i  d u r i n g  the  w i n t e r  hous ing  p e r io d  

(1970 -71 ) .

Fa rm e r 's  Lung Conf i rmed Fa rm e r 's  Lung not  Conf i rmed

No. An ima ls  No, An im a ls
No, An ima ls  Developed No, An imals  Developed S i g n i f i c a n t

Herd N e ga t ive  P r e c i p i t i n s  Herd N e ga t ive  P r e c i p i t i n s  Change

FL5 31 23 FLl 26 19

PSl 26 9 FL2 13 13
PS2 17 1 FL3 43 22

PS3 66 16 FL4 13 3

PS4 9 1

PS5 8 2

PS6 12 7

T o ta l 169 59 95 57



T A B L E  5 7

The r e l a t i o n s h i p  between the  number o f  r a in d a y s  per month 

and the  p re va le n ce  o f  p r e c i p i t a t i n g  a n t i b o d i e s  to  H i c r o p o l y s p o r a f a e ni  

a t  th e  end o f  the  w i n t e r  hous ing  p e r io d s  (1970-71 and 1971-72) and the  

number o f  p r e c i p i t i n - n e g a t i v e  c a t t l e  t h a t  developed p r e c i p i t i n s  d u r i n g  

the  w i n t e r .

1 970 “71 No. Ra i ndays per Month
Inc ide nce  o f  

P r e c i p i t i n s  (%)

No. An ima ls  
Ga i ned 

P r e c i p i t i n s  (%)Herd June J u l y June + J u l y

FLl 9 21 30 76 73

FL2 - - -- 29 23

FL3 12 23 35 50 51

FL4 12 23 35 41 23

FL5 " - - 78 74

FL6 12 16 28 60

FL8 10 18 28 83 ■“

PSl 12 23 35 30 9

PS2 9 20 29 14 1

PS3 9 20 29 34 16

PS4 9 20 29 25 1

PS5 9 20 29 53 2

PS6 9 20 29 69 : 7

Rl 13 22 35 0 “

R2 12 23 35 51 —

R3 10 19 29 25 -

R4 11 24 35 38 -

1971-72

FLl 14 12 26 66 9

FL3 15 1 1 26 12 2

FL5 14 1 1 25 76 5

FL8 16 1 1 27 75 14

PSl 15 11 26 6 0

PS6 12 10 22 25 1

Rl 131 1 1 24 0 0

R2 15 1 1 26 25 4

?



T A B L E  5 7  ( C o n t ' d . )

( î )  The r e l a t i o n s h i p  between the  number o f  ra in da ys  in  June,

1970 and 1971 and the  p re va len ce  o f  p r e c i p i t a t i n g  a n t i b o d i e s  

t o  H I c r o p o lyspo ra  fa e n i  a t  the  end o f  the  w i n t e r  housing 

p e r io d s  o f  1970-71 and 1971-72.  

r -  - 0 . 15 . y ~ 60 .26  -  1 , 66x.

(2) The r e l a t i o n s h ip *  between the  number o f  ra in d a ys  in  June,  1970

and 1971 and the  number o f  p r e c i p i t i n - n e g a t i v e  an im a ls  t h a t  

developed p r e c i p i t i n s  d u r i n g  the  w i n t e r  housing p e r io d s  o f  

1970-71 and 1971- 72 .

r = - 0 . 2 4 .  y -  33 .3 9  + 0 .44 x .

(3) The r e l a t i o n s h i p  between the  number o f  ra in d a y s  in J u l y ,  1970

and 1971 and the  p re va le nce  o f  p r e c i p i t a t i n g  a n t i b o d i e s  to

M ic r o p o ly s p o r a  fa e n i  a t  the  end o f  the  w i n t e r  hous ing  p e r io d s  

o f  1970-71 and 1971- 72 . 

r  = +0 .0 9 .  y = 33 .39  + 0 .44x .

(4) The r e l a t i o n s h i p  between the  number o f  ra in d a y s  in J u l y ,  1970

and 1971 and the  number o f  p r e c i p i t i n - n e g a t i v e  an im a ls  t h a t  

developed p r e c i p i t i n s  d u r in g  the  w i n t e r  hous ing  p e r io d s  o f  

1970-71 and 1971- 72 .

r  = + 0 . 4 7 . y = - 16.49 + 1 .79x,  (S)

(5) The r e l a t i o n s h i p  between the  combined number o f  ra in d a y s  in

June and J u l y ,  1970 and 1971 and the  p reva lence  o f  p r e c i p i t a t 

ing a n t i b o d i e s  t o  M ic ro p o ly s p o ra  fa e n i  a t  the  end o f  the  

w i n t e r  hous in g  p e r io d s  o f  1970-71 and 1971" 72 .

r  "  + 0 . 0 1 .  y  -  37 .76 + O. lOx.

(6 ) The r e l a t i o n s h i p  between the  combined number o f  ra in da y s  in

June and J u l y ,  1970 and 1971 and the  number o f  p r e c i p i t i n -  

n e g a t i v e  an im a ls  t h a t  developed p r e c i p i t i n s  d u r i n g  the  w i n t e r  

hous ing  p e r io d s  o f  1970-71 and 1971- 72 .

r  -  +0 . 5 0 . y = “ 62,01 + 2 „64x .  (s)

where x ~ number o f  ra in da ys

y -  i n c id e n ce  o f  p r e c i p i t i n s  o r  number o f  

a n im a ls  t h a t  developed p r e c i p i t i n s .



p r e c i p i t i n s  a t  the  end o f  the  w i n t e r  o r  the numbers o f  p r e c i p i t i n -  

n e g a t i v e  c a t t l e  t h a t  developed p r e c i p i t i n s  th rou g ho u t  the  w i n t e r  

(Tab le 58) .

A l tho u gh  t h e r e  was a very  h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p  

between the  number o f  ra in da y s  and the  t o t a l  r a i n f a l l  per  month,  t h e re  

was g r e a t  v a r i a t i o n  in the  amount o f  r a i n  t h a t  a c t u a l l y  f e l l  per  day 

(Tab le 59) .

DISCUSSION

Most o f  the  herds i n v o lv e d  in  t h i s  s tudy  were s e le c te d  

because the  farmers  s u f f e r e d  f rom f a r m e r ' s  lung o r  because p r e c i p i t 

a t i n g  a n t i b o d i e s  to  M. fa e n i  had been d e te c te d  in the  serum o f  a cow 

w i t h  r e s p i r a t o r y  d ise ase .  W i th  one e x c e p t io n  (F L 7 ) , hay was fed to  

every  herd and f o r  t h i s  reason a lo ne  the  "random" herds were s e le c te d .  

There was a c lo s e  a s s o c i a t i o n  between the  number o f  c a t t l e  w i t h  p r e 

c i p i t i n s  to  M. f a e n i  a t  the  end o f  w i n t e r  and the  mou ld iness  o f  the  

hay t h a t  had been fe d .  Th roughout  the  w i n t e r  hous ing  p e r i o d ,  

s i g n i f i c a n t l y  more p r e c i p i t i n - n e g a t i v e  c a t t l e  developed p r e c i p i t i n s  

in  herds t h a t  had been fed  m o d e ra te ly  mouldy compared w i t h  s l i g h t l y  

mouldy hay.  Consequ en t ly ,  a t  th e  end o f  w i n t e r ,  the  t o t a l  

p reva lence  o f  p r e c i p i t i n s  was s i g n i f i c a n t l y  g r e a t e r  In the  c a t t l e  t h a t  

had been fed  m o dera te ly  mouldy compared w i t h  s l i g h t l y  mouldy hay.  

However,  th e re  was no d i f f e r e n c e  in the  p reva le nce  o f  p r e c i p i t i n s  a t  

the  second t e s t  between the  t h r e e  herds t h a t  were fed  both  hay and 

s i l a g e  and the  o th e r  he rds .  T h is  c o n f i r m s  t h a t  the  mou ld iness  o f  

the  hay is  the  most im p o r ta n t  f a c t o r  in d e te rm in in g  whether o r  no t  

c a t t l e  w i l l  deve lop  p r e c i p i t i n s  t o  M. fae n i  and ,  under farm c o n d i t i o n s ,  

t h a t  the amount o f  hay fed  is  o f  m ino r Impor tance.

i t  is  ve ry  l i k e l y  t h a t  the  fa rmers  who s u f f e r e d  f rom 

f a r m e r ' s  lung had developed the  d isease  because they  had made mouldy 

hay more o f t e n  than the  o th e r  f a r m e rs .  T h e r e f o r e ,  i t  was no t  s u r p r i s 

ing to  f i n d  t h a t ,  a t  the  b eg in n in g  o f  both w i n t e r  hous ing  per iods , -  the 

p reva le nce  o f  p r e c i p i t i n s  to  M. fae n i  was s i g n i f i c a n t l y  h ig h e r  in the  

" f a r m e r ' s  l u n g "  herds than  in the  " p o s i t i v e  sample" he rds .  When the  

fa rmers  were asked f o r  t h e i r  assessment o f  the mou ld iness  o f  t h e i r

1970-71 hay c ro p ,  83 per  cent  o f  the  " f a r m e r ' s  lu n g "  herds had been 

fed  m od era te ly  mouldy hay compared w i t h  o n l y  50 per cen t  o f  both the



T A B L E  5 8

The r e l a t i o n s h i p  between th e  m on th ly  r a i n f a l l  (mm) and the  

p re va le n ce  o f  p r e c i p i t a t i n g  a n t i b o d i e s  t o  M1c ro p o ly s p o ra  f a eni  a t  the  

end o f  the  w i n t e r  housing p e r io d s  (1370-71 and 1371-72) and the  numbei 

o f  p r e c i p i t i n - n e g a t i v e  c a t t l e  t h a t  developed p r e c i p i t i n s  d u r i n g  the  

w i n t e r .

1970-71 M o n th l y Ra i n f a 11
Inc ide n ce  o f  

P r e c i p i t i n s  (%)
No. An ima ls  

Gained F r e e i p t I n sHerd June June + J u l y

FLl 67 210 76 73

FL2 94 271 29 23

FL3 56 158 50 51

FL4 56 158 41 23

FL5 4o 118 78 74

FL6 61 134 60 ~

FL8 58 188 83 -

PSl 56 158 , 30 9

PS2 59 153 14 1

PS3 59 153 34 16

PS4 59 153 25 1

PS5 59 153 53 2

PS6 59 153 69 7

Rl 65 147 0 -

R2 56 158 51 -

R3 61 145 25 -

R4 71 150 38 -

1971-72

FLl 63 123 66 9

FL3 40 148 12 2

FL5 50 139 76 5

FL8 70 143 75 14

PSl 40 148 6 0

PS6 46 105 25 1

Rl 36 147 0 0

R2 4o 148 25 4
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T A B L E  5 8  ( C o n t ' d )

(1) The r e l a t i o n s h i p  between the  r a i n f a l l  in June,  1970 and

1971 and the  p re va le nce  o f  p r e c i p i t a t i n g  a n t i b o d i e s  to  

H i c r o p o l yspora  fa e n i  a t  the  end o f  the  w i n t e r  housing 

p e r io d  o f  1970-71 and 1971-72.

r ^  +0.21 . y 16,02 + 0 .4 3x .

(2) The r e l a t i o n s h i p  between the  r a i n f a l l  in June, 1970 and 1971

and the  number o f  p r e c i p i t i n - n e g a t i v e  an im a ls  t h a t  developed 

p r e c i p i t i n s  d u r in g  the  w i n t e r  hous ing  p e r io d s  o f  1970-71 and

1971-72.

r  = + 0 .1 6 ,  y "  1.24 + 0.28%,

(3) The r e l a t i o n s h i p  between the  combined r a i n f a l l  in  June and

J u l y ,  1970 and 1971,  and the  p reva lence  o f  p r e c i p i t a t i n g  

a n t i b o d i e s  t o  Mi c r o p o l yspora fa e n i  a t  the  end o f  the  w i n t e r  

housing p e r io d s  o f  1970-71 and 1971-72.

r  -  +0 . 0 3 . y = 37.58 + 0 .03x .

(4) The r e l a t i o n s h i p  between the  combined r a i n f a l l  in June and

J u l y ,  1970 and 1971, and the  number o f  p r e c i p i t i n - n e g a t i v e  

an im a ls  t h a t  developed p r e c i p i t i n s  d u r in g  the  w i n t e r  hous ing  

p e r io d s  o f  1970-71 and 1971-72.

r  = + 0 .2 4 .  y ™ - 8 .7 7  + 0 .1 6x.

where x = mon th ly  r a i n f a l l

y “  in c id e n c e  o f  p r e c i p i t i n s  o r  number o f  

a n im a ls  t h a t  developed p r e c i p i t i n s .



T A B LE  59

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  m o n t h l y  r a i n f a l l  a n d  t h e  n u m b e r

o f  r a i n d a y s  p e r  m o n t h  on  1 7  f a r m s .

M o n th ly  No.
of.  Raindays M o n th ly  R a i n f a l l  (mm)

9 59.1 : 59 .4 : 59 .4 ; 59 .4 : 5 9 .4 :  6 7 .1 : 99.3 .

10 58 .2 : 6 1 .0 .

11 5 1 .1 :
8 0 . 8 ;

70.1 : 
8 0 . 8 ;

70.1 ; 
8 0 . 8 .

70.1 : 70 .1 ;  70 .1 : 75 .9 :

12 55 .9 : 55 .9 : 5 5 .9 : 55 .9 : 6 0 .7 :  81 .8 ; 9 0 .7 .

13 6 4 .5 .

14 8 3 .3 .

16 7 3 .5 .

18 129 .8 .

19 8 3 .6 .

20 9 4 .0 ; 94 .0 ; 94 .0 ; 9 4 .0 ; 9 4 .0 .

21 142 .5 .

22 82.5

23 101 .9 : 101 ,9 : 101.9: 101 .9 .

24 78 .7 . .

r  =-■ + 0 .6 9 .  y = 39.83 + 2 .72x .  VHS

where x = number o f  ra in d a ys  per month 

y = mon th ly  r a i n f a l l  (mm).

157



" p o s i t i v e  sample"  and th e  "random" herds .  ' S i g n i f i c a n t l y  more 

p r e c i p i t i n - n e g a t i v e  c a t t l e  developed p r e c i p i t i n s  d u r in g  the  w i n t e r  in 

the  " f a r m e r ' s  l u n g "  than  In the  " p o s i t i v e  sample"  he rds .  Consequen t ly ,  

by the  end o f  the  w i n t e r ,  the  p re va le nce  o f  p r e c i p i t i n s  in the " f a r m e r ' s  

lu n g "  herds was s i g n i f i c a n t l y  g r e a t e r  than in e i t h e r  the  " p o s i t i v e  

sample"  o r  the  "random" herds .  However, t h e re  v/as no s i g n i f i c a n t  

d i f f e r e n c e  between the  number o f  c a t t l e  w i t h  p r e c i p i t i n s  in the  

" p o s i t i v e  sample"  herds compared w i t h  the  "random" herds  a t  t h a t  t im e .

From the  above f i n d i n g s  i t  can be deduced t h a t  r e g u la r  

exposure  t o  mouldy hay dus t  had a c u m u la t i v e  e f f e c t .  T h is  was 

s u b s t a n t i a t e d  by th e  good p o s i t i v e  c o r r e l a t i o n  between the  p reva len ce  

o f  p r e c i p i t i n s  t o  M. fa e n i  and the  age o f  the  an im a ls  sampled.  in  

a p r e v io u s ,  much s m a l le r  s u rv e y ,  Harbourne and o th e r s  (1970) had 

f a i l e d  t o  f i n d  any r e l a t i o n s h i p  between the  p re va len ce  o f  p r e c i p i t i n s  

and the  age o f  c a t t l e  sampled.

I t  Is i n t e r e s t i n g  t h a t ,  d u r i n g  both w i n t e r  hous ing  p e r i o d s ,  

about  20 per cen t  o f  the  c a t t l e  t h a t  had been p r e c i p i t i n - p o s i t i v e  a t  

the  f i r s t  t e s t  were p r e c i p i t i n - n e g a t i v e  a t  the  second.  In some o f  

these  cows,  the  t i t r e  o f  p r e c i p i t a t i n g  a n t i b o d y  may have dropped below 

the  minimal  l e v e l  o f  d e t e c t i o n  by the  doub le  d i f f u s i o n  t e s t  because 

these  cows were a pp roa ch in g  p a r t u r i t i o n .  For a p e r io d  o f  severa l  

weeks b e fo re  and a f t e r  p a r t u r i t i o n  in  the  cow, t h e r e  is  a hypogamma- 

g lo b u l i n a e m ia  wh ich  r e s u l t s  f rom the  c o n c e n t r a t i o n  o f  maternal  

a n t i b o d i e s  i n t o  the  c o lo s t r u m  (33,  6 1 ) ,  On the  o t h e r  hand,  I t  is  

a l s o  p o s s i b l e  t h a t  somehow o r  o t h e r ,  these a n im a ls  had in h a le d  

i n s i g n i f i c a n t  amounts o f  M. f a e n i  a n t i g e n s .  T h is  may have been 

because they  had been housed in b u i l d i n g s  away f rom the  o th e r  cows 

p a r t i c u l a r l y  when they were n o t  l a c t a t i n g .  C o nsequ en t ly ,  t h e i r  

exposure  t o  mouldy hay d us t  cou ld  have been less  than  t h a t  o f  the  

m i l k i n g  cows. A g a in s t  t h i s , " d r y "  cows were d e l i b e r a t e l y  fed the  

d u s t i e s t  hay on v i r t u a l l y  a l l  t he  fa rms,

A h ig h  in c id e n c e  o f  p r e c i p i t i n s  a t  the  second t e s t  n o t  o n l y  

r e f l e c t e d  the  mouid tness  o f  the hay t h a t  had been fed  d u r i n g  t h a t  

w i n t e r  but  was a l s o  c l o s e l y  a s s o c ia te d  w i t h  the  f requency  o f  cough ing 

in  the  herd .  An e x c e p t io n  was herd FLl In wh ich  p r e c i p i t i n s  were 

p re sen t  in  76 per cen t  o f  the cows and ye t  f r e q u e n t  cough ing  was no t  

hea rd .  A l t h o u g h  the  amount and d u r a t i o n  o f  exposure  t o  M. faen i  

had been s u f f i c i e n t :  f o r  p r e c i p i t i n s  t o  deve lop  in a l a r g e  p r o p o r t i o n
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o f  the  p r e c I p ! t i n - n e g a t i v e  an im a is  d u r in g  the  w i n t e r  (67%), 

presumably i t  had n o t  been s u f f i c i e n t  f o r  s ig ns  o f  c l i n i c a l  d isease  to  

become o b v io u s .  N o n e the less ,  the  fa rm er  h i m s e l f  expe r ien ced  a severe 

r e la p s e  o f  a c u te  f a r m e r ' s  lung in F e b rua ry ,  1971 and was h o s p i t a l i s e d  

. fo r  severa l  weeks.

No a cu te  c l i n i c a l  cases o f  f a r m e r ' s  lung developed d u r i n g  the

two w i n t e r  hous ing  p e r io d s  o f  t h i s  s tudy  but; severa l  cows were seen to

be h y p e rp n o e ic ,  ta c h y p n o e ic  a n d /o r  cough ing a t  the  t im e  the  b lood  

samples were be ing ta ke n .  Some o f  these an ima ls  were subsequen t l y  

shown to  be s u f f e r i n g  f rom c h r o n i c  f a r m e r ' s  lung (Chapter  2, S e c t io n  I I )  

The f i r s t  co n f i rm e d  case o f  f a r m e r ' s  lung in c a t t l e  (207) a rose  in  

herd PS4 d u r in g  the  w i n t e r  p r i o r  t o  the  commencement o f  t h i s  i n v e s t i 

g a t i o n  and y e t ,  a t  the  f i r s t  t e s t ,  the  p reva le nce  o f  p r e c i p i t i n s  was 

o n l y  39 per c e n t .  T h is  a pp a ren t  anomoly can be e x p la in e d  by the  f a c t  

t h a t  t h i s  was a " f l y i n g "  herd and so many o f  the  m i l k i n g  companions o f  

t h a t  f i r s t  case had been s o ld .

Hay was the  o n l y  p o s s i b l e  source  o f  M, f a e n i  a n t i g e n s  on

eve ry  farm excep t  FL7 and FL5 on wh ich  b a r l e y  cou ld  a l s o  have been

in v o l v e d .  D esp i te  the  m i l k i n g  cows in herd FL 7 be I ng fed  o n l y  s i l a g e ,  

a s i n g l e  cow d id  deve lop  p r e c i p i t i n s .  However, she had been fed 

r o l l e d ,  w e t - s t o r e d  b a r l e y  t w i c e  d a i l y .  The fa rmer sa id  t h a t ,  i f  he 

d i d  not  wear a mask, he expe r ien ced  a re c u r re nc e  o f  some o f  h i s  

p re v io u s  symptoms (headaches, swea t ing  and a " t i g h t n e s s  ac ross  the  

c h e s t " )  severa l  hours a f t e r  he had worked w i t h  b a r l e y  t h a t  had l a i n  f o r  

f o u r  t o  s i x  days a f t e r  i t  had been r o l l e d .  On t h i s  farm b a r le y  was 

co n f i rm e d  as the  source o f  the  M. f a e n I . In c o n t r a s t ,  the  owner o f  

herd  FL5 s u f f e r e d  no adverse  c l i n i c a l  r e a c t i o n  a f t e r  he had fed  h i s  

cows r o l l e d ,  w e t - s t o r e d  b a r l e y  and so a s i g n i f i c a n t  amount o f  M. fa e n i  

a n t i g e n s  were u n l i k e l y  t o  have been p resen t  on h i s  g r a i n .  In the 

p a s t ,  w o rk in g  w i t h  mouldy g r a in  has o f t e n  been he ld  r e s p o n s ib l e  f o r  the  

development o f  f a r m e r ' s  lung in man (250,  258).  Recent  ev idence  wou ld  

suggest  t h a t  M. f a e n i  may no t  p ro v id e  the  a l l e r g e n s  t h a t  cause t h i s  

form o f  the  d isease  a t  the  p resen t  t im e  because p r e c i p i t i n s  to M. fa e n i  

were no t  d e te c te d  in the  sera f rom f o u r  g r a i n - i n d u c e d  cases (112) .

Ju s t  as exposure t o  mouldy hay d us t  d u r in g  the  w i n t e r  

r e s u l t e d  In a s i g n i f i c a n t  in c re ase  in the  number o f  c a t t l e  w i t h  p r e 

c i p i t i n s  t o  M. f a e ni so the  la c k  o f  exposure d u r in g  the  summer 

r e s u l t e d  In a s i g n i f i c a n t  decrease  In the  p reva lence  o f  p r e c i p i t i n s .
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T h is  decrease  was g r e a t e s t  in the  younges t  age group but  the  

r e l a t i o n s h i p  between sge and the  number o f  an im a ls  t h a t  " l o s t "  

p r e c i p i t i n s  was n o t  q u i t e  s t a t i s t i c a l l y  s i g n i f i c a n t .  The p r e c i p i t i n -  

p o s i t i v e  younger c a t t l e  had r e l a t i v e l y  low p r e c i p i t i n  t i t r e s  wh ich  

had become u n d e te c ta b le  by the  end o f  the  summer whereas the  o l d e r  

cows had h ig h e r  p r e c i p i t i n  t i t r e s  wh ich  p e r s i s t e d  th r o u g h o u t  t h e  

g r a z in g  p e r io d  (57)» T h e r e f o r e ,  the  p r e c i p i t i n s  t h a t  can be d e te c te d  

a t  the  b e g in n in g  o f  a w i n t e r  hous ing  p e r io d  have a lm o s t  c e r t a i n l y  

r e s u l t e d  f rom exposu re  t o  mouldy hay d u r in g  the  p re v io u s  w i n t e r .

A l t h o u g h  a s t a t i s t i c a l l y  s i g n i f i c a n t  decrease in the 

p re va le n ce  o f  p r e c i p i t i n - p o s i t i v e  an ima ls  had o c c u r re d  in two herds 

d u r in g  the  summer, a s i g n i f i c a n t  in c re ase  in  the  number o f  p r e c i p i t i n -  

p o s i t i v e  an im a ls  had o cc u r re d  in herd FL5. Th is  was duo t o  the  cows 

ha v ing  been fed  hay w h i l e  they  were housed o n l y  a t  n i g h t  f o r  two t o  

t h r e e  weeks.  The fa rm e r  co ns ide re d  t h a t  the  cows had been housed f o r  

the  w i n t e r  when they  d id  no t  go o u t s i d e  a t  a l l  and i t  was a f t e r  t h i s

t h a t  t h e i r  p r e c i p i t i n  s t a t u s  was assessed a t  the  f i r s t  t e s t .

F a rm e r 's  lung in man is  most common in  the  w e s te r n ,  upland 

p a r t s  o f  B r i t a i n  (250) where hay can be d r i e d  a d e q u a te l y  under f i e l d  

c o n d i t i o n s  about  one year  in  eve ry  f o u r  (215) ,  C onsequen t ly ,  i t  has 

been s ta te d  t h a t  the  in c id e n c e  o f  f a r m e r ' s  lung in man d u r i n g  the  

w i n t e r  is  r e l a t e d  d i r e c t l y  t o  the  amount o f  r a i n f a l l  the  p re v io u s  

summer (89,  250,  286 ) .  The assumpt ion  t h a t  an a p p a r e n t l y  " w e t "  

summer i n v a r i a b l y  r e s u l t s  in the  making o f  mouldy hay th r o u g h o u t  the  

whole  c o u n t r y  i s  a g ross over  s i m p l i f i c a t i o n  because o n ly  the  r a i n  

t h a t  f a l l s  w h i l e  the  hay i s  a c t u a l l y  be ing  made d i r e c t l y  a f f e c t s  the  

mou ld iness  o f  the  c ro p .  The hay-mak ing season v a r i e s  g r e a t l y  f rom

area t o  area and extends  f rom June in sou the rn  England t o  l a t e

August  in  some p a r t s  o f  wes te rn  S c o t la n d .  Du r in g  the  tv^o years  o f  

t h i s  s tudy  the  t o t a l  r a i n f a l l  and number o f  ra in d a y s  in J u l y  were found 

t o  be c l o s e l y  a s s o c ia te d  w i t h  the  mou ld iness  o f  the  hay.  Th is  was

t o  be expected  s in c e  a lm os t  a l l  the  hay had been made in  J u l y .  i t

was a l s o  found t h a t  t h e r e  had been s i g n i f i c a n t l y  more r a i n  d u r in g  

June and August  on th e  farms on which  s l i g h t l y  mouldy hay had been

made compared w i t h  the  farms on wh ich  m o dera te ly  mouldy hay had been

made. T h is  s u p p o r ts  the  v iew  t h a t  summer mon th ly  r a i n f a l l  f i g u r e s  

can be m is l e a d in g  u n less  the  s p e c i f i c  t im e  t h a t  the  hay had been made 

w i t h i n  a p a r t i c u l a r  area is a l s o  known.
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The t o t a l  m on th ly  r a i n f a l l  is  l i k e l y  to  be o f  l e s s  

importance  than the  number o f  ra in da ys  in a f f e c t i n g  the  mou ld iness  o f  

the  hay because a smal l  amount o f  r a i n  h a l t s  hay-mak ing as e f f e c t i v e l y  

as a thunder  s to rm .  The f re que ncy  o f  the ra indays  Is a l s o  im p o r ta n t  

s in c e  e i g h t  t o  ten su ccess ive  d ry  days is s u f f i c i e n t  f o r  hay t o  d r y  in 

the  f i e l d .  The subsequent  r a i n f a l l ,  even I f  i t  were t o  be ten t imes 

the  average ,  would no t  then a f f e c t  the  p r o b a b i l i t y  o f  the  hay becom

ing mouldy.  N e v e r t h e le s s ,  the  l a r g e  number o f  c l i n i c a l  cases o f  

bov ine  f a r m e r ' s  lung t h a t  were d iagnosed d u r in g  the  1974-75 w i n t e r  

does c o n f i r m  t h a t  a ve ry  h igh  r e g u l a r  r a i n f a l l  d u r in g  the  summer does 

s i g n i f i c a n t l y  i n f l u e n c e  the  in c id e n c e  o f  f a r m e r ' s  lung in c a t t l e  the  

f o l l o w i n g  w i n t e r .

in many in s ta n c e s ,  the  m o is tu re  which i n i t i a t e s  h e a t i n g  and 

mou ld ing  w i l l  no t  have come f rom the  c lo uds  but  f rom the  c e l l  sap 

w i t h i n  the  g ra s s .  I t  is  the  f o r e c a s t  o f  r a i n  t h a t  so o f t e n  p r e s s u r 

ises  a fa rmer  i n t o  b a l i n g  hay w h i l e  the  m o is tu re  is  s t i l l  above 25 per 

c e n t .  However, i t  is  p r e f e r a b l e  t o  ba le  hay too  e a r l y  even though i t  

does become mouldy ,  because c a t t l e  w i l l  ea t  mouldy hay but  they  w i l l  

t o t a l l y  r e j e c t  baled r o t t e n  g ra ss .

The e x am ina t io n  o f  c l i m a t i c  d a ta ,  e i t h e r  n a t i o n w id e  o r  l o c a l ,  

ig no res  c o m p le te l y  the  Im p o r ta n t  r o l e  t h a t  the  i n d i v i d u a l  fa rmer  has 

in  the  making o f  mouldy hay.  A t  the  end o f  two su ccess ive  w i n t e r  

hous ing  p e r io d s  n o t  one o f  70 cows in herd Rl had p r e c i p i t i n s  t o  

M. fa e n i  in  i t s  sera whereas o ve r  50 per cent  o f  the  cows in many 

o t h e r  herds In the  same area had p r e c i p i t i n s  in t h e i r  se ra .  In 

comple te  c o n t r a s t , s o m e  fa rm ers  in the  west  o f  S co t la n d  s t i l l  managed 

t o  make mouldy hay d u r in g  the  summers o f  1975 and 1976 when v i r t u a l l y  

no r a i n  f e l l  f o r  ten c o n s e c u t i v e  weeks (292) .

The amount o f  r a i n  t h a t  f a l l s  d u r in g  the  hay-mak ing season 

l a r g e l y  de te rm ines  the  mou ld iness  o f  the  hay c ro p  and t h i s  in t u r n  

de te rm ine s  th e  p r o p o r t i o n  o f  c a t t l e  wh ich  deve lop  p r e c i p i t i n s  t o  

M, fa e n i  d u r i n g  the  w i n t e r  hous ing  p e r i o d .  The lo n g e r  the  p e r io d  

wh ich  cows a re  c o n t i n u a l l y  exposed t o  M. f a e n Î , t he  h ig h e r  w i l l  be the  

p re va len ce  o f  p r e c i p i t i n s ,  the  more f r e q u e n t  w i l l  be the  cough ing and 

e v e n t u a l l y ,  c l i n i c a l  cases o f  f a r m e r ' s  lung w i l l  d ev e lo p .  However, 

a h ig h  p re va len ce  o f  p r e c i p i t i n s  t o  M. f a e n i  in a herd c o n f i r m s  t h a t  

the  c a t t l e  have been fed  mouldy hay f o r  severa l  months bu t  does not  

c o n f i r m ,  o n l y  suggests  s t r o n g l y ,  t h a t  a number o f  the  cows co u ld  be 

s u f f e r i n g  f rom f a r m e r ' s  lung  d is e a s e .
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CHAPTER 4

THE DIAGNOSIS OF FARMER'S LUNG IN CATTLE



GENERAL IN T RODUCTION

C r o f t o n  and Douglas (196S) have s l a t e d  t h a t  " t h e  d ia g n o s is  

o f  f a r m e r ’ s lung depends on c l i n i c a l  h i s t o r y ,  c l i n i c a l  e x a m in a t io n ,  

x - r a y  appearance ,  lung f u n c t i o n  t e s t s  and s e r o l o g i c a l  t e s t s " .  The 

d isease  in c a t t l e  is  d iagnosed in a s i m i l a r  manner a l t h o u g h  the  

I n d i v i d u a l  d i a g n o s t i c  p rocedures va ry  in t h e i r  u s e fu l n e s s .  Since  

p o s i t i v e  p a t i e n t  p a r t i c i p a t i o n  is  r e q u i r e d  d u r in g  most o f  the  t e s t s  o f  

lung  f u n c t i o n .  I t  has not  been p o s s i b l e  t o  use these  p rocedures  d u r in g  

the  i n v e s t i g a t i o n  o f  the  bov ine  d is e a s e .  On the  o th e r  hand,  i n d i v i d u a l  

cases o f  f a r m e r ' s  lung  In c a t t l e  can be bought  and a f u l l  pos t -m or tem 

e xa m in a t io n  u nd e r taken .  In t h i s  way, a comple te  range o f  p a t h o l o g i c a l  

l e s i o n s  can be i tem ise d  and an e x c e l l e n t  c o r r e l a t i o n  ach ieved  between 

the  e x te n t  o f  these  l e s i o n s  and the  s e v e r i t y  o f  the  c l i n i c a l  s ig n s .

The d ia g n o s i s  o f  f a r m e r ' s  lung  in c a t t l e  w i l l  be d iscussed  

in the  l i g h t  o f  e x p e r ie n c e  gained d u r in g  the  I n v e s t i g a t i o n  o f  the  45 

cases d iscussed  In Chapte r  2 and w i t h  s p e c i f i c  re fe r e n c e  t o  the  use o f :

( I )  C l i n i c a l  h i s t o r y  and c l i n i c a l  e xa m in a t io n

( l i )  Se ro logy  

( i Î i )  Rad I d  ogy

( i v )  Sk in  t e s t i n g

(v) P a tho logy .
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S E C T I ON I

THE USE OF CLINICAL HISTORY AND CLINICAL.

EXAMINATION IN THE DIAGNOSIS OF FARMER'S LUNG IN CATTLE

INTRODUCTION

The d ia g n o s i s  o f  d isease  o f t e n  depends as much upon the  

c l i n i c a l  h i s t o r y  o f  the  case as upon the  a b n o r m a l i t i e s  d e te c te d  d u r 

ing  a d e t a i l e d  c l i n i c a l  e x a m in a t i o n .  When c o n s i d e r i n g  the  d i f f e r e n 

t i a l  d ia g n o s is  o f  r e s p i r a t o r y  d isease  in a d u l t  c a t t l e ,  i t  is  im p o r ta n t  

t o  c o n s id e r  whether o r  n o t  the  c o n d i t i o n  has developed sudden ly  or  

i n s i d i o u s l y ,  whether the a n im a ls  a re  housed o r  g ra z in g  and whe the r 

an i n d i v i d u a l  animal  o r  group  o f  an im a ls  is  a f f e c t e d .

DISCUSSION

In t h i s  s t u d y ,  f a r m e r ' s  lung was o n l y  co n f i rm e d  in  c a t t l e  

f rom the  w e s te r n ,  m a in ly  up land  a reas  o f  t h i s  c o u n t r y .  T h is  does not  

mean t h a t  the  d ise ase  does n o t  occur  e ls ewhere ,  o n l y  t h a t  i t  has not  

y e t  been r e p o r t e d .  From the  f a c t  t h a t  the  youngest  co n f i rm e d  case 

deve loped  towards  the  end o f  the  i t s  second w i n t e r  i n s i d e  t o g e th e r  

w i t h  the  f i n d i n g s  o f  p re v io u s  i n v e s t i g a t i o n s  i n t o  r e s p i r a t o r y  d iseases  

o f  immature c a t t l e  (292 ) ,  i t  can be deduced t h a t  f a r m e r ' s  lung  does 

no t  a f f e c t  young c a t t l e .  The source  o f  the  f a r m e r ' s  lung  a n t i g e n s  

was a lm os t  i n v a r i a b l y  mouldy hay a l t h o u g h  mouldy r o l l e d  b a r l e y  was 

c o ns ide re d  to  have been r e s p o n s ib l e  f o r  one cow becoming s e n s i t i s e d  

t o  M. f a en I . T h e r e f o r e ,  f o r  c l i n i c a l  f a r m e r ' s  lung t o  d eve lo p ,  

a f f e c t e d  a n im a ls  w i l l  a lm os t  c e r t a i n l y  need t o  have been fed mouldy 

hay d u r in g  tv/o w i n t e r  hous ing  p e r i o d s .  A l t h o u g h  f a r m e r ' s  lung is  

t y p i c a l l y  a d ise ase  o f  housed c a t t l e ,  some l o n g - s t a n d in g  severe  

cases may f i r s t  be seen t o  be i l l  o n l y  a f t e r  they  have deve loped  

e x e r c i s e  i n t o l e r a n c e  when, a t  the  b e g in n in g  o f  the  g r a z in g  season,  

they  suddenly  have t o  un d e r take  a long wa lk  t o  and f rom the  m i l k i n g  

p a r l o u r  tw ic e  d a i l y .

A cu te  f a r m e r ' s  lung  has o n l y  been co n f i rm e d  in s i n g l e  

a n im a ls  in a herd a t  any one t im e  in c o n t r a s t  t o  the  c h r o n i c  form 

wh ich  can p re se n t  e i t h e r  as a s i n g l e  animal  or  as a group  d is e a s e .

The c l i n i c a l  s ig ns  o f  acute, f a r m e r ' s  lung  and those  o f  o t h e r
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common sudden onse t  r e s p i r a t o r y  cond i t i ons a re  p resen ted  in  Table  60. 

I r r e s p e c t i v e  o f  the s p e c i f i c  d i s o r d e r ,  c a t t l e  a f f e c t e d  w i t h  acu te  

r e s p i r a t o r y  d isease  a re  a n o r e x i c ,  and i f  l a c t a t i n g ,  t h e r e  is  an a b r u p t  

decrease in t h e i r  m i l k  p r o d u c t i o n .  The most common causes o f  acu te  

r e s p i r a t o r y  d isease  in housed a d u l t  c a t t l e  a re  b a c t e r i a l  b roncho 

pneumonia and f a r m e r ' s  lu n g .  W i th  th e  fo rmer  d is e a s e ,  t h e r e  is  

obv ious  d u l l n e s s  and ev idence  o f  toxaemia but  r e s p i r a t o r y  d i s t r e s s  does 

n o t  u s u a l l y  deve lo p  u n t i l  the  t e r m in a l  s tag e s .  On th e  o th e r  hand,  

cases o f  a cu te  f a r m e r ' s  lung  a re  a l e r t  even a l t h o u g h  they  a re  s e v e r e l y  

d y spn oe lc .  A degree o f  t h o r a c i c  pa in  can u s u a l l y  be d e te c te d  w i t h  

a c u te  b a c t e r i a l  bronchopneumonia bu t  t h o r a c i c  p e rcuss io n  Is not  r e s e n t 

ed w i t h  a c u te  f a r m e r ' s  lu n g .  P y r e x ia ,  which is  p re sen t  In v i r t u a l l y  

e v e ry  case o f  a cu te  bronchopneumonia,  w i l l  no t  be d e te c te d  as o f t e n  

w i t h  a cu te  f a r m e r ' s  lu n g .  Occas iona l  cough in g ,  tachypnoea and,  in 

some cases ,  f i n e  c r a c k l e s  a n t e r o - v e n t r a l 1 y a re  f i n d i n g s  common t o  both 

c o n d i t i o n s .  The r a t e  o f  r e co ve ry  f o l l o w i n g  a p p r o p r i a t e  the ra p y  is  

l i k e l y  t o  be d i f f e r e n t  in  t h a t  most cases o f  f a r m e r ' s  lung were sa id  by 

the  owner t o  be " n o r m a l "  w i t h i n  24-48  hou rs ,  whereas c l i n i c a l  re co ve ry  

f rom an a c u te  b a c t e r i a l  pneumonic ep isode  can take  up t o  one week and 

even then comple te  re co ve ry  may no t  have taken p la c e ,

!n a smal l  number o f  cases ,  t h e r e  is  severe d u l l n e s s  o f  

sudden o n s e t ,  a n o r e x ia ,  a g a l a c t i a ,  marked t h o r a c i c  p a i n ,  p y re x ia  (up 

t o  lOy^F) and i n f r e q u e n t  s o f t  cough in g .  A t  nec ropsy ,  these  cases have 

u s u a l l y  been found t o  be s u f f e r i n g  f rom a n e c r o t i s l n g  bronchopneumonia.  

I t  has been s t a t e d  t h a t  pneumonic p a s t e u r e l 1 os Is (264) p re sen ts  in a 

s i m i l a r  manner.

Toxaemia is  absent  f rom a n im a ls  w i t h  m i l k  a l l e r g y  and lung 

tumours .  M i l k  a l l e r g y ,  wh ich  has been shown t o  be a t y p e  I h y p e r s e n s i 

t i v i t y  r e a c t i o n  m a in l y  t o  a l p h a - c a s e i n  (4 2 ) ,  can a f f e c t  s u s c e p t i b l e  

h e i f e r s  and cows a t  any t im e  d u r i n g  t h e i r  l a c t a t i o n  I f  m i l k i n g  has been 

de layed f o r  any reason.  As -well as t h e i r  be ing  d y s p n o e lc ,  a f f e c t e d  

a n im a ls  d r i b b l e  s a l i v a  and u r i n e  and deve lop  g e n e r a l i s e d  u r t i c a r i a .

Soon a f t e r  the  onse t  o f  m i l k i n g  t h e re  Is an obv ious  decrease in t h e  

s e v e r i t y  o f  the  c l i n i c a l  s i g n s .  W i t h i n  the  l a s t  s i x  y e a r s ,  the  one 

case o f  pulmonary n e o p la s ia  t h a t  p resen ted  w i t h  a cu te  r e s p i r a t o r y  

d i s t r e s s  was d iagnosed a t  n ec ropsy .

I t  i s  more d i f f i c u l t  t o  d i f f e r e n t i a t e  between c h r o n i c  

f a r m e r ' s  lung and c h r o n i c  s u p p u r a t i v e  pneumonia (Tab le 61) 
than  I t  Is  t o  d i f f e r e n t i a t e  between t h e i r  r e s p e c t i v e  a cu te  fo rms.
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Th is  Is  due t o  th e  g re a t  v a r i a t i o n  in  the  range o f  c l i n i c a l  

s ig n s  in both c h r o n i c  d i s o r d e r s  and a l s o  because one animal  can be 

a f f e c t e d  w i t h  both  c o n d i t i o n s  s im u l t a n e o u s l y .  Cases o f  c h r o n i c  

f a r m e r ' s  lung  g e n e r a l l y  cough much more f r e q u e n t l y ,  are. more h y p e r -  

pneo ic  and more ta c h y p n o e ic  than  a n im a ls  s u f f e r i n g  f rom c h r o n ic  

s u p p u r a t i v e  pneumonia.  In a d d i t i o n ,  most cases o f  c h r o n i c  s u p p u r a t i v e  

pneumonia a re  s l i g h t l y  o r  m o d e ra te ly  d u l l , they  u s u a l l y  rese n t  

t h o r a c i c  pe rcuss io n  and t h e i r  r e c t a l  tem pera tu re  Is o f t e n  s l i g h t l y  

e l e v a t e d .  Wi th  embo l i c  pneumonia,  wh ich  Is a more severe  c o n d i t i o n  

tha n  e i t h e r  c h r o n i c  f a r m e r ' s  lu ng  o r  c h r o n i c  s u p p u r a t i v e  pneumonia,  

t h e r e  may be a h i s t o r y  o f  r e l a p s i n g  a cu te  pneumonic ep isodes or  

ev id ence  o f  c o - e x i s t i n g  s u p p u r a t i v e  d isease  such as a r t h r i t i s ,  

m a s t i t i s  o r  m e t r i t i s .  T h o r a c i c  pa in  Is f r e q u e n t l y  one o f  the  majo r  

p r e s e n t i n g  s ig ns  o f  t h i s  c o n d i t i o n .  The source o f  the pulmonary 

embol i  is  u s u a l l y  a thrombus In the  p o s t e r i o r  vena cava and such cases 

a lm os t  i n v a r i a b l y  deve lop  haemoptys is  t e r m i n a l l y  (235) .

Du r in g  the  s i x  years  o f  the  r e s p i r a t o r y  d ise ase  su rve y ,  

t u b e r c u l o s i s  was suspected once a t  necropsy and co n f i rm e d  a f t e r  

b a c t e r i o l o g i c a l  and m ic r o s c o p i c a l  e xam ina t io n  o f  the  l e s i o n s .  The 

c l i n i c a l  s ig ns  were t y p i c a l  o f  a c h r o n i c  s u p p u r a t i v e  pneumonia a p a r t  

f rom the. f a c t  t h a t  t h e r e  appeared t o  be an e xcess ive  amount o f  t h o r a c i c  

pa In .

A 1 Ling tumour t h a t  was caus ing  c h r o n i c  r e s p i r a t o r y  d isease  

was d iagnosed when a l a r g e  area o f  decreased t h o r a c i c  resonance was 

d e te c te d  d u r in g  a r o u t i n e  p h y s i c a l  e xa m in a t io n .  Pulmonary n e o p la s ia  

Is u s u a l l y  found d u r in g  r o u t i n e  pos t -m or tem e x a m in a t io n .

P a r a s i t i c  b r o n c h i t i s  has been in c lu de d  in  Tab le  61 as both  

the  p a te n t  and the  r e - l n f e c t l o n  forms can a f f e c t  housed i n d i v i d u a l  

a n im a l s .  However,  a f t e r  a d e t a i l e d  h i s t o r y  has been o b t a i n e d ,  t h e r e  

shou ld  be l i t t l e  d i f f i c u l t y  In d i f f e r e n t i a t i n g  between fa r m e r ' s  lung 

and p a r a s i t i c  b r o n c h i t i s .  W i th  the. l a t t e r  c o n d i t i o n ,  the  cough ing is  

much more f r e q u e n t ,  o f t e n  be ing  paroxysmal ,  end the  tachypnoea more 

severe  than w i t h  the  fo rmer c o n d i t i o n  (292) .

The c h r o n i c  form o f  f a r m e r ' s  lung has been co n f i rm e d  as 

a f f e c t i n g  severa l  d a i r y  a n im a ls  in the  same herd s im u l t a n e o u s l y .  The 

o n l y  o th e r  d isease  t h a t  has been re p o r te d  as p roduc in g  a s i m i l a r  syn 

drome ( tachypnoea,  hyperpnoea,  f r e q u e n t  coug h in g ,  w e ig h t  lo ss  and 

decreased m i l k  p r o d u c t i o n )  In B r i t a i n  is  one o f  the  forms o f  p a r a s i t i c
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b r o n c h i t i s  (128, 130, 168, 237) .  The r e - i n f e c t i o n  syndrome has been 

encountered  more o f t e n  in t h i s  area than the  p a te n t  d isease  bu t  both 

forms have i n v a r i a b l y  o c c u r re d  in t h e  autumn. T h e r e f o r e ,  when a 

r e s p i r a t o r y  syndrome c h a r a c t e r i s e d  by tachypnoea,  hyperpnoea,  

f r e q u e n t  co ugh ing ,  w e ig h t  lo ss  and decreased m i l k  p r o d u c t i o n  o ccurs  

In the  autumn the  cause w i l l  be p a r a s i t i c  b r o n c h i t i s  and when the  

syndrome occurs  in  the  s p r i n g  in housed c a t t l e ,  i t  w i l 1 be f a r m e r ' s  

1 ung.

The o n l y  occas ion  when these  two c o n d i t i o n s  a re  l i k e l y  t o  

be confused is  in  the  e a r l y  w i n t e r  when the  r e s p i r a t o r y  s ig ns  e re  

n o t i c e d  o n l y  a f t e r  the cows a re  housed,  sucli as happened w i t h  herd 4 

(c h a p te r  2,  S e c t io n  i ) .  P a r a s i t i c  b r o n c h i t i s  must be the  obv ious  

d i a g n o s i s  bu t  f o r  a d u l t  c a t t l e  t o  deve lo p  obv ious  c l i n i c a l  s ign s  o f  

d i s e as e  they  must be s u b je c te d  t o  a massive l a r v a l  c h a l l e n g e .  in 

p r a c t i c e ,  t h i s  means t h a t  a f f e c t e d  cows must have been g ra z in g  on 

f i e l d s  wh ich  had been grazed p r e v i o u s l y  by young s to c k  s u f f e r i n g  f rom 

c l i n i c a l  p a r a s i t i c  b r o n c h i t i s .  The absence o f  t h i s  type  o f  h i s t o r y  

means t h a t  p a r a s i t i c  b r o n c h i t i s  is e x t r e m e ly  u n l i k e l y  a l t h o u g h  i t  

shou ld  no t  be r u le d  o u t  e n t i r e l y .  Fa rm er 's  lung may be suspected  

o n l y  i f  ve ry  mouldy hay i s  be ing  fed  and most o f  the  a f f e c t e d  a n im a ls

a re  more than  s i x  years  o l d .

In o r d e r  t o  d iagnose  a p a r t i c u l a r  d i s e a s e ,  the  c l i n i c i a n  

must f i r s t  be aware t h a t  i t  has been re p o r te d  and s e co n d ly ,  be

f a m i l i a r  w i t h  the  ma jo r  i f  n o t  the  f u l l  range o f  c l i n i c a l  s i g n s .

Fa rm e r 's  lung  shou ld  be suspec ted  i f  mouldy hay i s  being fed  t o  housed 

a d u l t  c a t t l e  wh ich  a re  s u f f e r i n g  f rom obv ious  r e s p i r a t o r y  d is e a s e ,  

a l t h o u g h  a tho rough  c l i n i c a l  e xa m in a t io n  o f  a f f e c t e d  I n d i v i d u a l s  is  

s t i l l  d e s i r a b l e  t o  e l i m i n a t e  the  p o s s i b i l i t y  o f  o t h e r  d i s o r d e r s .

[ 6 8



SE C T I ON I I

THE USE OF SEROLOGY IN THE DIAGNOSIS OF 

FARMER'S LUNG IN CATTLE

INTRODUCTION

The presence o f  p r e c i p i t a t i n g  a n t i b o d i e s  a g a in s t  " f a r m e r ' s  

lung  hay" a n t i g e n s  In t h e . s e r a  o f  p a t i e n t s  w i t h  f a r m e r ' s  lung was the  

f i r s t  l a b o r a t o r y  ev idence  t h a t  t h i s  was a h y p e r s e n s i t i v i t y  d isease  

(142,  201 ).  When human v o lu n t e e r s  inha led  mouldy hay d u s t ,  e x t r a c t s  

o f  mouldy hay or  e x t r a c t s  o f  H. f a e n i ^ o n ly  those w i t h  serum p r e c î p i t î n s  

developed c l i n i c a l  symptoms s i m i l a r  t o  f a r m e r ' s  lung  (16, 199> 287 ) .  

These f i n d i n g s  i n d i c a t e d  t h a t  p r e c i p i t l n s  a g a in s t  " f a r m e r ' s  lung hay" 

a n t i g e n s  were c l o s e l y  a s s o c ia te d  w i t h  the  c l i n i c a l  d i s e a s e .  That  the  

r e s u l t s  o f  p r e c i p i t a t i o n  t e s t s  shou ld  be i n t e r p r e t e d  w i t h  c a u t i o n  was 

s t re s s e d  by P a r ish  (1963) who s t a t e d  t h a t  the  presence o f  p r e c i p i t a t i n g  

a n t i b o d i e s  m igh t  o n l y  be an I n d i c a t i o n  o f  exposure t o  " f a r m e r ' s  lung 

hay" a n t i g e n s  and t h a t  t h e y  m igh t  no t  be necessary  f o r  the  development 

o f  c l i n i c a l  d i s e a s e .  As a r e s u l t  o f  more recen t  work ,  i t  is  g e n e r a l l y  

accep ted  t h a t  p r e c i p i t l n s  t o  M. fa e n i  c o n f i r m  exposure to  the o rgan ism 

but  do not  c o n f i r m  the  presence o f  c l i n i c a l  f a r m e r ' s  lung In man 

(102,  109, M l ,  198).

In an e f f o r t  t o  improve upon the  e f f i c i e n c y  o f  the  doub le  

d i f f u s i o n  p r e c i p i t a t i o n  t e s t ,  im m u n o -e le c t ro p h o res Is  (198) ,  l a t e x  

a g g l u t i n a t i o n  (175) ,  complement f i x a t i o n  (211) ,  immuno-osmophoresIs 

(127) and a f l u o r e s c e n t  a n t i b o d y  t e s t  (194) have a l l  been deve loped.  

However, none would  appear t o  ho ld  any s i g n i f i c a n t  advantage over the  

doub le  d i f f u s i o n  t e s t  w i t h  the  p o s s i b l e  e x c e p t io n  o f  the  f l u o r e s c e n t  

a n t i b o d y  te c h n iq u e  wh ich  was no t  o n l y  more s e n s i t i v e  bu t  a l s o  gave some 

i n d i c a t i o n  as t o  the  a n t i b o d y  t i t r e .

DISCUSSION

When the  su rvey  o f  acu te  r e s p i r a t o r y  d isease  in a d u l t  c a t t l e  

began in 1969, I t  was dec ided  t o  use the  doub le  d i f f u s i o n  p r e c i p i t a t i o n  

t e s t  in agar gel f o r  the  d e t e c t i o n  o f  serum p r e c i p i t a t i n g  a n t i b o d y  t o  

M. f a e n i because the  t e s t  p rocedure  was s im p le ,  the  r e s u l t s  were easy 

to  i n t e r p r e t  and l a r g e  numbers o f  sera cou ld  be examined s im u l t a n e o u s l y  

I n i t i a l l y ,  a compar ison was made between the  m a c ro - t e c h n 1 que and the
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m îc r o - t e c h n îque and I t  was found t h a t  a p o s i t i v e  p r e c i p i t a t i o n  

r e a c t i o n  was d e te c te d  in abou t  tw ic e  as many sera w i t h  the  fo rmer  

t e c h n iq u e  compared w i t h  th e  l a t t e r  (59 ) .  Consequen t ly ,  the  

c o n v e n t i o n a l  m a c ro - te ch n iq ue  o f  doub le  d i f f u s i o n  was adopted f o r  a l l  

r o u t i n e  s e r o l o g i c a l  i n v e s t i g a t i o n s .

Since f a r m e r ' s  lung in c a t t l e  can p resen t  as e i t h e r  a 

herd d ise ase  (Chapter  2,  S e c t io n  1) o r  an i n d i v i d u a l  animal  c o n d i t i o n  

(Chapter  2,  S e c t io n  I I ) ,  the  d i a g n o s t i c  s i g n i f i c a n c e  o f  p r e c i p i t l n s  to  

h . f a e n i w i l l  be d iscussed  in  both  c o n t e x t s .

The p re v a le n c e  o f  p r e c i p i t l n s  in the  f o u r  herds in wh ich  

f a r m e r ' s  lung p resen ted  as a group d ise ase  was s i g n i f i c a n t l y  h i g h e r  a t  

the  end o f  the  w i n t e r  hous ing  p e r io d  than the  i n c id e n c e  in the  h e rd s ,  

sampled d u r in g  the  s e r o l o g i c a l  s u rv e y .  In wh ich  f a r m e r ' s  lung iiad 

p resen ted  as an i n d i v i d u a l  animal  d isease  (Tab le  6 2 ) .  A l s o  a t  the  

end o f  w i n t e r ,  the  p re va len ce  o f  p r e c i p i t l n s  in every  herd in  the  

s e r o l o g i c a l  su rvey  in wh ich  f a r m e r ' s  lung  had been c on f i rm e d  was 

s i g n i f i c a n t l y  h i g h e r  than t h a t  in  the  r e s t  o f  the  he rds .  T h e r e f o r e ,

I t  would appear  t h a t  when a l a r g e  p r o p o r t i o n  o f  the  a d u l t  c a t t l e  in a 

herd (70%-) have p r e c i p i t l n s  t o  M. faen i  in t h e i r  sera a t  the  end o f  

w i n t e r ,  some a n im a ls  a re  l i k e l y  t o  be s u f f e r i n g  f rom c l i n i c a l  f a r m e r ' s  

lu n g .  On the  o th e r  hand,  the  p re va le nce  o f  p r e c î p i t î n s  was a l s o  ve ry  

h ig h  in herd FLl (76%) In wh ich  f a r m e r ' s  lung had not  been con f i rm ed '  

and in  herd PS6 (69%) in wh ich  the  c o n d i t i o n  p resen ted  as a s i n g l e  

an ima1 d ise ase .  However, cough ing  was f r e q u e n t  in  both o f  these  

herds  wh ich had been fed  v e ry  mouldy hay d u r i n g  the  who le  w i n t e r  o f  

the  s e r o l o g i c a l  su rv e y .  The c l o s e  a s s o c i a t i o n  between the  p reva lence  

o f  p r e c i p i t l n s  and the  f requ ency  o f  cough ing  in th e  i n d i v i d u a l  herds 

has a l r e a d y  been noted (Chapter  3,  S e c t io n  l l ) «  C o n s id e r in g  the  herd 

as a wh o le ,  a h ig h  p r o p o r t i o n  o f  a n im a ls  w i t h  p r e c i p i t l n s  t o  M. f a e n i 

c o n f i r m s  t h a t  they  have r e c e n t l y  been fed ve ry  mouldy hay and t h a t  a 

few an ima ls  a re  l i k e l y  t o  be s u f f e r i n g  f rom f a r m e r ' s  lung a l t h o u g h  t h i :  

may not  be a ppa ren t  w h i l e  the  c a t t l e  a re  t i e d  up.

The p r e c i p i t i n  t i t r e s  were e s t im a te d  to  a s c e r t a i n  whe the r  

they  co u ld  p ro v id e  a b e t t e r  c o r r e l a t i o n  w i t h  the  s t a t u s  o f  c l i n i c a l  

f a r m e r ' s  lung  In the  i n d i v i d u a l  he rds .  P r e c i p i t i n  t i t r e s  in excess 

o f  1 /8  were found in 35 per c e n t  and 44 per cen t  o f  the  sera f rom herd:  

FL6 and FL8 r e s p e c t i v e l y  in  wh ich  f a r m e r ' s  lung had p resen ted  as a 

group d is e a s e .  On the  o th e r  hand,  27 per cen t  o f  the  t i t r e s  in  herd
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FLl were a l s o  g r e a t e r  than  1 /8  and f a r m e r ' s  lung had not  even been 

co n f i rm e d  In t h a t  h e rd .  i t  wou ld  appear  t h a t  e s t i m a t i n g  the  t i t r e  o f  

p r e c i p i t a t i n g  a n t i b o d y  does no t  r e a l l y  d i f f e r e n t i a t e  between w idespread  

c l i n i c a l  f a r m e r ' s  lung and massive re c e n t  exposure t o  M. f a en Î .

A l t h o u g h  a l l  k-S c l i n i c a l  cases d iscussed  in Chapter  2 o f  

t h i s  s tudy  had serum p r e c i p i t l n s  t o  H. f a e n i , a l a r g e  number o f  cows 

wh ich  a re  p r e c i p i t i n - p o s i t i v e  do not  show o v e r t  s ign s  o f  r e s p i r a t o r y  

d is e a s e .  In I n d i v i d u a l  a n im a l s ,  the  presence o f  p r e c î p i t î n s  does no t  

c o n f i r m  c l i n i c a l  d isease  o n l y  p re v iou s  exposure t o  M. f a e n i which meant 

t h a t  eve ry  one o f  the  c l i n i c a l  cases had been fed  mouldy hay.  In 

expe r im en ta l  c a lv e s  c o n s t a n t l y  exposed t o  mouldy hay dus t  (Chapter  5> 

Exper iments  1 and 4 ) ,  p r e c i p i t l n s  developed and m ic r o s c o p ic  le s io n s  o f  

f a r m e r ' s  lung  were found a t  necropsy  a l t h o u g h  c l i n i c a l  s igns  o f  

r e s p i r a t o r y  d isease  were a b s e n t .  T h e r e f o r e ,  p r e c i p i t l n s  t o  H. fa e n i  

do no t  o n l y  c o n f i r m  p re v io u s  exposure  t o  t h i s  m ic ro -o rg a n is m  but  a l s o  

t h a t  the  animal  has become s e n s i t i s e d .

That  cows have been o r  a re  being  fed mouldy hay and have 

p r e c i p i t l n s  t o  H. f a e n i  in  t h e i r  sera does n o t  In any way p reven t  

o t h e r  r e s p i r a t o r y  d i s o r d e r s  f rom a r i s i n g .  In severa l  cows w i t h  

p r e c i p i t i n s ,  the  ma jo r  r e s p i r a t o r y  d isease  was c h r o n i c  s u p p u r a t i v e  

pneumonia a l t h o u g h  l e s i o n s  o f  f a r m e r ' s  lung were a l s o  found a t  necropsy.  

A no th e r  animal  developed t r a u m a t i c  p e r i c a r d i t i s  w i t h  sudden onse t  

d u l l n e s s ,  a n o re x ia  and g ro an in g  r e s p i r a t i o n s ;  a g a in  l e s i o n s  o f  

f a r m e r ' s  lung were found a t  pos t -m or tem e x am ina t io n .

In herds in  wh ich  f a r m e r ' s  lung has been c o n f i r m e d ,  an 

average o f  22 per cent  o f  the  c a t t l e  w i t h  p r e c i p i t i n s  had t i t r e s  

g r e a t e r  than  1 /8  compared w i t h  11 per cent  In herds In wh ich  f a r m e r ' s  

lung  had no t  been c o n f i rm e d  (57 ) .  T i t r e s  In excess o f  1/32 were o n l y  

found in an im a ls  f rom herds in wh ich  f a r m e r ' s  lung had been c l i n i c a l l y  

and p a t h o l o g i c a l l y  co n f i rm e d  and so t i t r e s  g r e a t e r  than 1/32 co u ld  

perhaps be o f  d i a g n o s t i c  s i g n i f i c a n c e  In an I n d i v i d u a l  a n im a l .

in  the  human form o f  the  d isease  the  t i t r e  o f  p r e c i p i t a t i n g  

a n t i b o d y  t o  [j_._ f a e n î is  co n s id e re d  to  be m ere ly  an i n d i c a t i o n  o f  the 

amount o f  exposure to  mouldy hay dus t  and t o  bear no r e l a t i o n s h i p  t o  

the  s e v e r i t y  o f  the  c l i n i c a l  symptoms (111,  216) .  When c a t t l e  o f  

known M. fae n i  p r e c i p i t i n  t i t r e  were exposed to  mouldy hay a n d /o r  t o  

M. f a e n i  a n t i g e n s  under c o n t r o l l e d  c o n d i t i o n s ,  a marked c l i n i c a l
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response developed in o n l y  one cow (A1) wh ich  had a t i t r e  o f  1 /64  (207) .  

A m i l d  bu t  n e v e r t h e l e s s  obv ious  c l i n i c a l  r e a c t i o n  was produced in 

one o f  f o u r  e xp e r im en ta l  c a lv e s  g ive n  a massive exposure  t o  mouldy 

hay dus t  (Chapter  5,  Exper iment  4) and t h i s  p a r t i c u l a r  animal  (EA20) 

had the  h ig h e s t  a n t i b o d y  t i t r e  in  the  group ( 1 / 1 6 ) .  However, on being  

exposed t o  mouldy hay d us t  f o r  a second t im e ,  c a l f  EA20 d id  not  

deve lo p  a d e t e c t a b l e  c l i n i c a l  response d e s p i t e  I t s  t i t r e  rem a in in g  a t  

1 /16 .  I t  would appear t h a t  in  c a t t l e  the  h ig h e r  the  p r e c i p i t i n  t i t r e  

t o  K . fae n i  the  g r e a t e r  the  p r o b a b i l i t y  o f  a severe c l i n i c a l  response 

d e v e lo p in g  on f u r t h e r  exposure  t o  mouldy hay d u s t .

P r e c i p i t a t i n g  a n t i b o d y  t o  M. f a e n i has a l s o  been d e te c te d  in 

sera f rom c a lv e s  less  than f o u r  weeks o f  age but  t h i s  a n t i b o d y  w i l l  

have been a c q u i re d  f rom the  dam by way o f  the  c o lo s t r u m .  Serum 

samples f rom one c a l f  were examined r e g u l a r l y  and the  p r e c i p i t i n s  

became u n d e te c ta b le  when the  c a l f  v/as e i g h t  weeks o ld  (292) .  Th is  

r a t e  o f  d e c l i n e  In c o l o s t r a !  d e r i v e d  a n t i b o d y  is  s i m i l a r  t o  t h a t  o f  

P a r a in f l u e n z a  3 v i r u s  in c a lv e s  (58 ) .  Since l e s i o n s  o f  f a r m e r ' s  lung 

d ise ase  have never  been found In the  lungs o f  th e  m u l t i t u d e  o f  ca lv e s  

less  than t h r e e  months o f  age examined a t  necropsy a t  the  Glasgow 

V e t e r i n a r y  School (2 92 ) ,  i t  can be s t a t e d  t h a t  these c a lve s  d id  not  

become s e n s i t i s e d  f o l l o w i n g  the  i n h a l a t i o n  o f  mouldy hay d u s t .

The presence o f  p r e c i p i t l n s  t o  M. fa e n i  does no t  c o n f i r m  

c l i n i c a l  f a r m e r ' s  lu ng  in  c a t t l e  and n e i t h e r  does the  I r -absence  

i n d i c a t e  f reedom from the  d is e as e .  Fa rm er 's  lung has been diagnosed 

c l i n i c a l l y  and t y p i c a l  l e s i o n s  found a t  necropsy in  severa l  cows in  

wh ich  dem ons t rab le  l e v e l s  o f  p r e c i p i t i n s  t o  M. fa e n i  were not  found 

(292 ) ,  In one i n c i d e n t  i n v o l v i n g  26 m i l k i n g  cows, p r e c i p i t i n s  a g a i n s t  

15 e x t r a c t s  prepared  f rom the  v a r i o u s  f o o d s t u f f s ,  f i v e  spec ies  o f  

A s p e rg 111 us and H. fae n i  were not  d e te c te d  In any o f  the  se ra .  I t  may 

have been t h a t  the  doub le  d i f f u s i o n  t e s t  was no t  s u f f i c i e n t l y  

s e n s i t i v e  t o  d e t e c t  the  ve ry  low t i t r e s  o f  a n t i b o d y  p re s e n t .  However, 

i f  the  t i t r e s  were so low as to  be u n d e te c ta b le  then i t  is  l i k e l y  t h a t  

t h a t  s p e c i f i c  a n t i g e n  was no t  i n v o lv e d  in the  a e t i o l o g y  o f  the syndrome, 

A l t h o u g h  p r e c i p i t i n s  to  M. f a eni  can become u n d e te c ta b le  f o l l o w i n g  a 

p e r io d  o f  s i x  months w i t h o u t  exposure  to  the  a l l e r g e n s '  (Chapter  3,  

S e c t io n  I I ) ,  the sera r e f e r r e d  t o  above were examined w h i l e  the  an im a ls  

were i l l .

For r o u t i n e  s e r o l o g i c a l  d i a g n o s t i c  work a t  l e a s t  two s tandard
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a n t i g e n i c  p r e p a r a t i o n s  o f  M. fa e n i  shou ld  be used s in c e  the method o f  

a n t i g e n  p r e p a r a t i o n  can lead t o  c o n s id e r a b le  d i f f e r e n c e s  in the  numbers 

o f  sera c o n s id e re d  to  be p o s i t i v e  (59) .  Th is  v a r i a t i o n  in  a n t i 

g e n i c i t y  does not  appear  t o  be due to  s t r a i n  d i f f e r e n c e s  s in ce  Edv;ards 

(1972) found ve ry  l i t t l e  a n t i g e n i c  v a r i a t i o n  between s t r a i n s  i s o l a t e d  

in  f o u r  d i f f e r e n t  c o u n t r i e s .  i t  may be due t o  v a r i a t i o n s  in the  

enzyme c o n te n t  o f  the  v a r i o u s  a n t i g e n i c  f r a c t i o n s  s in c e  i t  has been 

shown t h a t  most M. f a e n i  a n t i g e n s  have enzymat ic  a c t i v i t y  (29) .

I d e a l l y ,  r e f e r e n c e  a n t i g e n  p r e p a r a t i o n s  and p o s i t i v e  bov ine  sera 

shou ld  be a v a i l a b l e ,  so t h a t  r e s u l t s  o b ta in e d  f rom d i f f e r e n t  l a b o r a 

t o r i e s  can be compared and e v a lu a te d .  T h is  is  necessary  because the  

a n t i g e n i c  p r e p a r a t i o n s  bes t  s u i t e d  f o r  r o u t i n e  d i a g n o s t i c  work w i t h  

human sera were no t  those  i d e a l l y  s u i t e d  f o r  work w i t h  bov ine  sera 

(59 ) .

The obv ious  e x p l a n a t i o n  f o r  a n e g a t i v e  H. f a e n i  p r e c i p i t a t i o n  

r e a c t i o n  i s  t h a t  some o th e r  m ic r o - o r g a n is m  is  r e s p o n s ib l e  f o r  the 

r e s p i r a t o r y  s ig n s .  As y e t  o n l y  the  r o l e  o f  iM. fa e n i  has been 

i n v e s t i g a t e d  e x t e n s i v e l y  In c a t t l e  (185,  205, 2 06 , 2 9 1 ) ,  a l t h o u g h  t h r e e  

spec ies  o f  t h e r m o p h i l i c  a c t în o m y c e te  (T.  v u l g a r i s . Thermonospora 

v i r l d i s  and A c i n o b l f i d a d ic h o to m lc a )  in a d d i t i o n  t o  M. fa e n i  have been 

a s s o c ia te d  wi t l i  f a r m e r ' s  lung in man (145) .  There is  every  reason t o  

suppose,  t h e r e f o r e ,  t h a t  M. fa e n i  i s  no t  the  s o le  cause o f  f a r m e r ' s  

lung in B r i t i s h  c a t t l e .  Wenzel and o th e rs  (1974) have r e c e n t l y  

re p o r te d  t h a t  39 per  cen t  o f  t h e i r  p o s i t i v e  sera f rom human p a t i e n t s  

would have been c o ns id e re d  n e g a t i v e  had M. faeni. a lo ne  been used t o  

examine the  se ra .  Hence, they  advocated t h a t  a panel o f  a n t i g e n s  

be used f o r  r o u t i n e  s e r o l o g i c a l  i n v e s t i g a t i v e  work .

Some c l i n i c a l  cases o f  f a r m e r ' s  lung may not  produce a 

p o s i t i v e  p r e c i p i t a t i o n  r e a c t i o n  w i t h  H. faen i  a n t i g e n s  because o f  

v a r i a t i o n  in the  a f f i n i t y  o f  the  a n t i b o d i e s .  I t  i s  known t h a t  t h i s  

can a f f e c t  the  pa thogenes is  o f  d isease  in o th e r  systems (276) .

F i n a l l y ,  some c a t t l e  c o u ld  deve lo p  c l i n i c a l  s ign s  o f  f a r m e r ' s  

lung  a f t e r  massive exposure  t o  mouldy hay because they  possess a ve ry  

l a b i l e  a l t e r n a t i v e  pathway o f  complement a c t i v â t  longea has been 

suggested w i t h  p igeon f a n c i e r ' s  lung  in man (28 ) .  I t  has a l r e a d y  been 

c on f i rm e d  t h a t  dus t  a lo n e  can induce the  onset  o f  c l i n i c a l  symptoms in 

M. fa e n i  p r e c i p i t i n - n e g a t i v e  f a r m e r ' s  lung  p a t i e n t s  by s t i m u l a t i n g  the  

a l t e r n a t i v e  pathway (98) .



The e x a m in a t io n  o f  sera f o r  p r e c i p i t i n s  t o   i s the

o n l y  l a b o r a t o r y  t e s t  in  r o u t i n e  use f o r  the d ia g n o s is  o f  f a r m e r ' s  lung 

in  c a t t l e .  However the  r e s u l t  o f  th e  p r e c i p i t i n  t e s t  shou ld  no t  be 

the  s o le  c r i t e r i o n  on wh ich  the  d ia g n o s i s  o f  f a r m e r ' s  lung is  made 

a l t h o u g h  the  presence o r  absence o f  p r e c i p i t i n s  can a s s i s t  a c l i n i c i a n  

in possess ion  o f  r e l e v a n t  c l i n i c a l  and e p i d e m io lo g i c a l  d e t a i l s  t o  make 

a d i a g n o s i s .
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S E C T I O N  I I I

THE USE OF RADIOLOGY IN THE 

DIAGNOSIS OF FARMER'S LUNG IN CATTLE

INTRODUCTION

R a d io log y  has been an Im por tan t  a i d  in the  d ia g n o s is  o f  

f a r m e r ’ s 1 ung in man s in c e  the  c o n d i t i o n  was f i r s t :  d es c r ib e d  (40,  75, 

202).  These e a r l y  wo rke rs  r e p o r te d  t h a t  t h e  r a d i o l o g i c a l  changes,  

wh ich  ranged f rom f i n e  s t i p p l i n g  to  course  g r a n u la r  m o t t l i n g ,  were 

most in te n s e  in the  basal  a reas  near the  hi 1 urn. In severe  cases ,  

t h e r e  was an o v e r a l l  i n c re a s e  in  o p a c i t y  wh ich  faded t o  a f i n e  g r a n u la r  

m o t t l i n g  around the  p e r i p h e r y  o f  the  lung f i e l d s  (251) .  W i th  c o n t i n 

ued exposure ,  t h e r e  was ev id ence  o f  pulmonary f i b r o s i s ,  pulmonary 

emphysema and even o f  pulmonary h y p e r t e n s io n  (86 ) .

The i n t e r p r e t a t i o n  o f  t h o r a c i c  ra d io g ra p h s  is  much more 

d i f f i c u l t  in  the  bov ine  than in  the  human because l a t e r a l  exposures  

o n l y  can be taken and so the  depth  o f  t i s s u e  th rou gh  wh ich  the  x - r a y s  

have to  p e n e t r a te  i s  r e l a t i v e l y  mass ive .  The a n t e r o - v e n t r a 1 p a r t s  o f  

both  lung  f i e l d s  a re  t o t a l l y  obscured by the  h e a r t  and by the  bone and 

muscle shadows o f  the  f o r e - l i m b s .  Consequen t ly ,  o n l y  the  d o rsa l  and 

p o s t e r i o r  p a r t s  o f  the  lungs  can be s t u d ie d .  A f u r t h e r  c o m p l i c a t i o n  

is  t h e  super i m p o s i t i o n  o f  l e s i o n s  p re sen t  in  one lung  on those  o f  the  

o th e r  lu n g .

In s p i t e  o f  these  d i f f i c u l t i e s ,  ra d io g ra p hs  f rom 21 o f  the  

45 cases in t h i s  s e r i e s  were taken  In o r d e r  t o  a s c e r t a i n  whether 

changes c o u ld  be seen in the  lungs  and a l s o  t o  f i n d  ou t  whe the r t h i s  

t e c h n iq u e  m igh t  be o f  use in the  d ia g n o s is  o f  f a r m e r ’ s lung in c a t t l e .

MATERIALS AMD METHODS

Stan d ing  l a t e r a l  ra d io g ra p h s  o f  the  t h o r a x  were taken w i t h  

the  x - r a y  beam c e n t r e d  o ve r  the  s i x t h  r i b ,  mid-way between the  

p o s t e r i o r  a n g le  o f  the  scapu la  and the  o le c ra n o n  process o f  the  u lna  

Th is  p ro v id e d  a good p r o j e c t i o n  o f  the  d iaphragmat ic ,  lobes and the  

d o rsa l  p a r t s  o f  the  c a r d i a c  lobes  in most i n s ta n c e s .

P o s i t i o n i n g  was g r e a t l y  f a c i l i t a t e d  by the use o f  a l i n k e d  

x - r a y  tube  and image i n t e n s i f i e r  suspension  system (Siemen 3D
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Suspension System, Siemens Akt; Î engesel 1 schaf  t , Kat*1sruhe,  West Germany) , 

wh ich  was f i t t e d  w i t h  a c a s s e t t e  h o ld e r  (149) .  T h is  a l lo w e d  the  

x - r a y  tube t o  be p o s i t i o n e d  a c c u r a t e l y  w h i l e  the  c a s s e t t e  remained 

c e n t re d  on the  x - r a y  beam.

Par speed 35 .6  x 43 .2  cm f i l m  and screens (Kodak L t d . ,

London) were used in c o n j u n c t i o n  w i t h  a focused g r i d  ( g r i d  I ' a t i o  1 0 :1 ,

44 l i n e s / c m ) .  A l t h o u g h  exposure  f a c t o r s  v a r i e d  w i t h  i n d i v i d u a l  

a n im a l s ,  i n i t i a l l y  they  were w i t h i n  the  range 45**55 kV and 80-130 m.As 

a t  a f i l m  focus d i s t a n c e  o f  100 cm. However, in some s u b je c t s  

r e s p i r a t o r y  movement was a problem and r a d io g r a p h i c  c o n t r a s t  tended to  

be e x c e s s i v e .  The use o f  a h i g h e r  kV (70-75 kV) in  subsequent  

exam ina t ions  a l lo w e d  the  mAs t o  be reduced (32-40 mAs); t h i s  lessened 

the  r i s k  o f  movement b l u r  and gave an improved l a t i t u d e  in r a d io g r a p h i c  

c o n t r a s t .

Radiographs  o f  s i x  cases o f  acu te  f a r m e r ' s  lu n g ,  15 cases

o f  c h r o n i c  f a r m e r ' s  lung  and one c u l l  cow were taken .

RESULTS

Normal cow ( F ig u re  7)

i t  can be seen t h a t  o n l y  the  d ia p h ra g m a t i c  lobes and the  

d o rsa l  p a r t s  o f  the  a p i c a l  and c a r d ia c  lobes can be m e a n in g f u l l y  

examined.  Compared w i t h  man, c a t t l e  have a ve ry  obv ious  broncho 

v a s c u l a r  p a t t e r n  and the  main d ia p h ra g m a t i c  bronchus can be i d e n t i f i e d  

e a s i l y  as i t  passes d o rso -cau d a1 1 y in the  do rsa l  t h i r d  o f  the  d i a 

ph ragmat ic  lo b e .  As the  b ronch i  and pulmonary v e sse ls  run t o g e t h e r ,  

the  ve s s e ls  cannot  be d i s t i n g u i s h e d  i n d i v i d u a l l y .  The b roncho- 

v a s c u l a r  s u b - d i v i s i o n s  can be seen r a d i a t i n g  over the  lung f i e l d  In 

a f a n - l i k e  manner f rom the  main bronchus and they  can g e n e r a l l y  be 

t r a c e d  t o  the second or t h i r d  branch .  The a o r t a ,  p o s t e r i o r  vena cava

and t rachea  can a l s o  be I d e n t i f i e d .

C u l l  10 (F ig u re  8)

T h is  case had not  been t r e a t e d  f o r  any r e s p i r a t o r y  

d i s o r d e r  but  had been l o s i n g  w e ig h t  d u r in g  two success ive  w i n t e r  

hous ing  p e r i o d s .  On adm iss ion  In May, she was s l i g h t l y  tach ypnoe ic  

(Resp. Rate ~ 3 0 / m i n u t e ) ,  s l i g h t l y  h ype rpnoe lc  and she coughed 

occas i o n a l 1 y .
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There  i s  an in c re a se  in the  p e r i b r o n c h i a l  r e a c t i o n  compared 

w i t h  the  ra d iog ra p h  taken o f  the  h e a l t h y  cow. There is some lo ss  o f  

r a d io l u c e n c y  in the  a n t e r o - v e n t r a !  p a r t s  o f  the  d ia p h ra g m a t i c  lobes and 

more o b v i o u s l y ,  around the  d o rs a l  p a r t  o f  the  c a r d i a c  lo bes .

Case CIO (F igu re  9 ) -

T h i s  case had not  been t r e a t e d  f o r  any r e s p i r a t o r y  d 1sorder  

and in May, d u r in g  th e  s e r o l o g i c a l  su rvey ,  she was n o t i c e d  t o  be 

hype rp noe lc  and cough ing .  On adm iss ion  in Oc tober ,  she was no t  

t a c h y p n o e ic  (Resp. Rate -  2 5 /m inu te )  bu t  she was s l i g h t l y  h ype rpnoe lc  

and she had an o c c as ion a l  n o n - p r o d u c t i v e  cough.

Some decrease  in r a d io l u c e n c y  can he seen a\: the  a n t e r o - 

v e n t r a l  p a r t s  o f  the  p l a t e  and the  per I - b r o n c h i a l  r e a c t i o n  is  more 

obv ious  than w i t h  C u l l  10, As w e l l  as an inc reased number o f  small  

b r o n c h i o l e s ,  t h e r e  is  some e v idence  o f  m o t t l i n g  e s p e c i a l l y  d o r s a l l y  and 

what a l s o  appears t o  be smal l  n od u le s .

Case AB ( f i g u r e  10)

T h is  case developed sudden onse t  r e s p i r a t o r y  d i s t r e s s  wh ich  

appeared to  be b ro ugh t  on by e x e r c i s e  soon a f t e r  she was put  o u t  t o  

g raze in the  e a r l y  summer. On a dm iss io n  t h r e e  months l a t e r ,  she was 

ta c h y p n o e ic  (Resp, Rate ™ 5 0 / m i n u t e ) ,  g r o s s l y  hype rpn oe lc  and she had 

a f r e q u e n t  p r o d u c t i v e  cough.  B i l a t e r a l  c r a c k le s  and rhonch i  were heard 

a n t e r o - v e n t r a ] l y ,

There i s  g e n e r a l i s e d  lo s s  o f  ra d io l u c e n c y  e s p e c i a l l y  around 

the  b i f u r c a t i o n  o f  the  t r a c h e a .  The r a d i a t i n g  small  b ronch i  and 

b r o n c h io l e s  a re  ve ry  obv ious  as Is the  g r a n u l a r ,  g e n e r a l i s e d  m o t t l i n g  

o ve r  the  who le  lung f i e l d .  There would  appear t o  be severa l  d i s t i n c t  

nodu les in the  d o r s a l ,  p o s t e r i o r  p a r t s  o f  the  d i a p h ra g m a t i c  lo b e s .

Case C2G (F Igu re  11)

T h is  case had no t  been t r e a t e d  f o r  r e s p i r a t o r y  d isease  bu t  

t h e  fa rm er  recogn ised  t h a t  "she  was go ing  the  same way as her  s t a l l -  

■mate", case A8„ On adm is s io n  in Oc tober ,  she was tach yp no e ic  

(Resp. Rate = 5 0 / m i n u t e ) ,  g r o s s l y  h ype rpnoe lc  and she had a f r e q u e n t ,  

harsh p r o d u c t i v e  cough.  B i l a t e r a l  c r a c k le s  c o u ld  be heard but  rhonch i  

c ou ld  o n l y  be d e te c te d  on the  r i g h t  s id e .

There Is comp le te  and g e n e r a l i s e d  lo s s  o f  r a d io l u c e n c y ,
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e s p e c i a l l y  around the  b ronch i  and pulmonary v e s s e l s  in the  m id -c h e s t  

a re a .  T h is  change becomes p r o g r e s s i v e l y  less  obv ious  towards the 

p o s t e r i o r  o f  the  d ia p h r a g m a t1c lo b e s .  There is e x te n s i v e  coarse  

m o t t l i n g  and one o r  two nodu les  appear  t o  be p resen t  in  the  caudal  

a reas  o f  th e  d ia p h ra g m a t i c  lo b e s .

Case A l 5 (F ig u re  12)

T h is  was an o l d  cow wh ich  developed a c u te  r e s p i r a t o r y  

d i s t r e s s  in  March.  On a d m is s io n ,  she. was ta ch yp no e ic  (Resp. Rate -  

4 0 / m i n u t e ) ,  m o d e ra te ly  hype rp n o e lc  and she had an o c c a s i o n a l ,  non

p r o d u c t i v e  cough..

The ra d io g ra p h  was taken  5 days a f t e r  the  a c u te  ep iso d e .

The most s t r i k i n g  f e a t u r e  is the  w idespread  u n i f o r m  g r a n u l a r  m o t t l i n g .

There is  a l s o  an Increased p e r i - b r o n c h i a l  r e a c t i o n .

Case A l 7 ( F ig u re  13)

T h is  was the  younges t  case ,  a two year o l d  h e i f e r ,  wh ich  had 

expe r ie nced  two a cu te  f a r m e r ' s  lu ng  ep isodes in a t h r e e  week p e r io d  In 

A p r i l .  On a d m is s io n ,  she was s l i g h t l y  tac h y p n o e ic  (Resp. Rate -  30/  

m i n u t e ) ,  s l i g h t l y  h ype rp n o e lc  and she had an o c c a s io n a l  n o n - p r o d u c t i v e  

cough.  B i l a t e r a l  rhonch i  were d e te c te d  a n t e r o - v e n t r a 11 y but  c r a c k le s  

were o n l y  heard on the  l e f t  s i d e .  The ra d iog ra p h  was taken t h r e e  

days a f t e r  the  a c u te  ep isode .  There has been some lo ss  o f  

r a d io l u c e n c y  ove r  the  who le  v i s i b l e  lung f i e l d ,  bu t  e s p e c i a l l y  

a n t e r i o r  and v e n t r a l  t o  t h e  ma jo r  d ia p h ra g m a t i c  b ronchus.  There is  

a l s o  ev id ence  o f  an in te n s e  p e r i - b r o n c h i a l  r e a c t i o n  wh ich  appears t o  

be most severe in the m id d le  o f  the  p l a t e .  Some m o t t l i n g  can a l s o  

be a p p r e c ia te d  In th e  a n t e r o - v e n t r a l  p a r t s  o f  the  d ia p h ra g m a t i c  l o b e s .

The s e v e r i t y  o f  the  r a d i o l o g i c a l  changes in the  I n d i v i d u a l  

cases was assessed as e i t h e r  m i l d ,  moderate o r  severe  and then com

pared t o  the  s e v e r i t y  o f  d i se ase  as judged by the  c l i n i c a l  s ign s  

(Tab le  6 3 ) .  There was a good c o r r e l a t i o n  between the  degree o f  

r a d i o l o g i c a l  change and the  s e v e r i t y  o f  the  c l i n i c a l  s ign s  In two 

o f  the  a c u ta  cases (30%) and in e i g h t  c h r o n i c  cases (53%). The 

ra d io g ra p hs  I n d i c a t e d  the  presence o f  a less  severe  r e s p i r a t o r y  

c o n d i t i o n  than was suspected  by c l i n i c a l  e xam ina t io n  in e i g h t  o f  the 

re m a in ing  11 an im a ls  ( 73%) and a more severe  d isease  in  the  o th e r  

t h r e e .  D i f f u s e  pulmonary f i b r o s i s  was suspected  in cases A15, A17, 

C20 and C25 because o f  the  g e n e r a l i s e d  loss  o f  r a d io l u c e n c y .
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T A B L E  63

A compar ison o f  the  s e v e r i t y  o f  f a r m e r ' s  lung  in c a t t l e  as 

assessed by r a d i o l o g y  and by c l i n i c a l  e x a m in a t io n .

Case No. R a d io l o g i c a l  Score Comments C l i n i c a l  Score

A8 +4- E a r l y  cor  pulmonale +4-i-

A 9 +

A 1 0 4-1- 4*4'

A15 -H - D i f f u s e  f i b r o s i s ?  -t

A 16 4- Cor pulmonale 4-4-4-

Al  7 4-4- D i f f u s e  f i b r o s i s ?  4-1-

C b -H- 44-

C 9  -H -  -t*i-

C1 0 4- 4-

C l l  4 “

C12 -1-4- -i-t

C1 3 4- 44-

C14 4- -r-t

C15 4- 4

C1 6 4-1- 4 4-

C20 4- 4-4 -  D i f f u s e  f i b r o s i s ?  4- 4- 1-

C21 4-4- Cor pulmona le 4-4-4-

C23 4- 44-

C25 4-  D i f f u s e  f i b r o s i s ?  4 - 4 -

C 26 -t -4

027 4- 4-

Cu 1 1 1 0 4- -1-

4 m i l d
4-4- moderate
-H-H severe
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D I S C U S S I O N

The e a r l i e s t  a p p r e c i a b l e  r a d i o l o g i c a l  change was an in c rease  

in  the  degree o f  p e r i - b r o n c h i a l  th iclce.n ing and the  d e l i n e a t i o n  o f  many 

smal l  a i rw a ys  which a re  n o t  n o r m a l l y  v i s i b l e .  The p e r i - b r o n c h i a l  

r e a c t i o n  was the  r e s u l t  o f  an in te n s e  c e l l u l a r  I n f i l t r a t i o n  wh ich  was 

found a t  necropsy t o  be one o f  the  ma jo r  p a t h o l o g i c a l  f e a t u r e s  o f  the  

cases in t h i s  s e r i e s  (Chapter  4 ,  S e c t io n  V).  As the  s e v e r i t y  o f  the  

c l i n i c a l  d isease  in c re a s e d ,  the  m o t t l i n g  became widespread  and a l s o  

more g r a n u l a r .  In the  most s e v e r e l y  a f f e c t e d  cases ,  t h e r e  was an

o v e r a l l  in c re ase  in the  r a d i o - o p a c i t y  wh ich was most obv ious  around the  

m a jo r  b ronch i  and v e s s e l s .

I t  has been suggested t h a t  t h e  w id esp read ,  f i n e  m o t t l i n g  

wh ich  is  so c h a r a c t e r i s t i c  o f  the  a cu te  s tage o f  f a r m e r ' s  lung in man 

r e s u l t s  f rom th e  presence o f  g ranu lcmata  (86,  247).  A l t h o u g h  r e fe r e n c e  

has been made t o  a pp a ren t  " n o d u le s "  on some o f  the  ra d io g ra p h s  in t h i s  

s e r i e s ,  I t  is  most u n l i k e l y  t h a t  the y  co rrespond  t o  the  smal l  g r a n u l o -  

mata (1-2 mm in d ia m te r )  wh ich  were seen th r o u g h o u t  t h e  lungs  a t  

nec ropsy .  The " n o d u l e s "  seen on these ra d io g ra p hs  were more l i k e l y  

t o  have been pulmonary ve s s e l s  v iewed end-on.  On the  o th e r  hand,  the  

v e ry  c o a rs e ,  g r a n u la r  m o t t l i n g  seen in case A l 5 (F ig u re  12) was a lm os t  

c e r t a i n l y  produced by the  v e ry  l a r g e  number o f  " a s t e r o i d  b o d ie s "

(2-5 mm in d iam e te r )  th ro u g h o u t  the  lun gs .  Large  numbers o f  these  

" a s t e r o i d  b o d ie s "  can be seen j u s t  under the  p le u ra  o f  the  lungs o f  

case Ai 5 (F i g u re  12) .

In man, the  r a d i o l o g i c a l  a b n o r m a l i t i e s  may have c le a re d  

w i t h i n  t h r e e  weeks o f  a s i n g l e  a c u te  a t t a c k  (109,  169),  a l t h o u g h  

p h y s i o l o g i c a l  a b n o r m a l i t i e s  can s t i l l  remain and the  p a t i e n t  can s t i l l  

f e e l  b r e a t h le s s  (6o).  However, in  case A l 7 ( F ig u re  13) wh ich  had 

expe r ie n ced  two a c u te  ep isodes  in the  t h r e e  weeks p r i o r  t o  her  be ing  

a d m i t t e d ,  f i n e  c r a c k le s  were heard on a u s c u l t a t i o n  a n t e r o - v e n t r a 11 y 

where the  loss  o f  r a d io l u c e n c y  was g r e a t e s t .  There was a l s o  an 

i n te n s e  p e r i - b r o n c h i a l  r e a c t i o n  in t h i s  case.  These c l i n i c a l  and 

r a d i o l o g i c a l  f i n d i n g s  i n d i c a t e  t h a t  case A l 7 was p ro ba b ly  in the  sub

a c u te  s tage  o f  the  d is e a s e .

Only in the  c h r o n i c  form o f  the  d isease  was t h e r e  a f a i r l y  

good c o r r e l a t i o n  between the  r a d i o l o g i c a l  and c l i n i c a l  f i n d i n g s  

whereas In man, the  c l i n i c a l  symptoms and r a d i o l o g i c a l  f i n d i n g s  

c o r r e l a t e  c l o s e l y  o n l y  In the  a cu te  s tage  (109, 213) .  The
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r a d i o l o g i c a l  changes d e te c te d  in severe  cases o f  c h r o n i c  f a r m e r ' s  

lung were s i m i l a r  to  those  o f  d i f f u s e  f i b r o s i n g  a l v e o l i t i s  in c a t t l e  

(209) .  Al  thou g hi t h i s  i s  a l s o  t r u e  in the  human, d i f f e r e n t i a t i o n  can

be made because pulmonary f i b r o s i s  o c c u r r i n g  as a r e s u l t  o f  e x t r i n s i c  

a l l e r g i c  a l v e o l i t i s  ( f a r m e r ' s  lung) tends t o  be most severe  in the  

d o rsa l  p a r t s  o f  the lu n g s ,  whereas pulmonary f i b r o s i s  as a r e s u l t  o f  

d i f f u s e  ( c r y p t o g e n i c )  f i b r o s i n g  a l v e o l i t i s  is  most severe  in the  

v e n t r a l  p a r t s  (52,  112 ).  A t  p r e s e n t ,  i t  is no t  c e r t a i n  whe the r  the  

d i s t r i b u t i o n  o f  pulmonary f i b r o s i s  in  c a t t l e  is  d ise ase  dependent .

But even i f  i t  were ,  the  l i m i t e d  area o f  the  lungs wh ich  can be 

examined p r o p e r l y  p re c lu d e s  any d i f f e r e n t i a t i o n  between e x t r i n s i c  

a l l e r g i c  a l v e o ï î t s  and d i f f u s e  f i b r o s i n g  a l v e o l i t i s  be ing  a t te m p ted  

by r a d i o l o g i c a l  e x a m in a t io n  a lo n e .

Many o f  the  o r i g i n a l  human p a t i e n t s  w i t h  f a r m e r ' s  lung were 

i n i t i a l l y  d iagnosed as s u f f e r i n g  f rom pulmonary t u b e r c u l o s i s  (75,  202,  

251) because o f  the  c l i n i c a l  and r a d i o l o g i c a l  s i m i l a r i t y  between these  

two c o n d i t i o n s .  R e c e n t l y  a t  t h i s  v e t e r i n a r y  s c h o o l ,  a d ia g n o s i s  o f  

d i f f u s e  f i b r o s i n g  a l v e o l i t i s  was made a f t e r  the  exam in a t io n  o f  a 

ra d iog ra p h  f rom a cow w i t h  c h r o n i c  r e s p i r a t o r y  d is e a s e .  However, a t  

n ec rop sy ,  she was found t o  have w idespread pulmonary t u b e r c u l o s i s .

I t  has been p o s s i b l e  to  d e t e c t  s i g n i f i c a n t  r a d i o l o g i c a l  

changes In cases o f  f a r m e r ' s  lung  in c a t t l e  d e s p i t e  the  obv ious  

l i m i t a t i o n s  o f  the  te c h n iq u e .  A b n o r m a l i t i e s  have a l s o  been d e te c te d  

in  o th e r  pulmonary d iseases  o f  c a t t l e  (149) but  i t  i s  t o o  e a r l y  t o  

know whe ther r a d i o l o g y  w i l l  ever  be u s e fu l  in the  d i f f e r e n t i a l  

d ia g n o s i s  o f  bov ine  r e s p i r a t o r y  d is e a s e .
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SECTION IV

THE USE OF SKIN TESTS IN THE 

DIAGNOSIS OF FARMER'S LUNG IN CATTLE

INTRODUCTION

F a rm e r 's  lung  was i n i t i a l l y  though t  t o  be a t r u e  pulmonary 

mycosis  (75,  76) and,  a t  t h a t  t im e ,  suspected  cases o f  b roncho-m ycos is  

were r o u t i n e l y  i n j e c t e d  i n t r a - d e r m a l  1 y w i t h  funga l  m a t e r i a l  (7 6 ) .

I t  appeared t h a t  fun g i  were indeed r e s p o n s ib l e  f o r  the  development o f  

f a r m e r ' s  lung s in c e  Fawc i t t  (1938) re p o r te d  t h a t  p o s i t i v e  in t ra -d e rm a  1 

t e s t s  had been produced w i t h  p r e p a r a t i o n s  o f  Mucor spec ies  and 

P é n i c i l l i u m  s p e c ie s .  S ub se que n t ly ,  F u l l e r  (1953),  S tu d d e r t  (1353) and 

W i l l i a m s  (1963) were unab le  t o  d i f f e r e n t i a t e  p a t i e n t s  w i t h  f a r m e r ' s  

lung  f rom those  w i t h  o th e r  r e s p i r a t o r y  d iseases  a f t e r  bo th  groups had 

been i n j e c t e d  i n t r a - d e r m a l l y  w i t h  e x t r a c t s  o f  d i f f e r e n t  hays and fu n g i  

because o f  the  n o n - s p e c i f i c  I r r i t a n t  e f f e c t  o f  the  p r e p a r a t i o n s  used.

For t h i s  reason,  s k i n  t e s t i n g  has never been used e x t e n s i v e l y  as an 

a i d  t o  the  d ia g n o s is  o f  f a r m e r ' s  lung  in man (275) .

I t  was dec ided  t o  i n v e s t i g a t e  whether an i n t r a - d e r m a l  

i n j e c t i o n  o f  M. f aeni  a n t i g e n s  c o u ld  produce a d e t e c t a b l e  s k in  r e a c t i o n  

in  cases o f  f a r m e r ' s  lung in c a t t l e  and i f  so,  t o  a s c e r t a i n  whether t h i s  

r e a c t i o n  was s p e c i f i c .

MATERIALS AND METHODS

(a) S e l e c t i o n  o f  an im a l s

Sk in  t e s t s  were per fo rmed on n in e  c a t t l e  wh ich  had p r e c i p i t 

a t i n g  a n t i b o d i e s  t o  M. faen i  in t h e i r  se ra .  E ig h t  o f  these  

an im a ls  (Ai , A2,  A3,  A4,  C l ,  03,  C4, 05) were a d m i t te d  to the  

V e t e r i n a r y  School because they  were s u f f e r i n g  f rom a r e s p i r a t o r y  

d isease  co ns ide re d  t o  be f a r m e r ' s  lung .  The n i n t h  cow (Cu l l  1) 

had been c u l l e d  f rom the  same herd as case A2 b u t  on a d m is s io n ,  no 

ev id ence  o f  c l i n i c a l  r e s p i r a t o r y  d isease  was d e te c te d .

A s c r i e s  o f  12 a d u l t  c a t t l e  (PNCl-12) f r e e  f rom c l i n i c a l  

s ig ns  o f  r e s p i r a t o r y  d ise ase  and l a c k i n g  d e t e c t a b l e  M. fa e n i  

were each used as c o n t r o l s .  These an im a ls  were used f o r  one 

expe r im en t  o n l y .



( b) P r e p a ra t i o n  o f  M i c r o po1 ys po r a f a eju a n t i g e n s

The f o u r  a n t i g e n i c  p r e p a r a t i o n s  o f  H. fa e n i  were d e r i v e d  

f rom s t r a i n  IM! 134062 (Commonwealth H y c o lo g i c a l  I n s t i t u t e ,

Kew). The methods o f  p r e p a r a t i o n  o f  the  d i f f e r e n t  a n t i g e n s  

are g ive n  in Tab le  64,  A f t e r  e x t r a c t i o n  Ag 42,  Ag 113 and Ag 117 

were S e i t z  f i l t e r e d ,  d ia l y s e d  a g a in s t  runn ing  ta p  w a te r  f o r  36 

hours and m i l l i p o r e  f i l t e r e d  (pore s i z e  ~ 0 .45  jJm), A l l  

a n t i g e n i c  p r e p a r a t i o n s  were f r e e z e - d r i e d  and r e c o n s t i t u t e d  w i t h  

s t e r i l e  s a l i n e  im m ed ia te ly  b e fo re  use.

(c) Procedure f o r  s k in  t e s t i n g

A t u b e r c u l i n  s y r i n g e  was used to  d e l i v e r  0.1 ml o f  M. fa e n i  

s o l u t i o n  i n t o  t h e  shaven s k in  on the  do rsa l  p a r t  o f  the  a n i m a l ' s  

t h o r a x .  The d i l u t i o n s  o f  a n t i g e n ,  the  number o f  i n j e c t i o n s  and 

the  s i z e  o f  the  subsequent  s k in  r e a c t i o n s  a re  g iven  in the  t a b l e  

r e f e r r i n g  t o  t h a t  p a r t i c u l a r  e xpe r im e n t .  In a d d i t i o n  t o  the 

H. fae n i  i n j e c t i o n s ,  every  animal  was g iven  d u p l i c a t e  I n t r a -  

dermal i n j e c t i o n s  o f  s t e r i l e  normal s a l i n e ,  V/hen a s k in  r e a c t i o n  

deve loped ,  the edge o f  the  s w e l l i n g  was marked and the  d iam ete r  o f  

the  r e a c t i o n  re co rded .  The s i z e  o f  the s k in  r e a c t i o n s  was 

recorded  a t  15 m in u te s ,  a t  h o u r l y  i n t e r v a l s  f o r  s i x  or  seven hours 

and a t  24,  48 and 72 hours p o s t - i n j e c t i o n  a p a r t  f rom the  f i r s t  

expe r im en t  w i t h  Ag 42 when the  r e a c t i o n s  were examined a t  f i v e  

hours p o s t - i n j e c t  ion o n l y  because t h i s  was a p r e l i m i n a r y  s tu d y ,

(d) Procedure f o r  s k in  b iops  i es

The t ime p o s t - i n j e c t i o n  chat  the  s k in  b io p s ie s  were removed 

and the  an im a ls  f rom wh ich  they  were taken a re  g iven  in Table  65 .  

The specimens were f i x e d  in B c u i n ’ s f l u i d ,  embedded in p a r a f f i n  

wax, s e c t i o n e d  a t  8 m ic rons  and s ta in e d  w i t h  haem a toxy l in  and 

eos i n .

(e) E s t im a t i o n  o f  t i t r e  o f  p r e c i p i t a t i n g  a n t i b o d y  to  M I c r opoi y spora 
faen 1

The method o f  M. fa e n i  a n t i g e n  p ré p a r â t  ion and the  immuno

d i f f u s i o n  te c h n iq u e  were as d e sc r ib e d  in Chapter  3,  S e c t io n  I I ,  

Do ub l ing  d i l u t i o n s  o f  serum were made in the  p e r i p h e r a l  w e l l s  o f  

the agar p l a te s  and the  h ig h e s t  d i l u t i o n  a t  wh ich  a p r e c i p i t a t i o n  

l i n e  was s t i l l  v i s i b l e  was taken as the  a n t i b o d y  t i t r e .
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T A BL E 6 4-

The method o f  p r e p a r a t i o n  o f  the  H i c r o p o i y spora f a en i 

a n t i g e n s  used f o r  the  s k in  t e s t i n g  o f  c a t t l e .

A n t i g e n  C u l t u r a l  D e t a i l s  Method o f  P re p a ra t i o n

oAg 42 16 days a t  .53 C CS c u l t u r e  on horse serum d e x t ro s e

a g a r .

Removed and Immersed in  Coca's f o r  7 

d a y s .

Ag 41 16 days a t  55°C Horse serum d e x t ro s e  agar f rom

p r e p a r a t i o n  o f  Ag 42,

Freeze- thawed x 3.

O /C
Ag 113 11 days a t  55 C CS c u l t u r e  on h a l f  n u t r i e n t  a g a r .

Removed and immersed in Coca’ s f o r  10 

d a y s .

OAg 117 13 days a t  55 C CS c u l t u r e  on Czapek-Dox a ga r .

Removed and immersed in  Coca's f o r  36 

days.

*  CS “  c e l lo p h a n e  suppo r ted
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T A BLE 6 5

The i net t v id u a ]  c a t t l e  f rom vjh i ch b io p s ie s  were removed 

f o l l o w i n g  the  i nr. ra-derma 1 i n j e c t i o n s  o f  M I c ropo i  yspora  fa e n i  a n t i g e n s  

and s a l i ne.

T i me o f
A n t ig e n  Biopsy (Hours) Source o f  Biopsy  M a t e r i a l

A g 42

S te r  i 1 e 
S a l i n e

5-6 A l ,  A2,  A3,  A4,  PNC5, Cu l l  1

Al  , A2

6 C5

Ag 117 24 03,  C4

72

4 A l ,  PNC5

24 “  “

72 Al , -
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R E S U L T S

(a) A n t i g e n  4 2 (Ag 42)

Exper iment  1 An im a is  C l ,  PNCl, PNC2, PNC3 and PNC4 were 

i n j e c t e d  w i t h  t h r e e  d i l u t i o n s  ( 1 /1 ,  i / l O ,  1 /1 ,000 )  o f  Ag 42,

By f i v e  hours p o s t - i n j e c t i o n  a d e f i n i t e  s k in  r e a c t i o n  had 

developed a t  every  one o f  the  1/1 i n j e c t i o n  s i t e s  (Tab le 66 ) .

The l a r g e s t  r e a c t i o n  (35 mm) was on C l ,  the  o n l y  animal  w i t h  

p r e c i p i t t n s  t o  M. faen i . R eac t ions  wh ich  were j u s t  d e t e c t a b l e  

were produced w i t h  the  1/10 a n t i g e n  d i l u t i o n  a t  one s i t e  o n l y  

on PNC2 and PNC4. D e te c ta b le  r e a c t i o n s  were not  produced 

f o l l o w i n g  the  i n j e c t i o n s  o f  e i t h e r  the 1 /1 ,000  d i l u t i o n  o f  

a n t i g e n  o r  th e  s a l i n e .

Exper iment  2 An im a ls  Al  and PNC5 were i n j e c t e d  w i t h  one 

d i l u t i o n  (1 /1 )  o f  Ag 42 (Tab le  67 ) ,  The obv ious  s k in  r e a c t i o n s ,  

wh ich  were f i r s t  d e te c te d  on Al a t  t h r e e  hours p o s t - i n j e c t i o n ,  

ach ieved  t h e i r  maximum s i z e  one hour l a t e r .  T h e i r  s i z e  and 

appearance remained the  same f o r  a f u r t h e r  hour a f t e r  wh ich  t im e  

they  became less  p rom in en t  and l o s t  t h e i r  w e l l - d e m a rc a te d  edge. 

T h is  meant t h a t  the  d ia m e te r  o f  the  r e a c t i o n s  co u ld  not  be 

measured a c c u r a t e l y .  The s i t e  o f  the l a r g e s t  r e a c t i o n  ( s i t e  1) 

was removed a f t e r  s i x  h ou rs .  A l th o u g h  the  rem a in in g  two 

r e a c t i o n s  cou ld  n o t  be seen a t  24,  48 and 72 hours p o s t - i n j e c t i o n ,  

smal l  pea"S ized  s w e l l i n g s  o f  around 10 mm in d ia m e te r  c ou la  s t i l l  

be pa lpa ted  in the  s k i n .

Measurab le  r e a c t i o n s  d id  not  deve lop  a t  any o f  the  a n t i g e n  

s i t e s  on PNC5 o r  a t  any o f  the  s a l i n e  s i t e s  on e i t h e r  a n im a l .

Exper imen t  3 An ima ls  A2, A3 and PNC6 were i n j e c t e d  w i t h  two 

d i l u t i o n s  (1 /2 ,  l / l O )  o f  Ag 42 (Tab le 6 8 ) ,  Obvious r e a c t i o n s  

were d e te c te d  a t  th e  1/2 s i t e s  one hour p o s t - i n j e c t  ion .  These 

r e a c t i o n s  reached t h e i r  maximum d ia m e te r  t h r e e  hours  pos t -  

i n j e c t i o n ,  remained the  same s i z e  f o r  a no the r  hour and then became 

le s s  p ro m in en t .  Measurab le  r e a c t i o n s  were s t i l l  p resen t  a t  24 

hours p o s t - I n j e c t  ion but  a t  48 and 72 hours they  had decreased in 

s i z e  and so were no lo nge r  v i s i b l e  a l t h o u g h  they  remained easy t o  

p a lp a te .  Two b io p s ie s  were taken f rom A2 a t  s i x  hours and a 

t h i r d  a t  72 hours  p o s t - i n j e c t  ion w h i l e  one b io psy  o n l y  was taken 

f rom A3 a t  s i x  hours .
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T A BLE 6 6

T h e  d i a m e t e r  o f  t h e  r e a c t i o n s  f o l l o w i n g  t h e  i n t r a - d e r m a

i n j e c t i o n  o f  M i c r o p o i y s p o r a  F a e n I  a n t i g e n s  ( Ag  4 2 ) .

Diameter  o f  Skin Reac t ions  (mm)

D i l u t i o n  Cl PNCl PNC2 PNC3 PNC4

1/1 1 5 35 20 25 20 25 12 15 20 20

1 / 1 0  10 10 10 10 10 11 10 10 10 12

1/lUOO 10 10 10 10 10 10 10 10 10 10
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T A BLE 6 7

T h e  d i a m e t e r  o f  t h e  r e a c t i o n s  f o l l o w i n g  t h e  i n t r a - d e r m a l

i n j e c t i o n  o f  M i c r o p o i y s p o r a  f a e n i  a n t i g e n s  ( Ag  4 2 ) .

Time (Hr)

D iameter  o f  Skin Reac t ions  (mm)

Al PNC!

0 .25 10 10 10 10 10 10

1 10 1C 10 10 10 10

2 10 10 10 10 10 10

3 25 30 15 10 10 10

4 45 X 20 32 30 10 10 10

5 No Change No Change

6 Less Prominen t No Change

24 + 4- " -

48 4- + -

72 “•

B iopsy 6 Hr 72 Hr 6 Hr

+ = p a lp a b le  s k in  t h i c k e n i n g .

1 9 6
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Small r e a c t i o n s  developed w i t h  the  1/10 d i l u t i o n  a f t e r  

two hours b u t ,  when they  reached t h e i r  maximum s i z e  a f t e r  t h r e e  

hou rs ,  t t ’.ey were much s m a l l e r  than the  1/2 d i l u t i o n  r e a c t i o n s .

No r e a c t i o n s  c o u ld  be p a lpa ted  a t  2k hou rs ,  48 hours and 72 hours 

p o s t - i n j e c t  ion .

W i th  PNC6 smel l  s k in  r e a c t i o n s  were d e te c te d  one hour p o s t -  

i n j e c t i o n  and they  to o  ach ieved  t h e i r  maximum s i z e  w i t h i n  t h r e e  

hours .  They became less  p rominen t  and a t  24 hours p o s t - I n j e c t  ion, 

smal l  t h i c k e n in g s  c o u ld  be a p p r e c ia te d  in the  s k in  bu t  by 48 hours 

and 72 hou rs ,  no s k in  t h i c k e n i n g s  were d e te c te d .

D e te c ta b le  s k i n  r e a c t i o n s  were not  produced in any o f  these  

an ima ls  as a r e s u l t  o f  the  s a l i n e  i n j e c t i o n s .

Exper iment  4 An im a ls  A4 and Cu l l  1 were i n j e c t e d  w i t h  two 

d i l u t i o n s  ( 1 /2 ,  l / l O )  o f  Ag 42 but  PNC7 was i n j e c t e d  w i t h  the  1/2 

d i l u t i o n  o n l y  (Tab le  6 9 ) .  Sk in  r e a c t i o n s  were d e te c te d  w i t h  

both  d i l u t i o n s  a f t e r  one hour in Cu l l  1 and a f t e r  two hours in A4.  

On both  these  a n im a ls  the  r e a c t i o n s  ach ieved  t h e i r  g r e a t e s t  s i z e  

f o u r  hours p o s t - i n j e c t i o n .  A f t e r  f i v e  h ou rs ,  a 1/2 r e a c t i o n  s i t e  

was removed f rom A4 and a t  s i x  hours f rom Cu l l  1. The rem a in ing  

1/2 s i t e s  were p a lp a b le  on bo th  an im a ls  a t  24 h o u rs ,  48 hours and 

72 hours as were the  l / l O  s i t e s  on C u l l  1.

Small r e a c t i o n s  developed on PMC7 w i t h  th e  1/2 d i l u t i o n  a t  

t h r e e  hours p o s t - i n j e c t i o n .  These r e a c t i o n s  became le ss  p ro m in 

en t  and smal l  t h i c k e n i n g s  o n ly  cou ld  be d e te c te d  a f t e r  24 hours 

but  a t  48 hours and 72 hours no t h i c k e n in g s  were p re s e n t .

D e te c ta b le  s k i n  r e a c t i o n s  were not  produced in  any o f  these 

a n im a ls  f o l l o w i n g  the  sa l ine ,  i n j e c t i o n s .

(b) Ant  i gen 41 (Ag 4l  )

Twelve weeks a f t e r  they  had been i n j e c t e d  w i t  !i Ag 42 

(Exper iment  2 ) ,  a n im a ls  A2 and A3 a lo ng  w i t h  PNCS and PNC9*were 

g iven  two I n j e c t i o n s  o f  a s tandard  (1/1)  s o l u t i o n  o f  Ag 41 (Tab le  

70). PNC9 was examined o n l y  a t  two, f i v e  and s i x  hours p o s t 

i n j e c t i o n  because she was d i f f i c u l t  t o  han d le .  The l a r g e  

oedema tous s w e l l i n g s  wh ich  were e a s i l y  d e te c te d  even a f t e r  15 

m inu tes  on the  t h r e e  cows examined,  ach ieved  t h e i r  g r e a t e s t  

d ia m e te r  a t  t h r e e  t o  f i v e  hours  p o s t - i n j e c t  ion .  A f t e r w a r d s ,
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T h e  d i a m e t e r  o f  t h e  r e a c t i o n s  f o l l o w i n g  t h e  i n t r a - d e r m a l

i n j e c t i o n  o f  M î c r o p o i y s p o r a  f a e n i a n t i g e n s  ( Ag  k \ )  o

Time
(Hr) A2

Diameter  o f  Skin Reac t ions  (mm) 

A3 PNC8 PNC9

0 .25 37 X 27 26 X 19 32 X 27 40 X 37 25 X 24 20 M/E N/E

1 52 X 40 30 X 25 40 X 35 40 X 38 30 X 24 31 X 27 N/E N/E

2 65 X 60 48 X 38 55 X 45 40 X 34 35 X 30 35 X 30 37 37

3 70 X 65 48 X 38 60 X 45 40 X 34 45 45 N/E N/E

4 Di f f u s e 50 X 4o D i f f u s e D i f f u s e N/E N/E

5 D i f f u s e 40 X 25 D i f f u s e D1f f u s e 50 60

6 Di f  fu se D i f f u s e D Î f f u s e Di f f u s e

24 + 4- + 4' + + 4-

48 4- + *r 4- 4- 4- 4'

72-
4 . 4 .

201



t hey  became d i f f u s e  and t h e i r  exac t  s i z e  cou ld  not  be measured 

a c c u r a t e l y .  R ea c t ions  were p a lpa te d  a t  every  i n j e c t i o n  s i t e  

a f t e r  24 hours but  a t  72 hou rs ,  s l i g h t  s k in  t h i c k e n i n g s  were 

d e te c te d  o n ly  on A2 and A3.

D e te c ta b le  s k in  r e a c t i o n s  were no t  produced in any o f  these 

f o u r  cows f o l l o w i n g  the  i n j e c t i o n s  o f  s a l i n e .

An t  i gen 11 3 (Ag 11 3)-

T r i p l i c a t e  i n j e c t i o n s  o f  a s tandard  (1 /1 )  s o l u t i o n  o f  Ag 113 

were g iven  t o  A2 and A3 f o u r  weeks a f t e r  they  had been g iven  the 

Ag 41 a n t i g e n  and to  A4 and C u l l  1 12 weeks a f t e r  they  had been 

i n j e c t e d  w i t h  Ag 42 (Exper iment  3 ) .  The c o n t r o l  cow was PNClO.

A measurable  amount o f  r e a c t i o n  had deve loped a t  one or more s i t e s  

on each o f  the  f o u r  a n im a ls  w i t h  p r e c i p i t î n s  t o  h . fae n i  a f t e r  

o n l y  15 m inu tes  (Tab le 7 1 ) .  On A2 and A3 the  a n t i g e n  had been 

I n j e c t e d  i n t o  non-p igmented  s k in  but  no ev id ence  o f  the  t y p i c a l  

wheal and f l a r e  response was seen.  The r e a c t i o n s  g r a d u a l l y  

in c reased  in d ia m e te r  u n t i l  t h e i r  maximum s i z e  was reached a t  

t h r e e  hours (A3, A4) and f o u r  hours  (A2, Cu l l  1) pos t -1  n j e c t  i o n . 

W h i le  the  s i z e  o f  the  r e a c t i o n s  remained unchanged over  the  nex t  

t h r e e  hours on A3,  they  became less  p rominen t  on the  o th e r  t h r e e  

cows. The r e a c t i o n s ,  wh ich  c ou ld  be pa lp a ted  a t  every  s i t e  24 

hours a f t e r  i n j e c t i o n ,  were e s p e c i a l l y  marked on A3.  However, 

a f t e r  72 hours s l i g h t  s k in  t h i c k e n i n g s  were p a lpa te d  o n l y  on A2 

end A3.

The small  r e a c t i o n s  wh ich  developed on PNClO reached t h e i r  

maximum s i z e  by two hours p o s t - i n j e c t i o n ,  remained unchanged f o r  

the  nex t  two hours and had a lm os t  c o m p le te ly  d isappeared  by s i x  

hours p o s t - i n j e c t i o n .  No s k in  t h i c k e n in g s  were pa lp a ted  

subseq uen t l y  a t  any o f  th e  s i t e s  on t h i s  cow.

No d e t e c t a b l e  r e a c t i o n s  developed on A4,  C u l l  1 and PNC 10 

f o l l o w i n g  the  i n j e c t i o n s  o f  s a l i n e .  However, r e a c t i o n s  had 

developed a f t e r  15 m in u tes  on A2 and A3 and,  over  the nex t  f o u r  to  

f i v e  h o u r s , they  became le ss  pronounced.  No d e t e c t a b l e  s k in

t h i c k e n i n g s  were found a t  any o f  the  s i t e s  on A2 or  A3 a t  24,  48 

and 72 hours p o s t - i n j e c t i o n .

2 0 2
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(d) Ant  i gen 1 1 7 (Ag 117)

Exper iment  1 An im a ls  C3 and C4 were i n j e c t e d  in t r i p l i c a t e  w i t h  

a s tandard  (1 /1)  and a 1/10  d i l u t i o n  o f  Ag 117 and PNC 11 was g iven  

t h r e e  i n j e c t i o n s  o f  the  s tandard  s o l u t i o n  o n l y .  Reac t ions  were 

f i r s t  d e te c te d  on C3 and C4 w i t h  the  s tandard  s o l u t i o n  a f t e r  one 

hour and they  reached t h e i r  maximum s i z e  a f t e r  f i v e  hours (Tab le  

72 ) .  T w e n ty - fo u r  hours p o s t - i n j e c t i o n ,  a l l  bar  one o f  these  

r e a c t i o n s  c o u ld  s t i l l  be measured.  A b iopsy  o f  a l / i  s o l u t i o n  

r e a c t i o n  was taken f rom 03 and C4 a t  t h i s  t im e .  A f t e r  72 h ou rs ,  

p a lp a b le  r e a c t i o n s  were s t i l l  p resen t  a t  every  rem a in in g  i n j e c t i o n  

s i t e .  W i th  the  1/10 d i l u t i o n ,  the r e a c t i o n s  were a l s o  f i r s t  

de te c te d  one hour p o s t - i n j e c t i o n  but  they  reached t h e i r  maximum 

s i z e  a f t e r  tv/o o r  t h r e e  hou rs .  S l i g h t  s k in  t h i c k e n i n g s  were 

pa lpa ted  a t  every  s i t e  a f t e r  24 hours but  none cou ld  be d e te c te d  

s u bse q u e n t l y .

A t  e ve ry  s tand a rd  and l / l O  a n t i g e n  i n j e c t i o n  s i t e s  on C3, 

wh ich  was a p re d o m in a n t l y  w h i t e  cow, small  red areas deve loped ;  

these  were no t  wheal and f l a r e  r e a c t i o n s .  The red areas had 

inc reased  in s i z e  a f t e r  one hour but  by two h ou rs ,  the  c o lo u r  

d isappeared  f rom the  1 /10 s i t e s .  On F ig u re  14 wh ich  was taken 

s i x  hours p o s t - i n j e c t i o n ,  the  da rk  red c o lo u r  a t  the  1/1 i n j e c t i o n  

s i t e s  can be e a s i l y  a p p r e c i a t e d .  The c i r c u l a r  broken l i n e s  

i n d i c a t e  th e  p e r i p h e r y  o f  the  oedematous sk in  r e a c t i o n s .  A f t e r  

24 hou rs ,  the  red c o l o u r  had changed to  deep p u r p le  and by 48 hours 

the  i n j e c t i o n  s i t e s  were b l u e - b l a c k  in c o l o u r .  T h is  change in 

the  c o lo u r  a t  the  r e a c t i o n  s i t e s  can be seen when F ig u re  14 is  

compared w i t h  F ig u re  15, wh ich  was taken 72 hours p o s t - i n j e c t i o n .

Small r e a c t i o n s  wh ich  reached t h e i r  maximum s i z e  t h r e e  hours 

p o s t - i n j e c t i o n  deve loped  on PNCl l .  Very s l i g h t  t h i c k e n i n g s  c o u ld  

s t i l l  be pa lp a ted  up t o  24 hours p o s t - i n j e c t i o n .

D e te c ta b le  s k in  r e a c t i o n s  were not  produced in any o f  these  

• an im a ls  f o l l o w i n g  the i n j e c t i o n s  on s a l i n e .

Exper iment  2 E igh teen  weeks a f t e r  they had been i n j e c t e d  w i t h  

Ag 113, A2, A3,  A4 and Cu l l  1 were g iven  t r i p l i c a t e  i n j e c t i o n s  o f  

the s tandard  (1/1)  s o l u t i o n  o f  Ag 117 wh i 1e 05,  wh ich  had come 

f rom the  same farm as 03 and C4, was g iven  t r i p l i c a t e  I n j e c t i o n s  

o f  both  s tan da rd  and l / l O  d i l u t i o n s  o f  a n t i g e n s  (Table  73) .  The
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FIGUR E 1k V iew o f  the  r i g h t  s id e  o f  case C3 taken 6 hours a f t e r  

the  i n t r a - d e r m a l  i n j e c t i o n  o f  a n t i g e n s  d e r i v e d  f rom 

M ic r o p o ly s p o r a  f a e n i .
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FIGURE 15 View o f  the  r i g h t  s id e  o f  case C3 taken 72 hours 

the  i n t r a - d e r m a l  i n j e c t i o n  o f  a n t i g e n s  d e r i v e d  f rom 

M ic r o p o ly s p o r a  f a e n i .
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c o n t r o l  a n im a l ,  PNC12, was g iven  t r i p l i c a t e  i n j e c t i o n s  o f  the 

s tan da rd  s o l u t i o n  o f  Ag 117 o n l y .  Wi th  the s tandard  a n t i g e n  

s o l u t i o n ,  r e a c t i o n s  f i r s t  became obv ious  a f t e r  15 m inu tes  (A2,

A4) or  a f t e r  one hour (A3, Cu l l  1, C 5 ) . These r e a c t i o n s  

ach ieved  t h e i r  maximum s i z e  a t  two hours p o s t - i n j e c t i o n  (A 2 ) , 

o r  a t  t h r e e  hours (A3, A4,  Cu l l  1) o r  a t  f o u r  hours (C 5 ) . The 

r e a c t i o n s  on A2 were p a r t i c u l a r l y  l a r g e .  A f t e r  s t a y i n g  a t  t h e i r  

maximum s i z e  f o r  about  one hou r ,  the  r e a c t i o n s  then became less  

p rom inen t .  Two s k in  b io p s ie s  o f  s tandard  s o l u t i o n  r e a c t i o n s  

were taken f rom C5 s i x  hours p o s t - i n j e c t  ion .  Sk in  t h i c k e n in g s  

were pa lpa ted  a f t e r  24 hours a t  every  rem a in in g  s i t e  b u t ,  a t  72- 

hours p o s t " i n j e c t  i o n , p a lp a b le  sk in  t h i c k e n in g s  were o n l y  

d e te c ted  on A3 and C5.

The m a j o r i t y  o f  the  r e a c t i o n s  which had developed w i t h  the  

l / l O  d i l u t i o n  on C5 d id  so a f t e r  two hours and they  became 

maximal a f t e r  f i v e  h o u rs .  Some sk in  t h i c k e n i n g  cou ld  s t i l l  be 

pa lpa ted  up u n t i l  48 hours pos t  - i n j e c t i o n .

W i th  PNC12, the  smal l  r e a c t i o n s  which  developed a f t e r  two 

hours and wh ich  were maximal a t  th re e  hours p o s t - I n j e c t  ion co u ld  

s t i l l  be p a lpa ted  a f t e r  72 hou rs .

F o l l o w in g  the  t r i p l i c a t e  i n j e c t i o n s  o f  s a l i n e ,  d e t e c t a b l e  

r e a c t i o n s  were not  produced on any o f  these  cows w i t h  the. . 

e x c e p t io n  o f  A2.  The o bv ious  r e a c t i o n s  wh ich  were d e te c te d  on • 

t h i s  animal  a f t e r  15 m in u te s ,  reached t h e i r  g r e a t e s t  s i z e  a f t e r  

one hour and then became i n c r e a s i n g l y  d i f f u s e  u n t i l  by s i x  hours 

p o s t - Î n j e c t i o n , no s k in  t h i c k e n i n g s  cou ld  be a p p r e c ia t e d .

Exper iment  3 S ince r e a c t i o n s  had developed on A2 f o l l o w i n g  the  

i n j e c t i o n s  o f  s a l i n e  g iven  a t  the  same t im e  as the  Ag 113 and 

Ag 117 i n j e c t i o n s ,  i t  was dec ided  to  study the  e f f e c t  o f  

mepyramine ma leate  (A n th is a n ;  May and Baker,  Dagenham, Essex) on 

the  subsequent  deve lopment o f  s k in  r e a c t i o n s  t o  both  s a l i n e  and t o  

Ag 117.

The day f o l l o w i n g  Exper iment  2 (Ag 117) d e s c r ib e d  above,  

s a l i n e  and a s tan da rd  (1 /1 )  s o l u t i o n  o f  Ag 117 were i n j e c t e d  in 

t r i p l i c a t e  on the  l e f t  s id e  o f  A2. The s a l i n e  r e a c t i o n s ,  wh ich  

developed w i t h i n  15 m in u te s ,  were maximal a f t e r  one h o u r ,  remained 

the  same s i z e  f o r  t'wo hours  and then became le ss  p rominen t  u n t i l

2 1 1



by seven hours  p o s t - Î n j e c t i o n , they  were ve ry  d i f f u s e  (Tab le 74 ) .  

S l i g h t  s k in  t h i c k e n i n g s  were p re se n t  o n l y  a t  24 hours p o s t -  

i n j e c t i o n .  The Ag 117 r e a c t i o n s ,  wh i ch a l s o  deve loped  w i t h i n  15 

m in u te s ,  ach ieved  t h e i r  g r e a t e s t  s i z e  a f t e r  two hours and by seven 

hours  p o s t " ' i n j e c t  ion ,  they  too  had become v e ry  d i f f u s e .  However, 

some s k in  t h i c k e n i n g  was d e te c te d  a t  24 hours and 48 hours p o s t 

i n j e c t i o n .

Two and a h a l f  hours a f t e r  the  above s i x  i n j e c t i o n s  had been 

g i v e n ,  one gram o f  A n th i s a n  was i n j e c t e d  i n t r a - m u s c u l a r l y i n t o  A 2 . 

A f t e r  a p e r io d  o f  30 m in u te s ,  a f u r t h e r  t h r e e  s a l i n e  and f i v e  Ag 

117 s tandard  s o l u t i o n  i n j e c t i o n s  were g iven  on the  r i g h t  s id e  o f  

A2.  A t  the  s a l i n e  i n j e c t i o n  s i t e s ,  o n l y  ve ry  smal l  r e a c t i o n s  

developed w i t h i n  15 m inu tes  on t h i s  occas ion  and a f t e r  one h o u r ,  

o n l y  one r e a c t i o n  was 20 mm in d ia m e te r  compared w i t h  a l l  t h r e e  

im m ed ia te ly  b e fo re  the  A n th is a n  had been g i v e n .  The r e a c t i o n s  

q u i c k l y  became d i f f u s e  and by s i x  hours pos t  - i n j e c t i o n  they cou ld  

n o t  be seen a l t h o u g h  d i s t i n c t  s k in  t h i c k e n in g s  cou ld  s t i l l  be 

p a lp a te d .  These t h i c k e n i n g s  c o u ld  not  be d e te c te d  a f t e r  24 hours .  

The Ag 117 r e a c t i o n s  were a l s o  much s m a l l e r  a f t e r  15 m inu tes  and 

t h e i r  maximum s i z e  was reached a t  s i x  hours p o s t - i n j e c t i o n  compared 

w i t h  two hours b e fo re  the  A n th i s a n  had been g i v e n .  The maximum 

d iam e te r  o f  the  r e a c t i o n s  was s l i g h t l y  le ss  than b e fo re  

a l t h o u g h  th e re  was l i t t l e  d i f f e r e n c e  in t h e i r  p e r s i s t e n c e ;  s k in  

t h i c k e n i n g s  were d e te c te d  a f t e r  48 hours bu t  not  a t  72 hours p o s t -  

i r i j e c t  ion.

Two o f  the  f i v e  Ag 117 I n j e c t i o n s  had been g iven  i n t o  non- 

p igmented s k in  and,  a t  the  15 m inu te  o b s e r v a t i o n  p e r i o d ,  I t  was 

n o t i c e d  t h a t  the  h a i r s  in the  c e n t r e  o f  the  r e a c t i o n s  were e r e c t .  

Around these  e r e c t  h a i r s  t h e r e  was a r a i s e d  c i r c u l a r  p laque o f  

i n t e n s e l y  w h i t e  s k in  a t  the  p e r i p h e r y  o f  wh ich  th e re  was a da rk  

red r i n g .  These changes were s t i l l  p re sen t  a f t e r  one hour a l 

though they d id  show s ign s  o f  r e g r e s s io n .  By two hours p o s t -  

i n j e c t i o n ,  the b la n c h in g  had d isappeared  and the  c e n t r e s  o f  the 

r e a c t i o n s  were u n i f o r m l y  red in c o l o u r .  A t  the  o th e r  t h r e e  s i t e s ,  

wh ich  were on p igmented s k i n ,  the  h a i r s  were a l s o  n o t i c e d  t o  be 

e r e c t  bu t  o b v i o u s l y  no c o l o u r  change was a p p r e c ia t e d .  T h is  was 

the  o n l y  t im e  t h a t  a t r u e  wheal and f l a r e  r e a c t i o n  was observed 

in  any o f  the  cows used f o r  the  i n t r a - d e r m a l  i n j e c t i o n  o f  

M. f a en I a n t i g e n s .
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(e) H î s t o p a t h o io c y  o f  s k in  b io p s ie s

The m ic r o s c o p ic  changes in the  s k in  b io p s ie s  taken a t  f o u r -  

s i x  h ou rs ,  2M hours and 72 hours p o s t - I n j e c t i o n  f rom the  cows 

w i t h  p r e c i p i t i n s  t o  M. f a e n i  and i n j e c t e d  w i t h  H, f a eni  

a n t i g e n s ,  were v e ry  s i m i l a r  and so r e p r e s e n t a t i v e  s e c t i o n s  o n l y  

w i l l  be d e s c r ib e d  in d e t a i l .

S i x  hour b iopsy  (Case A l )  Close exa m ina t io n  o f  the  s k in  

r e a c t i o n  im m ed ia te ly  a f t e r  i t  had been removed f rom the  cow 

revea le d  t h a t  the  s w e l l i n g  was due m o s t l y  t o  a l o c a l i s e d  c o l l e c 

t i o n  o f  oedema f l u i d  deep in the  de rm is ,  in F ig u re  l 6 ,  i t  is 

p o s s i b l e  t o  see the  oedema tous c o n n e c t i v e  t i s s u e  in wh ich t h e r e  

a re  numerous n e u t r o p h i l s .  In a d d i t i o n ,  n e u t r o p h i l s  can a l s o  be 

seen in the  lumen and a c c u m u la t in g  in the  w a l l  o f  a smal l  b lood  

v e s s e l .

T w e n ty - fo u r  hour b io p s y (Case C3) T h is  b io psy  was removed 

f rom the  cow in F ig u re  14. S u p e r f i c i a l  dermal n e c r o s i s  can be 

seen a t  the  r i g h t  hand s id e  o f  F ig u re  17 and between t h i s  and the  

normal dermis  t h e r e  i s  a w e l l  d e f in e d  a c c u m u la t io n  o f  n e u t r o p h i l s .  

A t  the  bot tom l e f t  o f  the  F ig u re  th e re  is  a thrombosed smal l  a r t 

e r i o l e  around which  a few n e u t r o p h i l s  can be seen.  S l i g h t  

c o n n e c t i v e  t i s s u e  oedema is  a l s o  p re s en t .

S even ty - two  hour b iopsy  (Case A l )  Very l i t t l e  c o n n e c t i v e  

t i s s u e  oedema can be seen In F ig u re  18, The c e l l  p o p u la t i o n  is  

m arked ly  d i f f e r e n t  f rom t h a t  in  F ig u re  16 in t h a t . a l m o s t  a l l  the 

c e l l s  s u r ro u n d in g  th e  smal l  b lood  v e sse ls  a re  mononuclear  in t y p e ;  

they  a re  m a in ly  plasma c e l l s  o r  lymphocytes and e o s i n o p h i l s  w i t h  

o n l y  a ve ry  smal l  number o f  n e u t r o p h i l s .

S a l i n e  r e a c t i o n s  (Case A l )  No m i c r o s c o p i c a l l y  d e t e c t a b le  

changes were p resen t  in  the  b io p s ie s  f rom the  s a l i n e  i n j e c t i o n  

s i t e s  taken a t  f o u r  and 72 hours p o s t - i n j e c t i o n .

P r e c i p i t i n - n e g a t i v e  c o n t r o l  group  No m ic r o s c o p ic  l e s i o n s  were 

d e te c te d  a t  f o u r  and 17. hours pos t  - i n j e c t  i on in ’b io p s ie s  f rom e i t h e r  

the  M. fa e n i  a n t i g e n  s i t e s  o r  the  sal I ne i n j e c t i o n  s i t e s  on PMC5.
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FIGURE 16 Sk in  b io psy  f rom case Al taken k hours a f t e r  the  i n t r a -  

dermal i n j e c t i o n  o f  a n t i g e n s  d e r i v e d  f rom M ic r o p o l y s p o r a 

faen i . There is  oedema o f  the  dermal c o n n e c t i v e  t i s s u e  and 

a l a r g e  number o f  n e u t r o p h i l s  can be seen around and a l s o  

w i t h i n  a smal l  b lood  vesse l  (H 6- E x 250).

FIGURE 17 Sk in  b io psy  f rom case C3 taken 24 hours a f t e r  the  i n t r a -

dermal i n j e c t i o n  o f  a n t i g e n s  d e r i v e d  f rom M ic r o p o ly s p o r a  

f a e n i . A smal l  thrombosed a r t e r i o l e  (A) can be seen as w e l l  

as a dense a c c u m u la t io n  o f  n e u t r o p h i l s  (N) s e p a r a t i n g  normal 

dermis  f rom an area o f  dermal n e c r o s i s  (H 6- E x 100).
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FI GURE 18 Sk in  b io psy  f rom case Al taken 72 hours a f t e r  the  i n t r a -  

dermal i n j e c t i o n  o f  a n t i g e n s  d e r i v e d  f rom M ic r o p o ly s p o r a  

f a e n i . There is  a marked i n f i l t r a t i o n  around the  b lood 

ve s s e ls  o f  ly m ph ocy tes ,  plasma c e l l s  and e o s i n o p h i l s  

(H & E X 250).

FI GURE 19 A c l o s e - u p  v iew o f  a lung  i l l u s t r a t i n g  the  pa le  a reas  o f  

m i l d  o v e r - i n f 1 a t  ion a t  the  p e r i p h e r y  o f  the  l o b u le s .
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D I S C U S S I O N

The in t r a - d e r m a l  I n j e c t i o n  o f  H. fa e n i  a n t i g e n s  produced

d e t e c t a b l e  s k in  r e a c t i o n s  in every  cow w i t h  p r e c i p i t i n s  to  (L faen i .

The r a i s e d ,  p l a q u e - l i k e  s w e l l i n g s  which were u s u a l l y  v i s i b l e  a f t e r  

one h ou r ,  reached maximum s i z e  f rom th r e e  t o  f i v e  hours p o s t - i n j e c t i o n  

and then became less  p ro m in en t .  The r e a c t i o n s  were n o t  u s u a l l y  

v i s i b l e  a f t e r  24 hours  a l t h o u g h  f i r m  pea -s ize d  t h i c k e n i n g s  were o f t e n  

pa lpa ted  in the  s k in  up t o  72 hours p o s t - i n j e c t  ion .  The temporal  

development o f  the  s k i n  r e a c t i o n s  is  s i m i l a r  t o  an A r t h u s - t y p e  r e a c t i o n

(196) .

From e x p e r im en ta l  s t u d i e s  w i t h  a n im a l s ,  v a r i o u s  nu r l io rs  have 

conc luded t h a t  the  s e v e r i t y  o f  an A r t h u s - t y p e  r e a c t i o n  is  c l o s e l y  

r e l a t e d  t o  the  t i t r e  o f  c i r c u l a t i n g  p r e c i p i t a t i n g  a n t i b o d y  (2 5 , 43,

80,  189).  When t h e r e  i s  a h ig h  t i t r e  o f  p r e c i p i t a t i n g  a n t i b o d y  a 

severe  A r t h u s  r e a c t i o n  deve lops  w i t h  th rom bos is  o f  the  dermal b lood 

v e s s e ls  and s k in  n e c r o s i s  ( 8 ) .  In t h i s  i n v e s t i g a t i o n ,  s k in  n e c r o s i s  

was observed on o n l y  one (C3) o f  the  n in e  c a t t l e  w i t h  p r e c i p i t i n s  t o  

M. f a e n i . On the  a c tu a l  day t h a t  the  s k in  t e s t s  were und e r ta ke n ,  the  

p r e c i p i t i n  t i t r e s  were e s t im a te d  o n l y  in C3 ( 1 / 6 4 ) ,  C4 (1/32)  and C5 

( 1 / 4 ) ,  a l l  o f  whom came f rom the  same farm. That  s k in  n e c r o s i s  o n l y  

developed on the  animal w i t h  a r e l a t i v e l y  v e ry  h ig h  a n t i b o d y  t i t r e  was 

in  agreement w i t h  the  v iews o f  the  worke rs  c i t e d  above.  On the o th e r  

hand,  s k in  n e c r o s i s  was no t  observed m acrosco p ica11 y on Al wh ich  had a 

p r e c i p i t i n  t i t r e  o f  1/64- one week p r i o r  to  her  be ing s k in  t e s te d .

T h is  may have been t h e  r e s u l t  o f  d i f f e r e n c e s  in the  r e a c t i v i t y  o f  the  

H . fa e n i  a n t i g e n  p r e p a r a t i o n s  used,  Ag 117 f o r  C3 and Ag 42 f o r  A l , 

because i t  has a l r e a d y  been found t h a t  i n d i v i d u a l  p r e p a r a t i o n s  o f  

M. f a e n i va ry  g r e a t l y  in  t h e i r  a b i l i t y  t o  produce p r e c i p i t a t i o n  

r e a c t i o n s  w i t h  c a t t l e  sera in agar gel (59) .  The op t  i mum a n t i g e n  t o  

a n t i b o d y  r a t i o  may not  have been ach ieved  a t  the  i n j e c t i o n  s i t e s  on 

Al  s in c e  a gross excess o f  a n t i b o d y  is  r e q u i r e d  f o r  the maximum 

e x p r e s s io n  o f  a l o c a l i s e d  A r t h u s - t y p e  response (49 ) .  The d i f f e r e n c e  

in the  maximum s i z e  o f  the  r e a c t i o n s  between the  s tandard  and the l / l O  

d i l u t i o n s  o f  both Ag 42 and Ag 117 is  most l i k e l y  t o  have been the  

r e s u l t  o f  d i f f e r i n g  a n t i g e n / a n t i b o d y  r a t i o s  a t  the  i n j e c t i o n  s i t e s .

A l t h o u g h  t h e re  may have been a r e l a t i o n s h i p  between the 

p r e c i p i t i n  t i t r e  and the  s e v e r i t y  o f  the  sk in  r e a c t i o n s ,  t h e re  vjas 

d e f i n i t e l y  no p o s i t i v e  c o r r e l a t i o n  between the  p r e c i p i t i n  t i t r e  and the
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maximum d ia m e te r  o f  the  sk in  r e a c t i o n s  on 03, C4 and 05. Indeed,  the  

two l a r g e s t  r e a c t i o n s  were on 05 vvhich had the  lo wes t  t s L r e  ( 1 / 4 ) .

The sk in  r e a c t i o n s  were much l a r g e r  on cows w i t h  p r e c i p i t i n s  

t o  M. f a e n i than on the  c o n t r o l  an im a ls  w i t h  eve ry  a n t i g e n i c  p re p a ra 

t i o n  excep t  the l / l O  d i l u t i o n  o f  Ag 4/.. Wi th the  s tandard  c o n c e n t r a 

t i o n  o f  a n t i g e n ,  the  r e a c t i o n s  on cows v ; l t h  p r e c i p i t i n s  were a lm os t  

i n v a r i a b l y  in excess o f  20 mm in  d ia m e te r  whereas on the c o n t r o l  cov^s 

they  never exceeded 20 mm in s i z e .  T h i s  is  in  agreement w i t h  the  

f i n d i n g s  In m i l k  a l l e r g y  in wh ich  wheals o f  more than 20 mm in d iam ete r  

were cons ide red  to  i n d i c a t e  a p o s i t i v e  sk in  t e s t  (41) .  PNC5 was the  

o n l y  c o n t r o l  animal  on wh ich  a measurable s k in  r e a c t i o n  d id  no t  

deve lo p  f o l l o w i n g  the  i n j e c t i o n  o f  H. fae n i  a n t i g e n s  and i t  is im p o r t 

a n t  t o  no te  t h a t  she was o n l y  two years  o l d .  The mature c o n t r o l  cows 

would a lm os t  c e r t a i n l y  have been exposed t o  M. fae n i  p r e v i o u s l y  and so 

they  co u ld  have been s e n s i t i s e d  even a l th o u g h  p r e c i p i t i n s  were no t  

d e te c te d  b e fo re  the  s k in  t e s t s  were unde r taken .  Hence, the  development 

o f  the  smal l  p o s i t i v e  r e a c t i o n s  In the  o l d e r ,  p r e c i p i t i n - n e g a t i v e  but  

n e v e r t h e l e s s  s e n s i t i s e d  a n im a l s .

I t  Is  c o n c e iv a b le  t h a t  some o f  the  r e a c t i o n  on the  c o n t r o l  

a n im a ls  may have been induced by a n o n - s p e c i f i c  I r r i t a n t  e f f e c t  o f  the  

a n t i g e n i c  p r e p a r a t i o n s .  The l a r g e  r e a c t i o n s  produced by Ag 41 a re  

l i k e l y  t o  have been a lm os t  w h o l l y  n o n - s p e c i f i c  s in c e  t h e i r  maximum s iz e  

and t ime o f  development, were not  dependent  upon the  presence o f  

p r e c i p i t i n s  t o  M. faen i . A n t i g e n  41 was prepared f rom the  agar and 

c o n ta in e d  the  m e ta b o l i c  p ro du c ts  f rom the  growth o f  M. f a e n i and many 

o f  these  a re  known t o  have enzym at ic  a c t i v i t y  (29, 184, 273).  The 

o t h e r  t h r e e  a n t i g e n i c  p r e p a r a t i o n s  were d e r i v e d  f rom the  mycel ium and 

spores o n l y  and so t h e i r  e nzym at ic  c o n te n t  was l i k e l y  t o  have been 

v e ry  much s m a l l e r .

Several  weeks a f t e r  t h e i r  e xpe r ien ce  w i t h  Ag 41,  r e a c t i o n s  

deve loped on A2 and A3 to  both  s a l i n e  and M. f a e n i  a n t i g e n s  (Ag 113 and 

Ag 117) w i t h i n  15 minu tes  o f  t h e i r  be ing  i n j e c t e d .  A l t h o u g h  these  

were not  the  o n l y  e xp e r im en ta l  a n im a ls ,  they  were the  o n l y  ones t h a t  

r e a c te d  t o  s a l i n e .  I t  was v i r t u a l l y  im po ss ib le  f o F  the  s a l i n e  t o  have 

become con tam ina ted  w i t h  H. f a e n i a n t i g e n s  and the  s k in  r e a c t i o n s  d id  

no t  lo ok  l i k e  t y p i c a l  wheal and f l a r e ,  r e a c t i o n s .  Consequen t ly ,  t h i s  

p e c u l i a r  f i n d i n g  would appear to  have been an i d io s y n c r a s y  o f  the  

i n d i v i d u a l  an im a ls  r a t h e r  than the  p r o p e r t y  o f  the  s a l i n e ,
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A l th o u g h  these r e a c t i o n s  to  s a l i n e  d id  no t  lo ok  l i k e  type  1 

h y p e r s e n s i t i v i t y  r e a c t i o n s  they  c o u ld  s t i l l  have been h i s t a n i i n e -  

med ia ted .  T h e r e f o r e ,  i t  was dec ided  t o  a d m in i s t e r  mepyramine m a lea te ,  

wh ich  has an a n t i h i s t a m i n i c  a c t i o n ,  and s tudy  the  subsequent  d e v e lo p 

ment o f  s a l i n e  and M, f a e n i  a n t i g e n  r e a c t i o n s .  A f t e r  mepyramine 

ma leate  had been g ive n  to  A2, the  s a l i n e  r e a c t i o n s  were not  a b o l i s h e d  

a l t h o u g h  t h e i r  maximum s i z e  was marked ly  reduced and they p e r s i s t e d  f o r  

a much s h o r t e r  t im e .  The r e a c t i o n s  to  Ag 117 developed more s l o w ly  

bu t  t h e re  was very  l i t t l e  r e d u c t i o n  in  t h e i r  maximum s i z e .  Th is  was 

no t  e n t i r e l y  unexpected s in c e  i t  has been shown t h a t ,  in e xp e r im en ta l  

a n im a ls ,  a n t i - h i s t a m i n i c  drugs  do n o t  i n h i b i t  the  development o f  an 

A r t h u s - t y p e  r e a c t i o n  (190, 296).  An unexpected f i n d i n g  a f t e r  the  

a d m i n i s t r a t i o n  o f  mepyramine ma leate  was the development o f  t y p i c a l  

wheal and f l a r e  responses 15 m in u tes  a f t e r  the  i n j e c t i o n  o f  Ag 117.

These r e a c t i o n s  had d isappeared  a f t e r  two hours and i t  was the  o n l y  

t im e  t h a t  such a response was d e te c te d  in any o f  these expe r im e n ts .

On m ic r o s c o p i c  e x a m in a t io n  o f  the  s k in  b io p s ie s  taken f rom 

f o u r  t o  s i x  hours p o s t - i n j e c t i o n ,  the  most s t r i k i n g  o b s e r v a t i o n  was the 

a c c um u la t io n  o f  n e u t r o p h i l s  both  w i t h i n  and s u r ro u n d in g  small  b lood 

v e s s e ls  w h ich ,  in some cases ,  were thrombosed.  The numbers o f  

n e u t r o p h i l s  had decreased w i t h i n  24 hours and by 72 hours  p o s t - i n j e c t i o n ,  

mononuclear  c e l l s  were the  dominant  t y p e .  Gel l  and Hinde (1954) 

produced A r th u s  r e a c t i o n s  in  the  s k in  o f  r a b b i t s  and conc luded t h a t  

“ where the  n e c r o s i s  is  min imal  the  mononuclear  response is  more o b v i o u s " .  

T h is  was a l s o  found to  be so in  t h i s  s tudy  when the  72 hour b io p s ie s  

f rom an im a ls  Al and C3 were compared;  t n e r e  were g r e a t e r  numbers o f  

mononuclear  c e l l s  in  the  b iopsy  f rom Al  than f rom C3 in  wh ich  t h e r e  was 

th rom bos is  o f  the b lood  ve s s e ls  and obv ious  sk in  n e c r o s i s .  Since  the  

m ic r o s c o p ic  f i n d i n g s  in the  s k in  b io p s ie s  f rom these c a t t l e  were s i m i l a r  

t o  those o f  an A r t h u s - t y p e  r e a c t i o n  in the  s k in  o f  r a b b i t s  ( 9 3 ) ,  i t  can 

be deduced t h a t  these  r e a c t i o n s  were the  r e s u l t  o f  an A r t h u s - t y p e  

response.  The presence o f  p a lp a b le  t h i c k e n in g s  a t  many o f  the  i n j e c t i o n  

s i t e s  a f t e r  72 hours p ro v id e s  some ev idence  t h a t  t h e r e  co u ld  a l s o  have 

been a type  IV h y p e r s e n s i t i v i t y  component i n v o l v e d .

F o l l o w in g  the  i n t r a - d e r m a l  i n j e c t i o n  o f  M. f aeni  a n t i g e n s ,  

r e a c t i o n s  developed a f t e r  f o u r  t o  s i x  hours o n l y  in an ima ls  w i t h  

p r e c i p i t i n s  to  M. f a e n i  in t h e i r  se ra .  However, i f  the  a b i l i t y  to  

mount t h i s  A r t h u s - t y p e  s k in  response is  dependent  upon the  presence o f  

c i r c u l a t i n g  a n t i b o d y  t h e n , f o r  r o u t i n e  d i a g n o s t i c  purposes,  p r e c i p i t i n s
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can be d e te c ted  more e a s i l y ,  a l t h o u g h  le s s  q u i c k l y ,  by im m unod i f fus ion  

than by s k in  t e s t i n g .
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S E C T I O N  V

THE USE OF PATHOLOGY IN THE 

DIAGNOSIS OF FARMER'S LUNG IN CATTLE

INTRODUCTION

The d e s c r i p t i o n s  o f  the  p a t h o l o g i c a l  l e s i o n s  o f  f a r m e r ' s  lung 

In man have been based a lm os t  w h o l l y  on the  e xa m ina t io n  o f  lung 

b iopsy  m a t e r i a l  (60, 71, 86,  90,  234, 250, 259).  T h is  method o f  

o b t a i n i n g  p a t h o l o g i c a l  m a t e r i a l  Far comprehensive i n v e s t i g a t i o n  is  

u n s a t i s f a c t o r y  because the  p o r t i o n  removed may not  be r e p r e s e n t a t i v e  

o f  e i t h e r  the  range o r  the  s e v e r i t y  o f  the  l e s i o n s  in o t h e r  p a r t s  o f  

t h e  lun gs .  T h is  d i f f i c u l t y  need not  a r i s e  in c a t t l e  because a f f e c t e d  

a n im a ls  can be bought  and,  a f t e r  s l a u g h t e r ,  both lungs can be thorough» 

1 y examined.

The p a t h o l o g i c a l  l e s i o n s  found a f t e r  pos t -m or tem e xam ina t ion  

in  t h i s  s e r i e s  o f  45 c l i n i c a l  cases o f  f a r m e r ' s  lung  a re  d iscussed  in 

the  f i r s t  and ma jo r  p a r t  o f  t h i s  s e c t i o n .  F o l l o w in g  t h i s ,  the 

d i f f e r e n t i a t i o n  o f  f a r m e r ' s  lung  f rom o th e r  common r e s p i r a t o r y  d iseases  

o f  a d u l t  c a t t l e  in B r i t a i n  Is p re sen ted .

MATERIALS AND METHODS

A l l  the  an im a ls  were s la u g h te r e d  humanely and exsangu ina ted . -  

The d ia g n o s is  o f  f a r m e r ' s  lung  was con f i rm ed  in  each case by macro

s c o p ic  and m ic r o s c o p ic  e x a m in a t io n  o f  the  lu n gs .  Several  p o r t i o n s  o f  

t i s s u e  r e p r e s e n t a t i v e  o f  a l l  lobes  o f  the  lungs  and b ro n c h ia l  t r e e  

a t  v a r i o u s  l e v e l s  were c o l l e c t e d  f rom each animal  t o g e th e r  w i t h  r o u t i n e  

samples o f  t i s s u e  f rom o th e r  o rgans .  The t i s s u e s  were f i x e d  in 

c o r r o s i v e  formol  o r  10 per  cen t  f o r m a l i n ,  dehydra ted  and doub le  

embedded in c e l l o i d î n  and in p a r a f f i n  wax in a vacuum. S ec t io n s  were 

c u t  a t  8 m ic rons  and s t a i n e d  w i t h  hae m a toxy l in  and e o s in .  When 

s p e c i f i c  f e a t u r e s  were t o  be dem ons t ra ted ,  the  f o l l o w i n g  s t a i n s  were 

a l s o  used:  P russ ian  b lue  f o r  h a e m o s id e r in , c s rb o l  ch romotrope  f o r

e o s i n o p h i l s ,  a s t r a  b lu e  s a f f r o n l n  f o r  mast c e l l s ,  W e lg e r t - v a n  Gieson f o r  

e l a s t i c  and f i b r o u s  t i s s u e  and R h ln e h a r t - A b u ' l  Haj f o r  mucus and 

connect  i ve t  i ssue .
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R E S U L T S

M acroscop ic  pet ho logy

A l th o u g h  the  lungs  f rom a l l  cases looked r e l a t i v e l y  normal 

on s u p e r f i c i a l  e xam in a t io n  t h e r e  was o v e r - i n f l a t i o n  on the  p e r i p h e r a l  

a c i n i  o f  many lung  l o b u le s  (F ig u re  19) .  C h a r a c t e r i s t i c a l l y ,  t h i s  

appeared as a pa le  p in k  r a i s e d  edge around a red c e n t r a l  p o r t i o n  in 

wh ich  a number o f  smal l  g rey  spots  (1-2 mm in d iam e te r )  cou ld  u s u a l l y  

be seen (F ig u re  2 0 ) ,  Thèse l e s i o n s  tended t o  be more f r e q u e n t  in the 

a n t e r i o r  p a r t s  o f  the  l u n g s .  In some a n im a ls ,  th e re  were a few 

l o b u le s  wh ich  were pa le  w h i t e  o r  y e l l o w  and f i r m e r  than normal as a 

r e s u l t  o f  f i b r o s i s ;  these  l o b u le s  were a l s o  found most o f t e n  in the  

a n t e r i o r  p a r t s  o f  the  lungs  and about  the  c a r i n a  in some lo n g - s t a n d in g  

cases.  (n severa l  o f  t h e  most severe cases,  a few g r e y i s h - w h i t e  

" a s t e r o i d "  bod ies  were p re sen t  beneath the  v i s c e r a l  p l e u r a ;  they  were 

2-4 miTi in d ia m e te r  and p r o j e c t e d  above the  s u r f a c e  o f  the  s u r ro u n d in g  

lung  parenchyma. These " a s t e r o i d "  bod ies  were p a r t i c u l a r l y  obv ious  

i n A 15 (F igu re  21 ) .

M ic r o s c o p ic  p a th o lo g y

T rachea and b ronch i  Many g l o b u l e  le u k o c y te s  and a small  number 

o f  n e u t r o p h i l s  were seen in the  t r a c h e o - b r o n c h ! a ] e p i t h e l i u m  o f  a l l  

cases and t h e r e  was i n f i l t r a t i o n  o f  th e  lamina  p r o p r i a  by lympho

c y t e s ,  plasma c e l l s  and o th e r  mononuclear  c e l l s .  In some o f  the 

cases in .w h ic h  s ign s  o f  r e s p i r a t o r y  d isease  had been n o t i c e d  f o r  a 

c o n s i d e r a b l e  t im e ,  t h e r e  was a moderate degree o f  mucous g land  

h y p e r t r o p h y .  T h is  was a s s o c ia te d  w i t h  the  presence o f  excess 

volumes o f  mucus In the  lumina o f  lungs in wh ich f i b r o s e d  

l o b u le s  were numerous.

Bronch i o l e s  B r o n c h i o l a r  l e s i o n s  were p resen t  in  a l l  cases a l 

though t h e r e  was g r e a t  v a r i a t i o n  in both t h e i r  p reva lence  end 

s e v e r i t y .  In some, b r o n c h i o l i t i s  o b l i t e r a n s  ( F ig u re  22) was 

w idespread be ing found in a l l  lobes o f  both, lungs  a t  a l l  l e v e l s .

In the  e a r l y  s ta g e s ,  the  o b s t r u c t i v e  l e s i o n  had the  f e a t u r e s  o f  a 

granuloma and m u l t i n u c l e a t e d  g i a n t  c e l l s  were nppsent .  Macro 

phages,  m u l t i n u c l e a t e d  g i a n t  c e l l s ,  a few n e u t r o p h i l s ,  e o s i n o p h i l s  

and mucous p lugs  were t o  be found in  the  b r o n c h i o l a r  lum in a .

There were v a r y i n g  s i z e d  d i f f u s e  p e r i b r o n c h i o l a r  aggrega tes  o f  

lymphocytes w i t h  some plasma c e l l s  and a few macrophages.
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FIGURE 20 A c l o s e - u p  v ie w  o f  a lung  i l l u s t r a t i n g  many smal l  g rey 

spots  w i t h i n  th e  l o b u l e s .

■

FIGURE 21 A c l o s e - u p  v iew  o f  a lung  i l l u s t r a t i n g  l a r g e r  g r e y i s h  

w h i t e  spo ts  (a r ro w e d ) ,  s o - c a l l e d  " a s t e r o i d  b o d ie s " .
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FIGURE 22 Foci o f  b r o n c h i o l i t i s  o b l i t e r a n s  which  have a lm os t

c o m p le te l y  o b l i t e r a t e d  the  1umena o f  the  a f f e c t e d  b r o n c h io le s  

can be observed .  A l a r g e  agg rega te  o f  lymphocytes  is  

p re s e n t  between the  two b r o n c h io l e s  (H & E x 120).

■ A
B .

m

FIGURE 23 D i f f u s e  c e l l u l a r  i n f i l t r a t i o n  o f  a l v e o l a r  septa  and p a r t  

o f  an i n t e r l o b u l a r  septum can be observed (H & E x lOO).
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A l v e o l a r  duc t s  Obi i t e r a t i v e  l e s i o n s  were sometimes seen b l o c k 

ing the  duc ts  and e x te n d in g  i n t o  the b r o n c h i o l a r  lumen ( F ig u re  2 2 ) .

Al veol  a r spaces Free c e l l s  were no t  numerous in the s 1 veo 1 ar' 

spaces a l t h o u g h  the  septa were marked ly  t h i c k e n e d .  When p r e s e n t ,  

they were u s u a l l y  lymphocytes and macrophages a l t h o u g h  plasma 

c e l l s  were a l s o  i d e n t i f i e d  o c c a s i o n a l l y .

I n t e r - a l v e o l a r  septa and a l v e o l a r  w a l l s  In a l l  the acu te  cases 

and in  many o f  the  c h r o n i c  ones,  the  i n t e r - a l v e o l a r  septa and 

a l v e o l a r  w a l l s  were th i c k e n e d  as a r e s u l t  o f  c e l l u l a r  i n f i l t r a t i o n  

m a in l y  by ly m phocy tes ,  plasma c e l l s  and macrophages w i t h  a l e s s e r  

n-umber o f  m u l t i n u c l e a t e d  g i a n t  c e l l s  and e o s i n o p h i l s  (F igu re  23 ) .

In some l o b u l e s ,  t h e r e  was a l s o  f i b r o s i s  o f  the  i n t e r - a l v e o l a r  

septa  w i t h  a l v e o l a r  e p i t h e l i a l  h y p e r p la s ia  ( F ig u re  24) and even 

app a ren t  f o c a l  m e t a p la s i a ,  where the  a l v e o l i  were l i n e d  by c e l l s  

resem b l ing  those  o f  the  b r o n c h i o l a r  e p i t h e l i u m .

Granulomata (F ig u re  25) were p resen t  in a lm os t  eve ry  case but  

t h e i r  numbers decreased as the  e x te n t  o f  the  se p ta l  f i b r o s i s  i n 

creased ,  Most granu lomata  c o u ld  be c l a s s i f i e d  as e p i t h e l i o i d  

because they had a c e n t r a l  core  o f  n e u t r o p h i l s  surrounded by 

e p i t h e l i o i d  c e l l s  and an outer  r i n g  o f  l ym phocy tes ,  plasma c e l l s  

and a few m u l t i n u c l e a t e d  g i a n t  c e l l s  (F igu re  2 6 ) .  F i b r o b l a s t s  

were a l s o  seen t o  be i n t e r m in g l e d  w i t h  the  l a t t e r  c e l l  types  and 

t h e r e  was obv ious  f i b r o s i s  around many g ranu lomata .  These 

e p i t h e l i o i d  granu lomata  d id  no t  c o n t a in  any demonst rab le  o rgan isms,  

u n l i k e  the  " a s t e r o i d "  bod ies  in the  c e n t r e  o f  wh ich  fungal  e lements 

were observed r in g e d  by amorphous e o s i n o p h i l i c  m a t e r i a l  a rranged  in 

c lu b s  and surrounded by m u l t i n u c l e a t e d  g i a n t  c e l l s  (F ig u re  27 ) .

The smal l  g rey  spo ts  wh ich  were one o f  the  c h a r a c t e r i s t i c  

f e a t u r e s  on macroscop ic  exam ina t io n  o f  the  lungs  were the  s i t e s  o f  

e i t h e r  b r o n c h i o l i t i s ,  b r o n c h i o l i t i s  o b l i t e r a n s ,  g ranulomata or 

mononuclear  c e l l  a g g re g a te s .

C a r d io v a s c u la r  system In the  th r e e  cows w i t h  d e f i n i t e  c l i n i c a l  

s ig ns  o f  co r  pulmona le  t h e r e  was r i g h t  v e n t r i c u l a r  h y p e r t ro p h y  

(F igu re  28) and d i l a t a t i o n  o f  the  pulmonary a r t e r i a l  t r u n k .

i n t e r s t i t i a l  emphysema T h is  was not  p re sen t  In any o f  the  45 

c a s e s .
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FIGURE 24 A focus  o f  i n t e r - a l v e o l a r  f i b r o s i s  and h y p e r p la s i a  o f  

the  a l v e o l a r  e p i t h e l i u m  can be seen (H S- E x lOO).

1  ' '

FIGURE 25 An e p i t h e l i o i d  granu lomata  can be seen a d ja c e n t  t o  an 

i n t e r - l o b u l a r  septum; t h e r e  i s  a l s o  a m i l d  c e l l u l a r  

i n f i l t r a t i o n  o f  the  a l v e o l a r  septa (H & E x 3 0 ) .
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FIGURE 26 T h is  is  an e p i t h e l i o i d  g ranu lomata  in wh ich  the c e n t r a l  

co re  o f  n e u t r o p h i l s  is  surrounded by e p i t h e l i o i d  c e l l s  

around wh ich  t h e r e  a re  lymphocytes  and plasma c e l l s .  Two 

m u l t i n u c l e a t e d  g i a n t  c e l l s  a re  a l s o  p resen t  (arrowed)

(H & E X 250) .

FIGURE 27 An " a s t e r o i d  body" in  the  c e n t r e  o f  wh ich  funga l  e lements  

can be seen surrounded by amorphous e o s i n o p h i l i c  (arrowed) 

m a t e r i a l  and m u l t i n u c l e a t e d  g i a n t  c e l l s  (H & E x 250) .
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FIGURE 28 The h e a r t  f rom case C21 is  showing obv ious  r i g h t  

v e n t r i c u l a r  h y p e r t r o p h y  i n d i c a t i v e  o f  co r  pu lmona le .
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In the  cases which  had J u s t  expe r ienced  an acu te  e p isod e ,  

t h e r e  was ev id ence  o f  recen t  I n t r a - a  I v e o l a r  haemorrhage w i t h  oedema 

f l u i d ,  n e u t r o p h i l s  and macrophages in the a l v e o l a r  spaces as w e l l  as 

n e u t r o p h i l s ,  macrophages and s m a l l e r  numbers o f  plasma c e l l s  and 

lymphocytes in  the  i n t e r - a l v e o l a r  septa (F igu re  2 9 ) .  C h a r a c t e r i s t i c  

e p i t h e l i o i d  granu lomata  w i t h  m u l t [ n u c l e a t e d  g i a n t  c e l l s  were a l s o  

p r e v a l e n t .  Mucus, f r e e  red b lood  c o rp u s c le s  and n e u t r o p h i l s  were 

p resen t  in t h e  lumina o f  some b ronch i  and b r o n c h io l e s .  in the  lamina 

p r o p r i a  t h e r e  were numerous plasma c e l l s  and some f o c i  o f  haemorrhage,  

oedema and i n f i l t r a t i o n  o f  n e u t r o p h i l s  and e o s i n o p h i l s .  B r o n c h i o l i t i s  

o b l i t e r a n s  w a s  w idespread in a l l  lobes and a d i f f u s e  i n f i l t r a t e  o f  

lymphocytes and h a e m o s id e r i n - c o n t a in i n g  macrophages was p resen t  in the  

p e r i - b r o n c h i o l a r  c o n n e c t i v e  t i s s u e .

Widespread pulmonary f i b r o s i s  was the  most obv ious  l e s i o n  In 

cases In wh ich  r e s p i r a t o r y  s ig n s  had p e r s i s t e d  f o r  a c o n s i d e r a b l e  t im e .  

Because o f  the  f i b r o s i s ,  the  lungs  were up to  t w i c e  as heavy as normal 

and a l s o  p a le r  in c o l o u r  (F ig u re  30} than lungs f rom a h e a l t h y  e x 

sangu ina ted  bov ine  (F ig u re  3 1 ) .  Les ions  o f  b r o n c h i t i s ,  b r o n c h i o l i t i s ,  

b r o n c h i o l i t i s  o b l i t e r a n s ,  c e l l u l a r  i n f i l t r a t i o n  o f  the  i n t e r - a l v e o l a r  

septa  and e p i t h e l i o i d  g ranu lomata  were found a l s o .  The i n f i l t r a t i o n  

o f  the  i n t e r - a l v e o l a r  septa was m o s t l y  by lymphocytes  and plasma c e l l s  

and was i n v a r i a b l y  m u l t i - f o c a l .  The granu lomata  c o n s i s te d  o f  

agg rega tes  o f  mononuc lear  c e l l s  w i t h o u t  an obv ious  c e n t r a l  co re  o f  

n e u t r o p h i l s .  In the  l o b u le s  t h a t  were s e v e r e l y  f i b r o t i c ,  the  a l v e o l a r  

e p i t h e l i u m  o f  many a c i n i  was o f t e n  rep laced  by t a l l  co lumnar ,  

c i l i a t e d  o r  m u c o u s -s e c re t in g  c e l l s  resemb l ing  those  o f  the  b r o n c h i o l a r  

e p i t h e l i u m .  in some a l v e o l a r  spaces,  many a l v e o l a r  macrophages or  

foamy desquamated t y pe  I I  pneumonocytes  were seen.  Areas o f  c y s t i c  

change were a l s o  i d e n t i f i e d  in some o f  the  more f i b r o s e d  l o b u le s .  The 

smal l  c y s t i c  spaces (3-5 mm in  d ia m e te r )  were v i s i b l e  u s u a l l y  a t  the  

edge o f  the l o b u l e s .  No p a r t i c u l a r  d i s t r i b u t i o n  p a t t e r n  f o r  the  

f i b r o s i s  o r  the  c y s t i c  changes was recogn ise d .



FIGURE 29 There i s  e x t e n s i v e  i n t r a - a 1v e o l a r  haemorrhage and

c e l l u l a r  i n f i l t r a t i o n  o f  the  a l v e o l a r  septa (H & E x 100).
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FIGURE 30 T h is  lung  f rom a l o n g - s t a n d in g  case o f  c h r o n i c  f a r m e r ' s  

lung is  pa le  in c o l o u r .

F IGURE 31 T h is  se t  o f  h e a l t h y  lungs  f rom a c a l f  show the  t y p i c a l

p i n k  c o lo u r  in an animal  t h a t  has been e xsa n g u ina ted .

231



D I S C U S S I O N

T!ie most s i g n i f i c a n t  f i n d i n g  on macroscop ic  e x a m in a t io n  o f  

the  lungs  o f  t i ie  45 an im a ls  in  t h i s  s e r i e s  was the  app a ren t  l a c k  o f  

d ra m a t i c  pulmonary l e s i o n s  even in those  most s e v e r e l y  a f f e c t e d .

However,  t o  the  d i s c e r n i n g  p a t h o l o g i s t ,  t y p i c a l  and o f t e n  w idespread  

a b n o r m a l i t i e s  cou ld  be observed on c lo s e  e x a m in a t io n .  The most 

obv ious  l e s i o n s  were the  smal l  grey spots  wh ich  were a lm os t  a lways 

s i t u a t e d  in  t h e  m id d le  o f  a lung l o b u le  around the  edge o f  wh ich  t h e r e  

was a pa le  zone. There a re  few d e s c r i p t i o n s  o f  the  macroscop ic  

appearance o f  lungs  f rom human p a t i e n t s  w i t h  a c u te  f a r m e r ' s  lung  s ince  

v i r t u a l l y  a l l  the  m a t e r i a l  has been o b ta in e d  f rom lung b io p s ie s  (6 0 ,

7 1 , 234) .  N e v e r t h e le s s ,  in  one case (259) the  surgeon s t a t e d  t h a t  

t h e r e  were numerous s u b - p le u r a l  nodu les  and, in  a n o t h e r ,  nodu les  were 

seen on the  c u t  s u r f a c e  o f  eve ry  lung  lobe  (22) .

The v a r io u s  l e s i o n s  recogn ised  on m ic r o s c o p ic  e xam in a t io n  o f  

t he  c a t t l e  lungs  were i d e n t i c a l  t o  those  wh ich  had a l r e a d y  been 

d e s c r ib e d  in man (14,  6o, 71, 86, 234, 259) .  An in te n s e  mononuclear  

c e l l u l a r  I n f i l t r a t i o n  o f  the  I n t e r - a l v e o l a r  septa was w idespread  in a l l  

the  a cu te  and in  many o f  the  c h r o n i c  bov ine  cases.  Where t h e r e  was 

e x te n s i v e  f i b r o s i s ,  t h e r e  were o n l y  s c a t t e r e d  f o c i  o f  mononuclear  c e l l s .  

T h is  may have i n d i c a t e d  t h a t  a c o n s i d e r a b l e  p e r io d  o f  t ime had e lapsed 

s in c e  the  animal  had l a s t  been exposed to  mouldy hay o r  perhaps t h a t  

t h e r e  had been an a l t e r a t i o n  in  the  a b i l i t y  o f  the  f i b r o s e d  lung t o  

respond f u l l y  t o  f u r t h e r  immunological  a s s a u l t .

B r o n c h i o l i t i s  o b l i t e r a n s  was found in 25 per c e n t  o f  the  

b io p s ie s  in one la r g e  s e r i e s  o f  a c u te  human cases (71 ) .  in  c o n t r a s t ,  

t h i s  l e s i o n  was seen in the  a i rw a y s  in  e ve ry  one o f  t h e  bov ine  cases 

p ro b a b ly  because more s e c t i o n s  were a v a i l a b l e  f o r  e x a m in a t io n .  The. 

obi  i t e r a t i v e  l e s i o n s ,  a lm o s t  p o l y p - l i k e  in some a re a s ,  were most 

e x te n s i v e  and d ra m a t i c  in the  a cu te  form o f  the  d is e a s e .  In the  more 

l o n g - s t a n d in g  cases ,  the  a i rw a y s  were d i s t o r t e d  as a r e s u l t  o f  permanent  

damage. T h is  had p ro b a b ly  r e s u l t e d  f rom lo c a l  h y p e r s e n s i t i v i t y  ep isodes  

because i t  has been n o t i c e d  In man t h a t  i n t e r s t i t i a l  f i b r o s i s  developed 

in  the  same areas t h a t  parenchymal i n f i l t r a t i o n  o ccu r re d  (71 ) .

W e l l - d e f i n e d  granu lomata  were p re sen t  in e ve ry  a cu te  bov ine  

case and a l s o  in many o f  the  c h r o n i c  cases.  In the  l a t t e r  group  in 

wh ich  the  i n t e r s t i t i a l  f i b r o s i s  was more w id esp read ,  agg rega tes  o f  

i tononucl ear  c e l l s  were observed  in the  i n te. r -a I veol  a r se p ta .  The
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m u l t î n u c l eated g i a n t  c e l l s  comnonly seen towards the  p e r ip h e r y  o f  

these  g ranu lomatous l e s i o n s ,  were m o r p h o l o g i c a l l y  s i m i l a r  t o  those  o f  

the  |..anghans“ type  a l though ,  o th e r s  s i m i l a r  t o  the  " f o r e i g n  body" type  

were a l s o  seen.  Seal and o th e r s  (1968) found e p i t h e l i o i d  g ranu lomata  

.o n ly  in  the  a cu te  form o f  the  human d isease  whereas in these c a t t l e ,  

g ranu lomata  were p resen t  in both a cu te  and c h r o n i c  fo rms.  Consequent 

l y ,  t h e i r  presence Is more l i k e l y  t o  be c o n f i r m a t i o n  o f  r e l a t i v e l y ,  

re c e n t  exposure to  mouldy hay r a t h e r  than m ic r o s c o p ic  ev idence  o f  a 

re c e n t  c l i n i c a l  a cu te  ep isode  o f  f a r m e r ' s  lung.  Granulomata a re  sa id  

t o  take  up t o  t h r e e  weeks t o  deve lo p  in  man and up t o  12 months to  

r e s o l v e  (234) .

A l t h o u g h  f o r e i g n  m a t e r i a l ,  p ro b a b ly  o f  p l a n t  o r i g i n ,  was 

i d e n t i f i e d  in severa l  o f  these  cases ,  i t  was n o t  a common f i n d i n g  and 

tended t o  be a s s o c ia te d  w i t h  known re c e n t  exposure to  ve ry  mouldy hay. 

Other l e s i o n s  which were seen in  cases examined w i t h i n  a few days o f  

an a c u te  ep isode  inc lude d  i n t r a - a l v e o l a r  haemorrhage,  pulmonary oedema, 

a p re d o m in a te ly  mononuc lear  c e l l u l a r  i n f i l t r a t i o n  o f  the  i n t e r - a l v e o l a r  

septa and s i m i l a r  c e l l  t ypes w i t h i n  the  a l v e o l a r  spaces.  In the  

pulmonary b lood  ve s s e ls  o f  a cu te  human cases ,  Seal and o th e rs  (1968) 

observed s w e l l i n g  o f  the  muscle f i b r e s  and v a c u o l a t l o n  o f  the  e n d o t h e l 

i a l  c e l l s .  That  t h i s  was a t r u e  " v a s c u l i t i s "  (233) was q ue s t io n e d  by 

Emanuel (1974) who co ns ide re d  t h a t  these  changes were s im p ly  the  r e s u l t  

o f  pulmonary h y p e r t e n s i o n .  The v a s c u l a r  l e s i o n s  d es c r ib e d  above 

(233,  234) have not  been observed so f a r  In acu te  bov ine  cases a l t h o u g h  

h y p e r t r o p h y  o f  the  media o f  the  b lood  vessel  w a l l s  and r i g h t  v e n t r i c u l a r  

h y p e r t r o p h y  i n d i c a t i n g  pulmonary h y p e r t e n s io n  was seen in the  t h r e e  

cases w i t h  obv ious  c l i n i c a l  ev id ence  o f  co r  pulmonale .

The c y s t i c  changes wh ich  a re  so o f t e n  found In the  upper lung  

lobes o f  c h r o n i c  f a r m e r ' s  lung p a t i e n t s  (234) were r a r e l y  d e te c te d  In 

c a t t l e .  T h is  form o f  change Is found most o f t e n  in  t e r m in a l  cases and 

so the  d u r a t i o n  o f  exposure r e q u i r e d  f o r  t h e i r  development is l i k e l y  to  

be severa l  t im es  g r e a t e r  than the  l i f e  expec tancy  o f  the  average d a i r y  

cow. On the  o t h e r  hand,  the  l a c k  o f  c y s t i c  change c o u ld  be a 

m a n i f e s t a t i o n  o f  the  d i f f e r e n c e s  in the  pulmonary anatomy between man 

and c a t t l e  o r  even the  r e s u l t  o f  d i f f e r e n c e s  in t h e i r  response t o  

in h a le d  a l l e r g e n s .

in  the  cases w i t h  w idespread  pulmonary f i b r o s i s ,  the  lungs  

were up to  tw ic e  as heavy as normal and t h i s  o ccu r re d  in the  absence o f

W t) Û



pulmonary oedema. There was no obv ious  d i f f e r e n c e  in the. degree o f  

f i b r o s i s  between the  upper and lower  areas o f  the  lungs  in c a t t l e  

whereas in man f i b r o s i s  a s s o c ia te d  w i t h  f a r m e r ' s  lung is  sa id  t o  b.e 

more severe  in the upper lobes  (8g,  234).

The c h a r a c t e r i s t i c  p a t h o l o g i c a l  f e a t u r e s  o f  the  common 

r e s p i r a t o r y  d iseases  o f  a d u l t  c a t t l e  ( o ld e r  than two years )  In 

B r i t a i n  t h a t  a re  o f  use in  d i f f e r e n t i a l  d ia g n o s is  have been de sc r ibe d  

in d e t a i l  and i l l u s t r a t e d  by Breeze and o th e r s  (1975).  The s a l i e n t  

f e a t u r e s  have been summarised in Tab le  75. In f a r m e r ' s  lu n g ,  t h e re  

a re  no d ra m a t i c  macroscop ic  l e s i o n s  compared w i t h  a c u te  b a c t e r i a l  

pneumonia. The mononuclear  c e l l u l a r  i n f i l t r a t i o n  o f  the  a l v e o l a r  

septa and w a l l s  Is t y p i c a l  o n l y  o f  a f a r m e r ' s  l u n g - t y p e  d isease  

( e x t r i n s i c  a l l e r g i c  a l v e o l i t i s ) .  A l t h o u g h  b r o n c h i o l i t i s  o b l i t e r a n s  

can be found in the  d ia p h ra g m a t i c  lobes in some cases o f  p a r a s i t i c  

b r o n c h i t i s  (34) and a l s o  in the  a p i c a l  lobes in some forms o f  c a l f  

pneumonia ( 2 ) ,  the  accompanying l e s i o n s  enab le  a d ia g n o s i s  t o  be made 

w i t h o u t  any d i f f i c u l t y .

D i f f u s e  pulmonary f i b r o s i s  is  no t  uncommon in a d u l t  c a t t l e  

In B r i t a i n  bu t  as y e t ,  f a r m e r ' s  lung  i s  the  o n l y  s p e c i f i c  d isease  w i t h  

wh ich  t h i s  type  o f  change, has been d e f i n i t e l y  a s s o c ia te d  (34,  209).

in the  " a s t e r o i d "  bod ies  wh ich  deve lo p  f o l l o w i n g  the  

i n h a l a t i o n  o f  A s p e r g i l l u s  spores ( 9 ) ,  funga l  e lements  can 

u s u a l l y  be d i s t i n g u i s h e d  in the  c e n t r e  o f  the  l e s i o n .  The nodu les  

a s s o c ia te d  w i t h  r e - i n f e c t i o n  p a r a s i t i c  b r o n c h i t i s  a re  much l a r g e r  than 

the  f a r m e r ' s  lung  g ranu lomata  and they  are  o b v i o u s l y  d i s s i m i l a r  on 

m ic r o s c o p ic  exam in a t io n  (207) .

Fa rm er 's  lung  is  a r e s p i r a t o r y  d isease  o f  a d u l t  c a t t l e  wh ich  

can be d i f f e r e n t i a t e d  r e l a t i v e l y  e a s i l y  f rom o t h e r  r e s p i r a t o r y  

c o n d i t i o n s  because o f  the  presence o f  the  f o l l o w i n g  c h a r a c t e r i s t i c  

l e s i o n s :  mononuclear  c e l l u l a r  i n f i l t r a t i o n  o f  th e  a l v e o l a r  septa and

w a l l s ,  b r o n c h i o l i t i s  o b l i t e r a n s ,  e p i t h e l i o i d  g ranu lomata  end a v a r i a b l e  

degree o f  i n t e r s t i t i a l  f i b r o s i s  (35 ) .
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CHAPTER 5

THE EXPERIMENTAL PRODUCTION OF FARMER'S LUNG IN CATTLE



G E N ERAL I N T R O D U C T I O N

The i n h a l a t i o n  o f  o r g a n ic  dus t  can r e s u l t  in the  development 

o f  two ma jo r  forms o f  h y p e r s e n s i t i v i t y  r e s p i r a t o r y  d isease  in man (52)°  

In the  f i r s t  wh ich  a f f e c t s  o n l y  the  smal l  p r o p o r t i o n  o f  people  who a re  

a t o p i c ,  the  b ronch i  a re  m a in ly  a f f e c t e d  and r e s p i r a t o r y  s ig ns  deve lop  

le s s  than 30 m inu tes  a f t e r  exposure  to  the  r e l e v a n t  a n t i g e n s .  T h is  

i s  a t ype  I h y p e r s e n s i t i v i t y  r e a c t i o n  mediated by n o n - p r e c i p i t a t i n g  

r e a g i n i c  a n t i b o d y  ( i g E ) .  The second type  a f f e c t s  n o n - a to p i c  

i n d i v i d u a l s  and is  due t o  the  repea ted i n h a l a t i o n  o f  o r g a n ic  dus t  

u s u a l l y  over  a p ro longed  p e r i o d .  The r e s p i r a t o r y  symptoms which  

deve lo p  f o u r  t o  s i x  hours a f t e r  exposure  a re  c o ns ide re d  to  be m a in ly  

the  r e s u l t  o f  a p r e c i p i t a t i n g  a n t ib o d y - m e d ia te d  type  M l  o r  A r t h u s -  

t ype  r e a c t i o n  in the  p e r i p h e r a l  gas -exchang ing  p a r t s  o f  the  lu n g s .  

E x t r i n s i c  a l l e r g i c  a l v e o l i t i s  i s  the  name g ive n  to  t h i s  l a t t e r  form o f  

r e s p i r a t o r y  d isease  (196) and ,  s in c e  f a r m e r ' s  lung  was f i r s t  r e p o r te d  

in  1932 ( 4 0 ) , many s i m i l a r  c o n d i t i o n s  have been d e s c r ib e d  (48, 111,

181) .

H y p e r s e n s i t i v i t y  pneumonias have been produced e x p e r i m e n t a l l y  

in  severa l  spec ies  o f  l a b o r a t o r y  an im a ls  in an a t te m p t  t o  unders tand  

the  pa thogenes is  o f  e x t r i n s i c  a l l e r g i c  a l v e o l i t i s  (Tab le  76) .  In 

many o f  these  s t u d ie s  the  an im a ls  were s e n s i t i s e d  w i t h  s o l u b l e  

a n t i g e n s ,  o f t e n  in  comple te  F re und 's  a d j u v a n t ,  g iven  i n t r a - m u s c u l a r l y 

and then  s a c r i f i c e d  a f t e r  a s i n g l e  aeroso l  c h a l l e n g e .  T h is  type  o f  

e x pe r im en ta l  approach f a i l s  t o  take, i n t o  account  p o s s i b l e  d i f f e r e n c e s  

in the  pulmonary anatomy and immune respons iveness  o f  the  expe r im en ta l  

a n im a ls  compared w i t h  man and a l s o  the  c u m u la t i v e  e f f e c t s  o f  f r e q u e n t  

and v a r i e d  exposures t o  p a r t i c u l a t e  a n t ig e n s  in h a le d  over a p ro longed  

p e r i o d .  These o b j e c t i o n s  m ig h t  be overcome i f  i t  were p o s s i b l e  t o  

s tudy  a form o f  e x t r i n s i c  a l l e r g i c  a l v e o l i t i s  t h a t  o ccu r re d  n a t u r a l l y  

in  an animal  s p e c ie s .  Fa rm er 's  lung has been shown t o  be a n a t u r a l l y -  

o c c u r r i n g  r e s p i r a t o r y  d isease  o f  c a t t l e  (207,  291) and so t h i s  

spec ies  would appear  t o  be an a p p r o p r i a t e  model w i t h  wh ich  t o  beg in  an 

e x pe r im e n ta l  i n v e s t i g a t i o n  o f  e x t r i n s i c  a l l e r g i c  a l v e o l i t i s .

The f o l l o w i n g  e xpe r im en ts  were undertaken  in  o rd e r  t o  f i n d  

o u t  whether c l i n i c a l  s ig n s  and pulmonary l e s i o n s  s i m i l a r  t o  those  

o c c u r r i n g  in the  bov ine  form o f  f a r m e r ' s  lung cou ld  be produced under 

c o n t r o l l e d  c o n d i t i o n s .  The e xpe r im en ta l  d e t a i l s  were as f o l l o w s :
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Exper iment  ) -  Four c a lv e s  were c o n t i n u a l l y  exposed to  mouldy hay

f o r  ten  weeks and then  s la u g h te r e d .

Exper iment  2 -  Four c a lv e s  were exposed t o  an a e roso l  o f  }-U fa e n i

a n t i g e n s  f o r  a p e r io d  o f  30 m inu tes  every  week f o r  11 su ccess ive

weeks.

Exper iment  3 -  Four c a lv e s  were exposed to  mouldy hay dus t  f o r  a

p e r io d  o f  30 m inu tes  eve ry  week f o r  11 success ive  weeks.

Exper iment  4 -  A t  the  end o f  Exper iments  2 and 3 two c a lv e s  were

s e le c te d  f rom eacii group and then exposed c o n t i n u a l l y  t o  mouldy hay 

f o r  a t o t a l  o f  18 weeks b e fo re  be ing s l a u g h te r e d .



E X P E R I M ENT 1

MATERIALS AND METHODS

Exper imenta l  a n im a ls  (EA)

The e x p e r im e n ta l  a n im a ls  (EA73, EA74, EA75, EA7&) were f o u r  

month o l d ,  p a r a s i t e - f r e e ,  c a s t r a t e d  F r i e s i a n  c a lv e s  none o f  wh ich  had 

been t r e a t e d  f o r  r e s p i r a t o r y  d is e a s e .  In a d d i t i o n  t o  the  mouldy hay 

(see below) wh ich  was t h e i r  o n l y  source o f  roughage,  5 l b  per head per 

day o f  commercia l  c a l f - r e a r i n g  p e n c i l s  (BOCM-Si1 c o c k s , B a s in g s to k e ,  

England) were fed .

Method and d u r a t i o n  o f  exposure

The f o u r  c a lv e s  were kep t  in  a l o o s e -b o x  (13.5  x 13.5 x 9 -  

1640 c u . f t . )  w i t h  the  door and window permanen t l y  s h u t .  Every 

morn ing  and even in g  f o r  ten  weeks abou t  30 l b  o f  mouldy baled  hay was 

t h o r o u g h l y  shaken o u t  and l e f t  on the  f l o o r .  The hay been purchased 

f rom the  owner o f  herd FL3 (Chapter  3,  S ec t ion  I I ) .

C l i n i c a l  exam in a t io n

These c a lv e s  were looked  a t  d a i l y  f o r  s ig n s  o f  r e s p i r a t o r y  

d isease  and a f u l l  c l i n i c a l  e xa m ina t io n  was c a r r i e d  ou t  a t  the  end o f  

the  e x p e r im e n t .

Blood samp les

Blood was taken f rom the  j u g u l a r  v e in  b e fo re  the  expe r im en t  

began and a t  f o u r ,  seven and ten  weeks p o s t -e x p o s u re .  A f t e r  the  

samples had been spun a t  1300 g f o r  30 m in u te s ,  the  serum was removed 

and stor-ed a t  -20°C u n t i l  r e q u i r e d .

P r e p a r a t i o n  o f  M ic r o p o ly s p o r a  f a e n i  a n t i g e n s

The methods o f  p r e p a r in g  the  ^  f f . g l l l  ’ gens f o r  use in

the  doub le  d i f f u s i o n  t e s t  were i d e n t i c a l  t o  those  a l r e a d y  d e s c r ib e d  

in  Chapter  3 i  S e c t io n  I I .

Double d i f f u s i o n  t e s t

The p rocedure  f o r  the  doub le  d i f f u s i o n  t e s t  'was i d e n t i c a l  

t o  t h a t  a l r e a d y  d e s c r ib e d  in Chapter  3,  S e c t io n  I I .

S



P a t h ü l o g î c a 1 e x a m i n â t  i o n

A t  the  end o f  the  exper i men t , the  ca lve s  were s la u g h te r e d  

humanely and e xsan g u in a te d .  Severa l  p o r t i o n s  o f  t i s s u e  

r e p r e s e n t a t i v e  o f  a l l  lobes  o f  the  lungs and b r o n c h ia l  t r e e  a t  v a r io u s  

l e v e l s  were c o l l e c t e d  f rom each a n im a l .  The t i s s u e s  were f i x e d  in 

c o r r o s i v e  fo rmo l  o r  10 per  cen t  f o r m a l i n ,  dehydra ted  and doub le  

embedded in  cel  l o i  d in  and in p a r a f f i n  wax in  a vacuum. The s e c t i o n s  

were c u t  a t  8 m ic rons  and s t a i n e d  w i t h  h aem atoxy l in  and e o s in .

RESULTS 

Sero ioqy

A f t e r  f o u r  weeks exposure  t o  mouldy hay ,  p r e c i p i t a t i n g  

a n t i b o d i e s  t o  M. fa e n i  were d e te c te d  in t h r e e  c a lve s  (Table 77) and 

a f t e r  seven weeks,  they  were p re se n t  in the  sera o f  a l l  f o u r  . a n im a ls , 

But  when s la u g h t e r e d ,  EA73 was p r e c i p i t i n - n e g a t i v e .

Cl i n i c a l  s ig ns

Du r ing  the  ten  week p e r io d  t h a t  the  f o u r  c a lve s  were in the  

lo o se -b o x  and bedded w i t h  mouldy hay,  no change In t h e i r  r e s p i r a t o r y  

d isease  s t a t u s  was obse rved .  Every c a l f  was seen to  cough o c c a s i o n 

a l l y  p a r t i c u l a r l y  d u r in g  the  t im e  t h a t  the  hay was a c t u a l l y  being  

shaken o u t .  The c a lv e s  were never a n o re x i c  or  d u l l  and t h e i r  r e s t i n g  

r e s p i r a t o r y  ra t e s  remained a t  30-40 per m inu te  d u r in g  the  whole o f  the 

e xpe r im en t .  A d v e n t i t i o u s  lung sounds were not  d e te c te d  on a u s c u l t a 

t i o n  j u s t  p r i o r  t o  nec ropsy .

Macrosco p i c  p a th o log y

A few small  g rey  spots  le s s  than 1 mm in s i z e  were seen 

s c a t t e r e d  in some l o b u le s  in c r a n i a l  p a r t s  o f  the  lungs  o f  EA73 and 

EA7&. There were no obv ious  l e s i o n s  in the  lungs o f  EA74 and EA75.

M ic r o s c o p i c  p a th o log y

E s s e n t i a l l y  s i m i l a r  l e s i o n s  were p resen t  in  a l l  f o u r  a n im a ls ;  

they  were most pronounced in  EA76, were s l i g h t l y  le s s  severe in EA73 

and were l e a s t  e x te n s i v e  in  EA74 and EA75.

There was a m i l d  b r o n c h i t i s  in  EA75 and EA76 w i t h  a s l i g h t  

in c re ase  In the  numbers o f  lymphocytes and plasma c e l l s  in th e  lamina
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T A B L E  7 7

The temporal  development o f  p r e c i p i t a t i n g  a n t i b o d i e s  t o  

M ic r o p o ly s p o r a  f a e n i ,  the  c l i n i c a l  s igns  and c om para t ive  s e v e r i t y  o f  

the  p a t h o l o g i c a l  l e s i o n s .

P r e c i p i t i n s  t o  M. f a e n i  Comparat ive
C a l f  -----------------------------------------------------------------------------  C l i n i c a l  P a th o lo g i c a l

No. P re -exposure  Week 4 Week 7 Week 10 Signs Score

EA73

EA74

EA75

EA76

O



p r o p r i a  o f  the smal l  b r o n c h i .  Some n e u t r o p h i l s  were seen m i g r a t i n g  

th rough  the b r o n c h ia l  e p i t h e l i u m .  No b r o n c h i o l i t i s  o b l i t e r a n s  o r  

w e l l - d e v e lo p e d  e p i t h e l i o i d  g ranu lomata  were found a l t h o u g h  severa l  

s e c t i o n s  were examined f rom each b lo c k .  C o n s id e ra b le  a c c u m u la t io n s  

o f  lymphocytes and macrophages,  a lm os t  f o rm in g  smal l  n o d u le s ,  were 

seen in  th e  c o n n e c t i v e  t i s s u e  around the  b r o n c h i o l e s ,  p a r t i c u l a r l y  

the  t e r m in a l  b r o n c h i o l e s ,  and i n f i l t r a t i o n  f ront  these  s i t e s  extended 

i n t o  th e  a d ja c e n t  a l v e o l a r  w a l l s .  A few o f  the  agg rega tes  in the  

p e r i “ b r o n c h i o l a r  t i s s u e  o f  EA?6 had c e n t r a l  haemorrhage.

There  were f o c a l  i n f i l t r a t i o n s  o f  the  a l v e o l a r  septa  by 

macrophages and lymphocytes w i t h  some plasma c e l l s  and o c c a s i o n a l l y  

e o s i n o p h i l s .  Small a c c u m u la t io n s  o f  c e l l s ,  which were m o s t ly  

macrophages,  were a l s o  seen.  M u l t i n u c l e a t e d  g i a n t  c e l l s  were 

d is c o v e re d  in £A75 and EA76 and in  one c e l l ,  b rownish  r e f t a c t i l e  

m a t e r i a l ,  p o s s i b l y  o f  p l a n t  o r i g i n ,  was seen.  The m u l t { n u c le a t e d  

g i a n t  c e l l s  were p re s e n t  in a l v e o l a r  a i r  spaces a d j a c e n t  t o  t h i c k e n e d  

s e p ta .  However, the  a i r  spaces were u s u a l l y  c l e a r  and the  c e l l u l a r  

i n f i l t r a t i o n  was g e n e r a l l y  i n t e r s t i t i a l  in  the  a l v e o l a r  septa  and 

wa 11s.

Lymphocytes and plasma c e l l s  were seen in  moderate numbers 

In some i n t e r - l o b u l a r  septa  around i n f i l t r a t e d  l o b u l e s .  The i n t e r 

l o b u l a r  septa were not  s i g n i f i c a n t l y  t h i c k e n e d .
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E X P E R I M E N T  2

MATERIALS AND METHODS 

Exper imen ta l  an im a ls  (EA)

The f o u r  a n im a ls  (EA6, EA7, EA17, EA20) were f i v e  t o  s i x  

month o l d ,  p a r a s i t e - f r e e ,  c a s t r a t e d  F r i e s i a n  c a lv e s  none o f  wh ich  had 

been t r e a t e d  f o r  r e s p i r a t o r y  d is e a s e .  They were g ive n  good q u a l i t y  

hay ad l i b i t u m  and 7 t o  8 l b  o f  a commercia l  c a l f  r e a r i n g  c o n c e n t r a te  

(BOCM-Si l  cocks ,  B a s in g s to k e ,  E ng la nd ) .  These f o u r  c a lve s  were 

housed t o g e t h e r  w i t h  the  f o u r  c a l v e s  on Exper iment  3 and f o u r  

en v i ronm e n ta l  c o n t r o l  a n im a ls  in  two pens in a l a r g e  a i r y  b u i l d i n g .

Method and d u r a t i o n  o f  exposure

The f o u r  c a lv e s  were exposed f o r  30 m inu tes  t o  an a e roso l  

o f  M. fa e n i  ant igens  gene ra ted  by a W r ig h t  n e b u l i s e r  (Aerosol  P roduc ts  

(C o lc h e s te r )  L t d . ,  London) .  The n e b u l i s e r  was connected  t o  a small  

funn e l  i n s e r t e d  th roug h  a h o le  in  t h e  bot tom o f  a p l a s t i c  b ucke t .  A 

f i r m  ca rdboard  cove r  was p laced  over the  top  o f  t h e  bucke t  and in the  

c e n t r e  o f  t h i s ,  t h e r e  was a h o le  i n t o  which the  a n t e r i o r  p a r t  o f  the  

c a l f ' s  head was i n s e r t e d .  The p a i l  was then kept  in p la ce  by be ing  

t i e d  t o  the  c a l f ' s  h a l t e r .  The c a l v e s  were exposed once per week f o r  

11 s uccess ive  weeks and, d u r i n g  the  30 m in u te  a e r o s o l i s a t  ion p e r i o d ,  

f rom 1 .5  t o  2 .0  ml o f  a n t i g e n  s o l u t i o n  was a e r o s o l i s e d .

The M. f a e n i  a n t i g e n  p r e p a r a t i o n  f o r  a e r o s o l Î s a t Î on was 

d e r i v e d  f rom s t r a i n  IMI 134o62 wh ich  had been grown on h a l f - n u t r i e n t  

agar  s lo pes  in u n i v e r s a l  b o t t l e s  f o r  s i x  days.  The c u l t u r e  g rowth  

vjas then scraped o f f ,  mixed w i t h  10-12 ml o f  s t e r i l e  w a te r  and made 

i n t o  a u n i f o r m  s o l u t i o n  by m ix in g  in a t i s s u e - g r i n d e r  f o r  f i v e  m inu tes  

T h is  s o l u t i o n  was used t o  i n o c u l a t e  7 l i t r e s  o f  h a l f - n u t r i e n t  b ro th  

in  a b u l k  f e r m e n te r  wh ich  had been developed j o i n t l y  in the Myco logy  

l a b o r a t o r i e s  o f  the  Departments o f  Botany and Chemis t ry  in  the  

U n i v e r s i t y  o f  Glasgow. A f t e r  t h r e e  days i n c u b a t i o n ,  the c u l t u r e  was 

h a rv e s te d  and s to r e d  in 10 ml a l i q u o t s  a t  -•2o'^C u n t i l  r e q u i r e d  f o r  

a e r o s o l i  sa t  io n .

C l i n i c a l  exam in a t i o n

The c a l v e s  were looked  a t  r e g u l a r l y  f o r  severa l  hours a f t e r  

exposu re  t o  th e  M. f a e n i  a e r o s o l .



B lo od samp le s

Blood was removed f rom the  j u g u l a r  v e in  b e fo re  the  s t a r t  

o f  the  expe r im en t  and then a t  weeks 1, 3, 7 and 10 p o s t -e x p o s u re .  

A f t e r  t h e  samples had been spun a t  1300 g f o r  30 m in u te s ,  the  serum 

was taken o f f  and s to r e d  a t  -20^0 u n t i l  r e q u i r e d .

P r e p a r a t i o n  o f  M ic r o p o ly s p o r a  f a e n i  a n t i g e n s

The methods o f  p r e p a r in g  M. f a e ni  a n t i g e n s  f o r  use in  th e  

doub le  d i f f u s i o n  t e s t  were i d e n t i c a l  t o  those  a l r e a d y  d e s c r ib e d  In 

Chapter  3,  S e c t io n  I I .

Double d i f f u s i o n  t e s t

The p ro cedu re  f o r  th e  doub le  d i f f u s i o n  t e s t  was i d e n t i c a l  

to  t h a t  a l r e a d y  d e s c r ib e d  in Chapte r  3? S ec t io n  I ! .

RESULTS

Sero logy

P r e c i p i t a t i n g  a n t i b o d i e s  t o  M. f aeni  were n o t  d e te c te d  in .. 

any o f  the  samples taken b e fo r e  the  exper im en t  began o r  a f t e r  one,  

t h r e e ,  seven and te n  p e r io d s  o f  exposu re  to  the  a e r o s o l .  P r e c i p i t i n s

were no t  d e te c te d  in any o f  the f o u r  c o n t r o l  c a l v e s .

A p a r t  f rom o c c a s io n a l  co ug h in g ,  d e t e c t a b l e  s ig ns  o f  

r e s p i r a t o r y  d ise ase  were absen t  when these  c a lv e s  were looked a t  

r e g u l a r l y  up t o  s i x  hours  p o s t -e x p o s u re .  S ix  hours a f t e r  the  11 

s u c c e s s i v e  week ly  exposures,  none o f  the ca lv e s  was ta c h y p n o e ic  or  

h y p e rp n o e ic ,  t h e i r  r e c t a l  t em pe ra tu res  were w i t h i n  the  normal range 

and a d v e n t i t i o u s  lung  sounds were n o t  heard on a u s c u l t a t i o n .

Pa tho logy

As n e i t h e r  p r e c i p i t a t i n g  a n t i b o d i e s  to  M. fa e n i  had 

deve loped  nor  c l i n i c a l  s ig n s  o f  r e s p i r a t o r y  d ise a se  had become 

o b v io u s ,  none o f  the  c a l v e s  was s l a u g h t e r e d .
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EX P E R I M E NT 3

MATERIALS AND METHODS

Exper imenta l  an im a ls

The f o u r  a n im a ls  (EA4, EA8, DM6, EA37) were f i v e  t o  s i x  

month o l d ,  p a r a s i t e - f r e e ,  c a s t r a t e d  F r i e s i a n  c a lv e s  none o f  which had 

been t r e a t e d  f o r  r e s p i r a t o r y  d i s e a s e .  They were g iven  good q u a l i t y  

hay ad l i b i t u m  and 7 t o  8 lb  o f  a commercial  c a l f - r e a r i n g  c o n c e n t r a te  

(BOCM-SII cocks ,  B as ings toke ,  Eng la nd ) .  These f o u r  expe r im en ta l  

ca lve s  were housed t o g e th e r  w i t h  the  f o u r  c a lve s  on Exper iment  2 and 

f o u r  env i ronm en ta l  c o n t r o l  an im a ls  in two pens in a l a r g e  a i r y  b u i l d 

ing .

Method and d u r a t i o n  o f  exposure

The c a lve s  were put  i n t o  i n d i v i d u a l  c a l f  boxes ( 4 x 8 x 3 -  

256 cUc, f t . )  and exposed t o  mouldy hay d u s t .  Th is  was ach ieved  by 

v i g o r o u s l y  shak ing  ou t  15-20 l b  v e ry  mouldy hay In the  box and then 

le a v in g  the  c a l f  f o r  10 m in u te s .  T h is  procedure  was c a r r i e d  o u t  

t h r e e  t im es  d u r in g  the  30 m in u te  exposure  p e r io d .  The c a lv e s  were 

exposed t o  mouldy hay dus t  once per week f o r  11 su ccess ive  weeks.

The hay used In t h i s  expe r im en t  came f rom farm FL3 (Chapter 3,

S e c t io n  I ! )  and was p a r t  o f  the  same consignment as t h a t  used in 

Exper iment  1.

C l i n i c a l  e xam ina t ion

The c a lv e s  were looked  a t  r e g u l a r l y  f o r  severa l  hours a f t e r  

exposure  t o  the  mouldy hay d u s t .

Blood samples

Blood was removed f rom th e  j u g u l a r  v e in  b e fo re  the  s t a r t  o f  

the  expe r im en t  and then  a t  weeks 1 , 3 , 7  and 10 p o s t -e x p o s u re .

A f t e r  these samples had been spun a t  1300 g f o r  30 m in u te s ,  the  serum 

vias, taken o f f  and s to r e d  a t  -20°C u n t i l  r e q u i r e d .

Prepa r a t i o n  o f  M i c r o p o l y s pora fa e n i  a n t  i gens

The methods o f  p r e p a r in g  the  M. f a e n i  a n t i g e n s  f o r  use in  

the  doub le  d i f f u s i o n  t e s t  were i d e n t i c a l  t o  those  a l r e a d y  d esc r ibe d  

In Chapter  3» S e c t io n  ! ! .

1 y



D o u b l e  d i f f u s i o n  t e s t

The procedure  f o r  the  doub le  d i f f u s i o n  t e s t  was i d e n t i c a l  

t o  t h a t  a l r e a d y  d e s c r ib e d  in Chapter  3, S e c t io n  I I .

RESULTS

Sero logy

P r e c i p i t a t i n g  a n t i b o d i e s  t o  M. fae n i  were no t  d e te c ted  in 

any o f  the  samples taken b e fo re  t h e  exper imen t  began o r  f o l l o w i n g  one,  

t h r e e ,  seven o r  ten p e r io d s  o f  exposure .

C l i n i c a l  s ig ns

W h i le  they were in the  c a l f  boxes and i n h a l i n g  the  mouldy 

hay d u s t ,  t he  ca lv e s  coughed f r e q u e n t l y ,  they  became ta c h y p no e ic  

(Resp* Rate = 4-0-50 per m inu te )  and m odera te ly  h y p e rp n oe ic .  W i t h i n  

15 m inu tes  o f  t h e i r  coming ou t  o f  the  boxes,  t h e i r  f requency  o f  cough

ing decreased m arked ly  and they  re v e r t e d  t o  t h e i r  p re v io u s  r a t e  and 

depth o f  r e s p i r a t i o n .  A p a r t  f rom o ccas ion a l  co ugh ing ,  no obv ious  

s ign s  o f  r e s p i r a t o r y  d isease  were d e te c te d  when these c a lv e s  were 

looked a t  r e g u l a r l y  f o r  up to  s i x  hours  p o s t -e x p o s u re .  None o f  the  

c a lv e s  was hype rpn oe ic  o r  ta c h y p n o e ic  s i x  hours a f t e r  the I I  su ccess 

i v e  week ly  exposu res ;  t h e i r  r e c t a l  tem pera tu res  were w i t h i n  the  

normal range and a d v e n t i t i o u s  lung  sounds were not  heard on a u s c u l t a 

t i o n .

Pa tho loqy

As n e i t h e r  p r e c i p i t a t i n g  a n t i b o d i e s  t o  H. fa e n i  had 

deve loped  nor  c l i n i c a l  s ign s  o f  r e s p i r a t o r y  s ig ns  had become o bv iou s ,  

none o f  the  c a lv e s  was s la u g h te r e d .



EXPERIMENT 4

MATERIALS AND METHODS 

Exper imen ta l  a n i mals (EA)

Four weeks a f t e r  the end o f  Experiments 2 and 3, two an im a ls  

were s e le c te d  f rom Exper iment  2 (E A l7» EA20) and two f rom Exper iment  3 

(EA4, EA16). A t  t h i s  t im e  the  c a lv e s  were a p p r o x im a te l y  e i g h t  

months o f  age. When the-y were not  be ing exposed t o  mouldy hay,  these  

f o u r  an im a ls  were housed in a b ig  a i r y  c o u r t  a lo ng  w i t h  f o u r  

env i ron m en ta l  c o n t r o l  c a lv e s  o f  the  same age f rom the  same farm.

D ur ing  the  course  o f  the  e x p e r im e n t ,  the  expe r im en ta l  and the  c o n t r o l  

c a lv e s  were g iven  8-10 l b  o f  low p r o t e i n  d a i r y  c a t t l e  nu ts  (BOCM- 

S i l c o c k s ,  B a s in g s toke ,  Eng la nd) .and  the  c o n t r o l  c a lve s  were a lways 

g iven  good hay which  was n o t  d u s t y .  Dur ing  t h e i r  p e r io d s  o f  

exposu re ,  the  mouldy hay p ro v id e d  the  e xpe r im en ta l  an im a ls  w i t h  t h e i r  

o n l y  source o f  roughage.  Between these  p e r io d s  o f  exposu re ,  they  

were g iven  good hay wh ich  was no t  d u s ty .

Method and d u r a t i on o f  exposure

W h i le  they  were be ing  exposed t o  mouldy hay d u s t ,  the  fo u r  

e xpe r im en ta l  an ima ls  were kep t  in the  same lo o se -bo x  and under the 

same c o n d i t i o n s  as had been used in  Exper iment  1, Two ba les  o f  hay 

(about  8o lb )  were v i g o r o u s l y  shaken o u t  on to  the  f l o o r  eve ry  morning 

and even in g .  Dur ing  the  course  o f  the  exper imen t  wh ich  l a s t e d  f o r  

a lm os t  12 months,  the  a n im a ls  had f o u r  p e r io d s  o f  exposure  o f  v a r y i n g  

1eng th  (Tab le 77) .

A f t e r  two weeks (January  7 th )  and one week (March 3 rd)  o f  

f reedom from exposure  t o  mouldy hay ,  the  s t i r k s  were exposed 

c o n s t a n t l y  t o  mouldy hay dus t  f o r  one hou r ;  these, p e r io d s  a re  

r e f e r r e d  t o  h e r e a f t e r  as the  f i r s t  and second massive exposures .

The hay used in t h i s  exper im en t  was no t  purchased f rom a 

farmer known to  be s u f f e r i n g  f rom f a r m e r ' s  lu n g ,  but  i t  was so mouldy

t h a t  i t  had been co ns ide re d  u n f i t  t o  feed even t o  s t o r e  c a t t l e .

C l i n i c a l  ex a m in a t io n

Duî’ îng t h e i r  p e r io d s  o f  exposure t o  mouldy hay,  the  

e xpe r im en ta l  a n im a ls  were examined one day per week about  seven to 

e i g h t  hours a f t e r  t h e i r  m o r n in g ' s  exposure .  A t  t h i s  t im e ,  the

1 ^



r e s t i n g  r e s p i r a t o r y  r a t e s , r e c t a l  tem pe ra tu re  and the  f i n d i n g s  o f  

t h o r a c i c  a u s c u l t a t i o n  were reco rded .

F o l l o w in g  the  f i r s t  and second massive exposures to  mouldy 

hay d u s t ,  t he  c a lv e s  were examined a t  h o u r l y  i n t e r v a l s  f o r  12 hours 

and aga in  a t  24 hours p o s t -e x p o s u re .

Blood samples

Blood samples were examined f o r  the  presence o f  p r e c i p i t a t i n g  

a n t i b o d i e s  t o  M. fa e n i  b e fo re  exposure  t o  the  mouldy hay began and, 

d u r in g  the  f i r s t  p e r io d  o f  exposu re ,  a f t e r  two and f i v e  weeks.

Dur ing  the  second and t h i r d  p e r io d s  o f  exposure ,  b lood  samples were 

taken and examined every  week.

Blood samples were taken f o r  haem a to log ica l  e xam ina t io n  j u s t  

b e fo re  the  f i r s t  and second massive exposures and then  subsequen t l y  

as f o l l o w s :  f i r s t  exposure a t  f o u r ,  e i g h t ,  12 and 24 hours p o s t -

exposure  and second exposure  a t  two,  f o u r ,  s i x ,  e i g h t ,  t e n ,  12 and 24 

hours p o s t -e x p o s u re .

P re p a ra t io n  o f  H i c r o p o ly s p o r a  fa e n i  a n t ig e n s

The methods o f  p re p a r in g  the  M. f a e n i a n t i g e n s  f o r  use in 

the doub le  d i f f u s i o n  t e s t  were i d e n t i c a l  t o  those  a l r e a d y  d es c r ib e d  in 

Chapter  3, S e c t io n  I I .

Doubl e  d i f f u s i o n  t e s t

The p rocedure  f o r  the  doub le  d i f f u s i o n  t e s t  was i d e n t i c a l  t o  

t h a t  a l r e a d y  de sc r ib e d  in Chapter  3,  S e c t io n  I I .  The t i t r e s  o f  

p r e c i p i t a t i n g  a n t i b o d y  t o  M. fa e n i  were e s t im a te d  in the  same manner 

as d e s c r ib e d  in Chapter  4 ,  S e c t io n  IV.

Pa t h o l o g i c a l  exam ina t ion

F o l l o w in g  t h e i r  second massive exposure t o  mouldy hay d u s t ,  

EA16 and EA20 were s l a u g h te r e d  humanely and exsangu ina ted  s i x  hours 

p os t -e x p o s u re  and EA4 and EA17 24 hours p o s t -e x p o s u re .  Several  

p o r t i o n s  o f  t i s s u e  r e p r e s e n t a t i v e  o f  a l l  lobes o f  the  lungs  and 

b r o n c h ia l  t r e e  a t  v a r i o u s  l e v e l s  were c o l l e c t e d  f rom each a n im a l .

The t i s s u e s  were f i x e d  in c o r r o s i v e  formol  o r  10 per cen t  f o r m a l i n ,  

dehydra ted  and doub le  embedded in c e l l o i d i n  and in p a r a f f i n  wax in 

a vacuum. The s e c t i o n s  were cu t  a t  8 m ic rons  and s ta i n e d  w i t h  

h ae m a toxy l in  and e o s in .
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RESULTS 

Seroi  oqy

D e te c ta b le  l e v e l s  o f  p r e c i p i t a t i n g  a n t i b o d y  t o  M. f a e n i  had 

deve loped  in a l l  f o u r  a n im a ls  a f t e r  f i v e  weeks d u r i n g  the  f i r s t  p e r io d  

o f  c o n s ta n t  exposure  t o  the  mouldy hay (Tab le 78) .  When the  an im a ls  

were b lood  sampled aga in  22 weeks l a t e r ,  no p r e c î p i t î n s  were d e te c te d .  

However, serum samples liad not  been examined d u r in g  the  22 week p e r io d  

in  wh ich  the  an im a ls  had no t  been exposed t o  mouldy hay.

A t  the  end o f  the  f i r s t  week o f  the second p e r io d  o f  

c o n s ta n t  exposure ,  p r e c i p i t a t i n g  a n t i b o d i e s  were d e te c te d  in EA l6 and,  

by the  end o f  the  second week, EA4 and EA20 were a l s o  p r e c i p i t i n -  

p o s i t i v e .  i t  was o n l y  a f t e r  f o u r  weeks exposure  t h a t  p r e c i p i t i n s  were 

d e te c te d  in E A l7. P r e c i p i t i n s  were subseq ue n t l y  d e te c te d  in every  

sample taken f rom every  c a l f  u n t i l  the  end o f  the  expe r im en t  on the  

3 r d / 4 t h  March.

The t i t r e s  o f  p r e c i p i t a t i n g  a n t i b o d y  t o  M. fa e n i  , wh ich  were 

e s t im a te d  im m ed ia te ly  p r i o r  t o  the  f i r s t  and second massive exposure  

t o  mouldy hay d u s t ,  a re  a l s o  g iven  in Tab le  77. EA20 had the

h i g h e s t  t i t r e  (1/ 16) on both o c c a s io n s .

P r e c i p i t i n s  t o  M. fae n i  were no t  d e te c te d  in  any o f  the  

samples f rom the  f o u r  c o n t r o l  c a l v e s .

C l i n i c a l  e x a m in a t io n

C o ns ta n t  exposure  The r e s u l t s  o f  the  week ly  e xam in a t io n s  

d u r in g  the t h r e e  p e r io d s  o f  c o n s ta n t  exposure  t o  mouldy hay dus t  a re  

g iv e n  in Append ix  3» Tab le  1. Du r ing  these  t h r e e  p e r io d s  o f  c o n s ta n t

exposu re ,  the  f o u r  e x p e r im e n ta l  a n im a ls  were never n o t i c e d  t o  be

e i t h e r  d u l l  o r  a n o r e x i c .  From the  s t a r t  o f  the second p e r io d  o f  

exposure  on 10th November u n t i l  the  expe r im en t  ended on 3 r d / 4 t h  March,  

the  c a lv e s  had o n l y  t h r e e  weeks in  wh ich  they  were no t  e a t i n g  ve ry  

mouldy hay and y e t  t h e i r  w e ig h ts  in c reased  by about  0 .75  lb  per  day 

(Tab le  7 9 ) .

A s i g n i f i c a n t l y  e le v a te d  r e c t a l  tem pe ra tu re  was never 

reco rded  in any o f  these  c a l v e s .

The r e s t i n g  r e s p i r a t o r y  r a te s  were u s u a l l y  w i t h i n  the  

range f rom 30 t o  40 per m in u te .  The h i g h e s t  r a te  recorded

16
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T A B L E  7 9

The w e ig h ts  o f  the  f o u r  ca lve s  a t  the  beg inn ing  and end o f  

Exper iment  k d u r i n g  wh ich  t im e  they  were exposed to  mouldy hay dus t  f o r  

a t o t a l  o f  18 weeks.

Cal f  
No. ,

Weigh t  o f  Calves ( lb )

10 November 3 /4  March
Weight  

Ga I n No. o f  Days
L i vewe Î gh t  

GaIn/Day

EA4 625 85 116 0.73

EAl 6 590 680 SO 115 0 ,7 8

EAl 7 560 650 SO 116 0 .7 8

EA20 675 770 95 115 0.83

1 8



was 50 per m inu te  d u r in g  week 1 in  the  second c o n s ta n t  exposure 

p e r io d  w i t h  EAi6 and in week 5 w i t h  EA4.

Only EA4 and BA16 were seen t o  be cough ing d u r in g  the  

e xam in a t io n  p e r i o d s .  A l t h o u g h  EAl6 was seen t o  cough on fewer 

occas ions  than EA4, i t  d id  so more f r e q u e n t l y .  The p r o d u c t i o n  o f  

mucus was no t  observed .

D u r in g  the  second c o n s ta n t  p e r io d  o f  exposure ,  EAl7 and EA4 

were c o n s ide red  t o  be hype rpnoe îc  on weeks 1 and 6 r e s p e c t i v e l y .  In 

week 4 o f  the  t h i r d  c o n s ta n t  exposure  p e r i o d ,  EA4 and EA20 were 

hyperpnoe îc  and th e  f o l l o w i n g  week,  every  c a l f  was h y p e rp n oe ic .

U n i l a t e r a l  c r a c k l e s  were, heard a n t e r o - v e n t r a  11 y in EA4 a t  

e ve ry  week ly  exam ina t ion  d u r i n g  the  second c o n s ta n t  exposure  p e r io d  

bu t  o n l y  in weeks 1 and 2 d u r i n g  the  t h i r d  p e r io d .  Dur ing  the  

second p e r i o d ,  c r a c k le s  and rhonch!  were heard a n t e r o - v e n t r a 11 y on the  

l e f t  s id e  in EAl 7 in week 3 and in week 5,  occas ion a l  c r a c k le s  were 

heard a n t e r o - v e n t r a 11 y in EA20.

F i r s t  massive e xpo su re The c l i n i c a l  d e t a i l s  a re  g iven  in 

Append ix  3,  Tab le  2. EA4 was tho u gh t  t o  be s l i g h t l y  d u l l  f i v e ,  hours 

p o s t - e x p o s u r e , o th e r w is e  the  a n im a ls  were b r i g h t  and a l e r t  th rou g ho u t  

the  exam in a t io n  p e r i o d .

The r e c t a l  tem pe ra tu res  o f  a l l  the  c a lv e s  were equal  t o  or  

g r e a t e r  than 1 0 2 .5^F a t  seven hours p o s t - e x p o s u r e , A t  t h i s  t im e ,

EA20 had a t em pe ra tu re  o f  103°F and i t  remained c o n s i s t e n t l y  h ig h e r  

■than those o f  the  o t h e r  an im a ls  a t  each o f  the  rem a in ing  s i x  examina

t i o n  p e r i o d s ,  re ach ing  103^F a g a in  n in e  hours p o s t -e x p o s u re ,

EA20 was s l i g h t l y  t a c h y p n o e ic  f rom 8-10 hours p o s t - e x p o s u r e .

C r a c k le s ,  wh ich  were u s u a l l y  u n i l a t e r a l ,  were heard a n t e r o -  

v e n t r a l l y  in EA4 a t  t h r e e ,  seven,  e i g h t  and ten  hours p o s t -e x p o s u re .

Second massive exposure The c l i n i c a l  d e t a i l s  a re  g iven  in 

in  Append ix  3,  T ab le  3. EA20 was tho ugh t  t o  be s l i g h t l y  d u l l  two 

hours p o s t -e x p o s u re ,  o th e r w is e  the  an im a ls  were b r i g h t  and a l e r t  

t h r o u g h o u t  the  e xa m ina t io n  p e r i o d .

A s i g n i f i c a n t l y  e le v a te d  r e c t a l  tem pe ra tu re  was not  recorded  

in  any o f  these a n im a l s ;  EAl6 had the  h ig h e s t  tem pera tu re  (1 0 2 .5°F)
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one hour p o s t -e x p o s u re .

The r e s t i n g  r e s p i r a t o r y  r a te s  s tayed  a t  30 par m inu te  

th r o u g h o u t  the  e x p e r im e n t .

EA16 was s l i g h t l y  hype rpnoe îc  f o u r  hours p o s t - e x p o s u r e .

Rhonchi were heard s n t e r o - v e n t r a l 1 y on the  r i g h t  s id e  o f  EA4 one hour 

and e i g h t  hours p o s t -e x p o s u re .

Haematoloqy

F i r s t  massive  exposure  The d e t a i l s  f rom the  i n d i v i d u a l  

a n im a ls  a re  g iv e n  in Append ix  3, Tab le  4.  F o l l o w in g  exposu re ,  the  

mean t o t a l  w h i t e  c e l l  coun t  in c reased  to  reach a maximum a f t e r  e i g h t  

hours  (Tab le  80) and then  decreased towards the  p re -e xpo su re  v a lu e .

The number o f  n e u t r o p h i l s  decreased in t h r e e  a n im a ls  d u r i n g  the  f i r s t  

f o u r  hours p o s t -e x p o s u re  (EA4 -  302 c e l l s ,  EA l6 - 546 c e l l s ,  EA2Q -  

1401 c e l l s ) .  Dur ing  the  same p e r i o d ,  the  mean number o f  n e u t r o p h i l s  

decreased but  then i t  rose f rom f o u r  t o  e i g h t  hours t o  reach a v a lu e  

t h a t  was g r e a t e r  than the  p re -e x p o s u re  one (F ig u re  3 2 ) ;  t h i s  in c rease  

was s t a t i s t i c a l l y  s i g n i f i c a n t .  The mean inc reased  s l i g h t l y  f rom e i g h t  

t o  12 hours p o s t -e x p o s u re  but  decreased aga in  d u r i n g  the  n ex t  12 h ou rs .

Second massive  exposure  The d e t a i l s  f rom the  i n d i v i d u a l  

an im a ls  a re  g ive n  in  Append ix  3, Tab le  5. F o l l o w in g  exposure ,  the 

mean t o t a l  w h i t e  c e l l  coun t  decreased d u r in g  the  f i r s t  two hours  (Tab le 

80) and,  a f t e r  i t  had r i s e n  to  reacl i  t he  p re -e xpo su re  v a lu e  by e i g h t  

h ou rs ,  i t  decreased s l i g h t l y .  The number o f  n e u t r o p h i l s  decreased in 

eve ry  animal  w i t h i n  th e  f i r s t  two hours  a f t e r  exposure  (EA4 -  6?2 c e l l s ,  

EAl6 -  1004 c e l l s ,  E A l7 -  502 c e l l s ,  EA2Q -  1020 c e l l s ) .  The mean 

remained low f rom two t o  f o u r  hours  p o s t -e x p o s u re ,  then inc reased  t o  

reach a maximum by e i g h t  hours a f t e r  which t im e  i t  g r a d u a l l y  decreased.

When th e  r e s u l t s  f rom the  two niassive exposures  were combined,  

t h e r e  was a s l i g h t  peak in the  mean t o t a l  w h i t e  c e l l  coun t  a t  e i g h t  

hours  p o s t -e x p o s u re  (Tab le  8 0 ) . As b e f o r e ,  t h e  mean number o f  

n e u t r o p h i l s  f e l l  d u r i n g  th e  f i r s t  f o u r  hours p o s t - e x p o s u r e , rose d u r in g  

the  nex t  f o u r  hours a lm o s t  t o  the  p re -expo su re  le v e l  and was then 

d e c l i n i n g  g r a d u a l l y  a t  12 and 24 hours p o s t -e x p o s u re .
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Macroscop ic  p a t h o l o gy

EAi6 A moderate number o f  smal l  g rey spots  less  than 

1 mm in d ia m e te r  were seen in the  a n t e r i o r  and do rsa l  p a r t s  o f  both 

lu n gs .  There was a l s o  an adhes ive  p l e u r i s y  o f  the  d ia p h ra g m a t i c  

lobes  p a r t i c u l a r l y  on the  d o rs a l  s u r f a c e .

EA20 S i m i l a r  bu t  s l i g h t l y  le ss  severe  changes were 

observed in  t h i s  animal  as were seen in EAl6. Fewer smal l  g rey  

spo ts  were seen in the  a n t e r i o r  p a r t s  o f  the  lu n gs .

There was a c o n s i d e r a b l e  number o f  smal l  g rey  spo ts  

in  the  l o b u le s  in the  a p i c a l  lo b e s ,  c a r d ia c  lobes and the  a n t e r i o r  

p a r t s  o f  the  d ia p h ra g m a t i c  lo b e s ,  d o r s a l l y  as w e l l  as v e n t r a l l y .

Some spo ts  were a l s o  p re sen t  on the  do rsa l  borde r  o f  t h e  d ia p h ra g m a t i c  

lo b es .  A s l i g h t  adhes iv e  p l e u r i s y  was p resen t  d o r s a l l y  in  both  

d ia p h ra g m a t i c  lobes and a smal l  focus  o f  c u f f i n g  pneumonia was seen 

in the  v e n t r a l  t i p  of  the  r i g h t  e p i c a l  lobe .

E A l7 A moderate number o f  smal l  grey  spots  was seen in 

the  a n t e r i o r  p a r t s  o f  both  lungs  and a s m a l le r  number was a l s o  

observed in th e  d o rsa l  p a r t s  o f  the  d ia p h ra g m a t i c  lob es .

M ic r o s c o p ic  p a th o io g y

EAl6 There was a m i l d  b r o n c h i t i s  w i t h  n e u t r o p h i l s  in the  

lamina p r o p r i a  and a few were seen m ig r a t i n g  th rough  the  e p i t h e l i u m .  

Several  g l o b u le  le u k o c y te s  and e o s i n o p h i l s  were a l s o  seen in the 

b r o n c h ia l  e p i t h e l i u m .  Several  f o c a l  s i n g l e  lymphoid p e r i b r o n c h i o l a r  

f o l l i c l e s ,  s i m i l a r  t o  those  wh ich  have been d e s c r ib e d  in Exper iment  

were a l s o  observed .  There was t h i c k e n i n g  o f  the  a l v e o l a r  septa and 

w a l l s  by plasma c e l l s ,  macrophages and n e u t r o p h i l s .  W i t h i n  the  

a l v e o l a r  w a l l s  and,  o c c a s i o n a l l y  in  the  a i r  spaces,  t h e r e  were f o c a l  

ac c u m u la t io n s  o f  n e u t r o p h i l s  and a l s o  some bI n u c le a te  macrophages.

An e a r l y  granuloma in the  form o f  a c o l l e c t i o n  o f  macrophages was 

i den t  i f  led .

The a i r  spaces were u s u a l l y  c l e a r  and t h e re  seemed t o  be 

many more n e u t r o p h i l s  than were seen in the f o u r  an ima ls  in 

Exper iment  1.

EA2Q There vas a m i l d  b r o n c h i t i s  w i t h  some n e u t r o p h i l s  

in  the  lamina p r o p r i a .  The number o f  b r o n c h i o l a r  l y m p h o c y t i c  f o c i  

and the  e x te n t  o f  the  a l v e o l a r  w a l l  t h i c k e n i n g  were s i m i l a r  t o  EAî6,
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In the  a l v e o l a r  sep ta ,  two we 11- fo rmed granu lomata  w i t h  e p i t h e l i o i d -  

l i k e  macrophages were seen and,  in one, a c e n t r a l  c o l l e c t i o n  o f  

n e u t r o p h i l s  was I d e n t i f i e d .

EA4 The changes were s i m i l a r  t o  those in the  p re v io u s

two cases but  i t  was th o u g h t  t h a t  th e re  were fewer n e u t r o p h i l s  in t h i s  

animal  a l t h o u g h  I t  would have been d i f f i c u l t  t o  q u a n t i f y  t h i s  

a c c u r a t e l y .  One d e f i n i t e  e p i t h e l i o i d  granu lomata  w i t h  a c e n t r a l  co re  

o f  n e u t r o p h i l s  was seen.

EAl7 Fewer n e u t r o p h i l s  were seen than  in EAl6 b u t ,  in 

genera l  5 the  same changes were observed ,  A granu lomata  was n o t  found 

in  the  s e c t i o n s  examined f rom t h i s  a n im a l .

Changes in the  v a r i o u s  parameters as a r e s u l t  o f  the  f i r s t  

and second massive exposures a re  g iven  in Tab le  81, A f t e r  t h e  f i r s t  

exposure  EA20, wh ich  had the  h i g h e s t  t i t r e  a l s o  had the  most severe  

c l i n i c a l  response and th e  g r e a t e s t  f a l l  in the  number o f  n e u t r o p h i l s  

d u r i n g  the  f i r s t  f o u r  hours p o s t -e x p o s u re .  In EA l7, wh ich  s tayed  

c l i n i c a l l y  no rm a l ,  the  number o f  n e u t r o p h i l s  a c t u a l l y  in c reased  d u r in g  

the  f i r s t  f o u r  hours p os t -e x p o s u re .  There appeared to  be an 

a s s o c i a t i o n  between the  p r e c i p i t a t i n g  a n t i b o d y  t i t r e s ,  the  c l i n i c a l  

responses and the  h a e m a to lo g ic a l  changes. However, f o l l o w i n g  the  

second massive exposure ,  no r e l a t i o n s h i p  was a pp a ren t  between the  

p r e c i p i t i n  t i t r e s ,  the  c l i n i c a l  responses and the  haemat o i o g i c a 1 

changes. On t h i s  o c c a s io n ,  the  s m a l le s t  decrease In the  number o f  

n e u t r o p h i l s  o c c u r re d  in  EA20. The e x te n t  o f  the  macroscop ic  

p a t h o l o g i c a l  changes d id  no t  appear t o  be r e l a t e d  t o  any o f  the  o th e r  

param ete rs .  The m ic r o s c o p i c  changes d id  appear t o  have some 

r e l a t i o n s h i p  w i t h  p r e c i p i t i n  t i t r e ,  perhaps w i t h  c l i n i c a l  response 

a l s o  but  not  t o  h a e m a to lo g ic a 1 changes.

DISCUSSION

In o r d e r  t o  s tu d y  the  development o f  f a r m e r ' s  lu n g ,  c a lv e s  

were exposed f o r  v a r y i n g  p e r io d s  o f  t im e  t o  e i t h e r  mouldy hay d us t  o r  

an a e ros o l  o f  s o l u b le  M. f a e n i  a n t i g e n s .  P r e c i p i t a t i n g  a n t i b o d i e s  

t o  M. f a e n i  were d e te c te d  a f t e r  f o u r  weeks (Exper iment  1) and f i v e  

weeks (Exper iment  4) bu t  o n l y  in c a lve s  t h a t  had been c o n t i n u a l l y  

exposed to  mouldy hay d u s t .  These were both p r im a ry  s e r o l o g i c a l

w %
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responses .  în c o n t r a s t ,  the  development o f  p r e c i p i t i n s  w i t h i n  two 

weeks o f  the  c a lv e s  be ing  re -exposed to  mouldy hay in Exper iment  4 

must have been a secondary response.  T h e r e fo r e ,  I t  can be deduced 

t h a t  the  11 week ly  30 m inu te  p e r io d s  o f  exposure t o  s o l u b l e  M. f a e n i  

a n t ig e n s  (Exper iment  2) o r  t o  mouldy hay dus t  (Exper iment  3) had been 

i n s u f f i c i e n t  t o  s e n s i t i s e  the  c a lv e s  t o  M. f a e n I . T h is  c o n f i r m s  

t h a t  a minimum t h r e s h o ld  o f  a n t i g e n i c  exposure  is  necessary  f o r  

an im a ls  t o  become s e n s i t i s e d  t o  M. f a e n i and t o  deve lop  p r e c i p i t a t i n g  

a n t  i bod i e s .

P r e c i p i t a t i n g  a n t i b o d i e s  developed a f t e r  abou t  14 days in 

r a t s  a e r o s o l I s e d  d a i l y  w i t h  an e x t r a c t  o f  p igeon d ropp ings  (79 ) .  

T h a t . i t  took  up t o  f i v e  weeks f o r  p r e c i p i t i n s  t o  M, fae n i  t o  deve lop  

in  c a lv e s  exposed d a i l y  t o  mouldy hay cou ld  be the  r e s u l t  o f  c a t t l e  

be ing  le s s  e f f i c i e n t  than r a t s  in  p roduc in g  p r e c i p i t a t i n g  a n t i b o d i e s  

o r ,  more l i k e l y ,  t h a t  the  amount o f  H. fa e n i  a n t i g e n  in h a led  v a r i e d  

marked ly  f rom day t o  day.  Under l a b o r a t o r y  c o n d i t i o n s ,  a c o n s ta n t  

amount o f  a n t ig e n  is a v a i l a b l e  f o r  i n h a l a t i o n  d u r i n g  the  whole  o f  the  

exposure  p e r i o d ,  whereas under n a t u r a l  c o n d i t i o n s  o f  exposure  t o  

mouldy hay d u s t ,  the  amount o f  M. f a e n i a n t i g e n  in  the  a i r  can va ry  

enormous ly over a s h o r t  p e r io d  o f  t im e .  When mouldy hay i s  shaken 

up v a s t  numbers o f  spores a re  re le ased  i n t o  the  atmosphere but  a f t e r  

a p p r o x im a te l y  20 m inu tes  o n l y  about  10 per cen t  o f  the  maximum number 

w i l l  p ro ba b ly  s t i l l  be a i r b o r n e  (147) .  In a d d i t i o n ,  i t  has a l r e a d y  

been shown t h a t  mouldy hays do v a ry  in t h e i r  H. fa e n i  a n t i g e n  c o n te n t  

(109,  199) .

I t  has been s t a t e d  t h a t  the  s e v e r i t y  o f  an A r t h u s - t y p e  

response is  p r o p o r t i o n a l  t o  the  t i t r e  o f  p r e c i p i t a t i n g  a n t i b o d y  

(43,  189) and,  assuming t h a t  a cu te  f a r m e r ' s  lung is  the  r e s u l t  m a in ly  

o f  t h i s  t ype  o f  h y p e r s e n s i t i v i t y  r e a c t i o n ,  then the  l a c k  o f  a severe  

c l i n i c a l  response f o l l o w i n g  both  massive c h a l le n g e s  w i t h  mouldy hay 

dus t  can be a t t r i b u t e d  t o  the  r e l a t i v e l y  low p r e c i p i t i n  t i t r e s  a t  the 

t im e  o f  exposure .  However, a m i l d  c l i n i c a l  response ( p y r e x ia ,  

tachypnoea)  d id  deve lop  on one occas ion  w i t h  EA20 which  had the  

h ig h e s t  t i t r e  ( 1 / 1 6 ) .  A l t h o u g h  the  d u r a t i o n  o f  exposure to  mouldy 

hay may no t  have been o p t im a l  w i t h  a v iew t o  m ax im is ing  the  p r e c i p i 

t i n  t i t r e ,  i t  is  a l s o  l i k e l y  t h a t  the  p e r io d s  o f  one and two weeks 

f reedom from exposure t o  mouldy hay dus t  were not  s u f f i c i e n t l y  long 

t o  a l l o w  a b u i l d - u p  o f  th e  p r e c i p i t i n  t i t r e s  and any o th e r  m e d ia to rs  

t h a t  may be r e q u i r e d  f o r  the  pathogenes is  o f  a cu te  f a r m e r ' s  lun g ,
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During  the  p e r io d s  o f  constant,  exposure both tachypnoea and 

cough ing were n o t i c e d .  The tachypnoea was co ns ide red  t o  have been 

more p h y s i o l o g i c a l  than p a t h o l o g i c a l  s in ce  the  atmosphere in the  box 

was s t u f f y  most o f  the  t im e .  The s p o r a d ic  cough ing  cou ld  have been 

due t o  the  d i r e c t  i r r i t a n t  e f f e c t  o f  the  dus t  on the  a i rw a ys  or  p e r 

haps,  th e  r e s u l t  o f  c u f f i n g  pneumonia wh ich is  an endemic c h r o n i c  

r e s p i r a t o r y  d isease  o f  housed c a lv e s  in B r i t a i n  (129) .  Les ions  o f  

c u f f i n g  pneumonia were co n f i rm e d  in EA4 a t  necropsy .

The c a lv e s  g iven  an a e roso l  o f  M. fa  en i a n t i g e n s  f o r  30 

m inu tes  f o r  11 s u ccess ive  weeks (Exper iment  2) d id  not  even deve lop  

d e t e c t a b l e  l e v e l s  o f  p r e c i p i t a t i n g  a n t i b o d y  l e t  a lo ne  a c l i n i c a l  

response.  These f i n d i n g s  a re  in sharp  c o n t r a s t  t o  those  c f  W i l k i e  

( 1976a) who c la im ed  t h a t  hyperpnoea and a s i g n i f i c a n t l y  e le v a te d  

r e s p i r a t o r y  r a t e  developed f rom th r e e  hours up to  48 hours in both

s e n s i t i s e d  and non-sens i t  i sec! ca lves  wh ich  had inha led  M_. faen i

a n t i g e n s  f o r  o n l y  15 m inu tes  once per week on s i x  success ive  

o c c a s io n s .  However, these  a n im a ls  d id  no t  become p y r e x ic  a l t h o u g h  the  

c l i n i c a l  s igns  became more severe  and the  M. fa e n i  h a e m a g g lu t i n a t i n g  

a n t i b o d y  t i t r e  inc reased  w i t h  the  number o f  exposures .

The l a c k  o f  obv ious  s ign s  o f  r e s p i r a t o r y  d isease  in many o f  

the  l a b o r a t o r y  animal  model systems f o r  p roduc in g  e x t r i n s i c  a l l e r g i c  

a l v e o l i t i s  (Tab le  75) is  p ro b a b ly  why c l i n i c a l  o b s e r v a t i o n s  a re  absent  

f rom a number o f  r e p o r t s  (79, 133, 136, 219, 2 56 , 295) .  A d ra m a t i c  

c l i n i c a l  response was produced by Kochman and o th e r s  (1972) but  i t  d id  

no t  resemble in any way f a r m e r ' s  lung as d es c r ib e d  In e i t h e r  man or  

c a t t l e  because the  s e n s i t i s e d  r a b b i t s  were a l l  dead w i t h i n  35 minu tes  

o f  t h e i r  be ing  ch a l le n g e d  w i t h  an ae ro so l  o f  M. f a e n 1. On the  o th e r  

hand,  when s e n s i t i s e d  guinea p igs  were exposed by ae roso l  to  M. f a e n i  

a n t i g e n s ,  they  became tach yp noe îc  f o u r  to  e i g h t  hours p o s t -e xp o su re  

(285) and monkeys s e n s i t i s e d  t o  p igeon serum developed tachypnoea and 

p y re x ia  s i x  hours a f t e r  c h a l l e n g e  by ae roso l  (115) .

F o l l o w in g  the. two massive exposures t o  mouldy hay d u s t ,  a 

marked decrease in  the  t o t a l  numbers o f  n e u t r o p h i l s  o ccu r re d  d u r in g  

the  f i r s t  f o u r  hours p os t -e x p o s u re  b u t ,  a f t e r  a f u r t h e r  f o u r  hou rs ,  

the  t o t a l  numbers in the i n d i v i d u a l  ca lv e s  iiad r e tu r n e d  to  t h e i r  p re -  

exposure  v a lu e s .  The decrease In the  numbers o f  c i r c u l a t i n g  

n e u t r o p h i l s  c o in c id e d  w i t h  the  appearance o f  l a r g e  numbers o f  n e u t r o 

p h i l s  in the  lungs o f  ca lv e s  k i l l e d  s i x  hours pos t -e xp osu re  (EA l6,
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EA20). C o n s id e ra b ly  fewer n e u t r o p h i l s  were seen in those  an im a ls  

k i l l e d  24 hours p os t -e x p o s u re  (EA4, t 'A l7 ) .  Since  n e u t r o p h i l s  a re  

necessary  f o r  the  e x p re s s io n  o f  a type  I 1 ! h y p e r s e n s i t i v i t y  r e a c t i o n ,  

these  f i n d i n g s  s u pp o r t  the  t h e s i s  t h a t  t h i s  type  o f  h y p e r s e n s i t i v i t y  

response does p la y  a s i g n i f i c a n t  r o i e  In the  pa thogenes is  o f  f a r m e r ' s  

lung  in c a t t l e .

The range o f  p a t h o l o g i c a l  l e s i o n s  in the  lungs o f  the 

e xpe r im en ta l  c a lv e s  were s i m i l a r  t o  t h a t  In the  f i e l d  cases o f  

f a r m e r ' s  lu ng .  The changes were less  severe in the  younger a n im a ls  

wh ich  had o n l y  been exposed c o n t i n u a l l y  t o  mouldy hay f o r  ten weeks 

compared w i t h  the o ld e r  group which had been exposed c o n t i n u a l l y  f o r  a 

t o t a l  o f  18 weeks.

The smal l  g rey spo ts  seen on macroscop ic  e xam in a t io n  o f  the  

lungs  in s i x  o f  th e  e i g h t  c a l v e s ,  were most l i k e l y  t o  have been f o c i  

o f  In tense  per I - b r o n c h i o l a r  r e a c t i o n  because i t  was around the  b ro n c h 

i o l e s  t h a t  the  most severe  c e l l u l a r  r e a c t i o n s  were found on 

m ic r o s c o p ic  e x a m in a t io n .  !n lung b io p s ie s  f rom human cases,  the  

c e l l u l a r  r e a c t i o n s  a re  f r e q u e n t l y  severe  w i t h i n  the  w a l l s  o f  the  

b r o n c h io l e s  and in the  a d ja c e n t  parenchyma (22, 71 , 234,  2.59). A lm ost  

c e r t a i n l y  t h i s  is because the  b r o n c h io le s  and the  a l v e o l a r  duc ts  a re  

the  s i t e s  o f  maximum d e p o s i t i o n  o f  p a r t i c l e s  1-2 m ic rons  in  d ia m e te r  

t h a t  a re  r e s p o n s ib l e  f o r  the  p r o d u c t i o n  o f  f a r m e r ' s  lung (104, 114).

The p e r i “ b r o n c h i o l a r  l y m p h o c y t i c  and macrophage a g g re g a t io n s  were 

s m a l l e r ,  le ss  c e l l u l a r  and not  so w e l l  o rg an ised  as those  seen in 

c u f f i n g  pneumonia (129,  203) .  There is  an in c re a s in g  amount o f  

ev id ence  t o  suggest  t h a t  c u f f i n g  pneumonia is  the  r e s u l t  o f  i n f e c t i o n  

w i t h  one o r  more mycoplasmes (100,  101, 203 ).  However,  the  o n l y  

spec ies  i s o l a t e d  f rom these e x p e r im e n ta l  ca lve s  a t  necropsy v/as

Acholeplasma l a i d l a w i i  (2) and i t  i s  u n i v e r s a l l y  accepted t h a t  t h i s

spec ies  is  n on -p a th o ge n ic  (55 ) .

A p r o p o r t i o n  o f  the  smal l  grey  spo ts  were e p i t h e l i o i d  

granu lomata  t h a t  had developed in  the  a l v e o l a r  sep ta .  T y p ic a l  

g ranulomata w i t h  a c e n t r a l  co re  o f  n e u t r o p h i l s  su r rounded by e p i t h e l 

i o i d  c e l l s  and then by mononuclear  c e l l s  were i d e n t i f i e d  in two 

c a l v e s ,  both o f  wh ich  had been exposed t o  mouldy hay dus t  f o r  18 weeks. 

An e a r l y  granuloma was p re sen t  in a t h i r d  c a l f  in the  same group.

In a s e r i e s  o f  b io p s ie s  f rom a c u te  f a r m e r ' s  lung  cases in iran, 

d e f i n i t e  e p i t h e l i o i d  granu lomata  were seen in o n l y  about  o n e - t h i r d  o f

28



the  cases ,  mononuclear  c e l l u l a r  agg rega tes  were p resen t  In a no th e r  

t h i r d  w h i l e  no c e l l u l a r  a ccu m u la t io n s  were i d e n t i f i e d  In I:he rem a in ing  

cases (71) ,

Seal and o th e r s  (1968) suggested t h a t  the  presence o f  

e p i t h e l i o i d  granu lomata  was a s s o c ia te d  w i t h  a re ce n t  a cu te  ep isode  o f  

f a r m e r ' s  lung .  S ince  t h e r e  was no c l i n i c a l  ev id ence  o f  acu te  

f a r m e r ' s  lung in any o f  these  c a l v e s ,  the  presence o f  e p i t h e l i o i d  

granulomata is  l i k e l y  t o  i n d i c a t e  o n l y  t h a t  the  animal  had r e c e n t l y  

been exposed t o  t h e  r e l e v a n t  an t igens . .  N e v e r t h e le s s ,  I t  is  w o r th  

r e c o r d in g  t h a t  two w e l l - f o r m e d  granu lomata  were seen in the  a l v e o l a r  

septa  in EA20 w h ic h ,  f o l l o w i n g  a massive exposure t o  mouldy hay d u s t ,  

was the  o n l y  animal  t o  deve lop  c l i n i c a l  s ig ns  s u g g e s t i v e  o f  f a r m e r ' s  

1 ung.

In h i s  e xpe r im en ta l  s t u d i e s  o f  t h r e s h e r ' s  lu n g ,

Z e t t e r g r e n  (1950) i d e n t i f i e d  two types  o f  g ranu loma; a f o r e i g n  body 

granuloma a s s o c ia te d  w i t h  the  i n h a l a t i o n  o f  s t e r i l e  dus t  a lo n e  and an 

a l l e r g i c  granuloma t h a t  o n l y  deve loped  In r a b b i t s  exposed t o  bor.h dus t  

and Candida a 1b I c a n s . Fo re ig n  body m a t e r i a l ,  p ro ba b ly  o f  p l a n t  

o r i g i n ,  was i d e n t i f i e d  in one o f  t h e  mononuclear  c e l l u l a r  agg rega tes  

in EA75. There was a l s o  ev idence  o f  haemorrhage In the  c e n t r e  o f  

se vera l  o f  the  p e r i - b r o n c h i o l a r  c e l l u l a r  agg rega tes  in EA76 and these 

c ou ld  have I n d i c a t e d  t h a t  an A r t h u s - t y p e  r e a c t i o n  had o c c u r re d .

The most s t r i k i n g  m ic r o s c o p ic  change a s s o c ia te d  w i t h  the  

n a t u r a l l y  o c c u r r i n g  cases o f  bov ine  f a r m e r ' s  lung  is  the  c e l l u l a r  

I n f i l t r a t i o n  and t h i c k e n i n g  o f  the  a l v e o l a r  se p ta .  Both the  degree 

o f  t h i c k e n i n g  and the  mononuc lear  c e l l u l a r  i n f i l t r a t i o n  in  the  

expe r im e n ta l  c a lv e s  seemed t o  be d i r e c t l y  r e l a t e d  to  t h e i r  d u r a t i o n  o f  

exposure  to  mouldy hay d u s t .  The i n f i l t r a t i o n  was o n ly  f o c a l  in 

Exper iment  1 (exposure t im e  o f  ten weeks) whereas in Exper iment  4 

(exposure t im e  o f  18 weeks) t h e  mononuclear  c e l l u l a r  i n f i l t r a t i o n  was 

much more w idespread  and the  t h i c k e n i n g  o f  the  a l v e o l a r  septa more 

o b v i o u s .

B r o n c h i o l i t i s  o b l i t e r a n s  was no t  seen in any c f  the  s e c t i o n s  

f rom these  e xpe r im en ta l  c a lv e s  a l t h o u g h  a m i l d  b r o n c h i t i s  was 

i n v a r i a b l y  p re s e n t .  The f i n d i n g  o f  g l o b u le  l e u k o c y t e s ,  wh ich  a re  

d is c h a rg e d  mast c e l l s  ( I 76) ,  in  the  b r o n c h ia l  e p i t h e l i u m  o f  EA l6 was 

o f  p a r t i c u l a r  i n t e r e s t  s in c e  i t  has a lways been assumed t h a t  t h i s



t y pe  o f  c e i l  was a s s o c ia te d  w i t h  exposure  t o  the  c a t t l e  Iungworm,

D. v i v i pa ru s (34 ) .  As none o f  these  c a lve s  had ever eaten g r a s s ,  

t h e i r  presence cannot  r e a d i l y  be e x p la in e d  u n le ss  perhaps they  were 

i n d i c a t i v e  o f  o type  I h y p e r s e n s i t i v i t y  r e a c t i o n  t o  a n t i g e n s ,  o th e r  

than those  o f  M. f a e n 1 , in  mouldy hay.

A t  the  end o f  Exper iment  4 ,  the  p a t h o l o g i c a l  l e s i o n s  were 

j udged  t o  be more severe  and more w idespread  in  EA4 and E A l6 than they  

were in  EA l7 and EA20. ! t  may have been c o in c id e n c e  but  EA4 and EAl6

were the  two a n im a ls  wh ich  had been exposed on 11 o ccas ions  t o  mouldy 

hay d u r i n g  Exper iment  3.

A f t e r  s i x  week ly  exposures  o f  o n l y  15 m inu tes  each t o  an 

a e ro s o l  o f  M. f a e n i  a n t i g e n s ,  W i l k i e  (1976b) r e p o r te d  severe  lung 

changes i n c l u d i n g  c e l l u l a r  i n f i l t r a t i o n  and t h i c k e n i n g  o f  the  a l v e o l a r  

septa  in s e n s i t i s e d  and n o n - s e n s ic i s e d  c a l v e s .  The changes were much

more severe  in the  group  t h a t  had been s e n s i t i s e d  w i t h   faen ?

a n t i g e n s  In F re u n d 's  comp le te  a d j u v a n t .  Several  a reas  o f  severe 

v a s c u l i t i s  and a d j a c e n t  f o c a l  haemorrhage were found In two s e n s i t i s e d  

c a l v e s .  N e i t h e r  b r o n c h i o l i t i s  o b l i t e r a n s  nor e p i t h e l i o i d  g ranu lomata  

were observed .  The changes c i t e d  above a re  not  d i r e c t l y  comparab le 

w i t h  any o f  those  r e p o r t e d  here  s in c e  none o f  the  e i g h t  c a lv e s  were 

examined a t  necropsy  f o l l o w i n g  the  e xpe r im e n ta l  a e r o s o l i sa11 on o f  

M. f a e n i  a n t i g e n s  (Exper im ent  2) o r  mouldy hay dus t  (Exper iment  3 ) -

From t h i s  l i m i t e d  e x p e r im e n ta l  s t u d y ,  i t  would appear  t h a t  

a t ype  M l  h y p e r s e n s i t i v i t y  r e a c t i o n  is  in v o lv e d  in  th e  pa thogenes is  

o f  f a r m e r ' s  lung in c a t t l e  s in c e  the  number o f  c i r c u l a t i n g  n e u t r o p h i l s  

decreased marked ly  d u r i n g  the  f i r s t  f o u r  hours p o s t -e x p o s u re  to  mouldy 

hay and c l i n i c a l  s ig n s  o f  r e s p i r a t o r y  d isease  developed a few hours 

l a t e r .  The p o p u l a t i o n  o f  n e u t r o p h i l s  in  the  lungs o f  two c a lv e s  

examined a t  necropsy  s i x  hours  p o s t -e x p o s u re  was c o n s i d e r a b l y  g r e a t e r  

than t h a t  n o r m a l l y  seen and i t  was a l s o  g r e a t e r  than the  number 

p re s e n t  in  the  c a l v e s  k i l l e d  a f t e r  24 hours .  An i n v e s t i g a t i o n  o f  the  

s e q u e n t ia l  h a e m a to lo g i c a 1 changes does not  appear t o  have been 

u nd e r take n  in any o f  the  expe r im en ts  co nce rn in g  l a b o r a t o r y  a n im a l s .

The c h a r a c t e r i s t i c  c l i n i c a l  and p a t h o l o g i c a l  f e a t u r e s  o f  a 

t ype  i l l  r e a c t i o n  were produced in t h e  lungs  o f  a group  o f  monkeys 

wh ich  had been g iv e n  o n l y  serum f rom s e n s i t i s e d  d ono rs ,  bu t  no t  in ' 

a n o th e r  group  wh ich  had been g iven  o n l y  le u k o c y te s  (115) .  A s i m i l a r
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exp e r im e n ta l  p rocedure  had been used e a r l i e r  w i t h  guinea p igs  when 

tachypnoea developed and 1ung l e s i o n s  were found in both  serum and 

le u k o c y te  r e c i p i e n t  a n im a ls  (2 85 ) .  N on e the less ,  the  c l i n i c a l  response 

and the  p a t h o l o g i c a l  l e s i o n s  were more severe in the  serum r e c i p i e n t s .

One i n t e r p r e t a t i o n  o f  a mononuclear  c e l l u l a r  i n f i l t r a t i o n  

o f  the  a l v e o l a r  septa and the  presence o f  e p i t h e l i o i d  granu lomata  is  

t h a t  both type  i l l  and type  IV h y p e r s e n s i t i v i t y  r e a c t i o n s  a re  t a k i n g  

p lace  in the  lungs  o f  c a t t l e  w i t h  f a r m e r ' s  lung (115) .  Emanuel and 

o th e r s  (1964) had a l r e a d y  conc luded t h a t  c e l l u l a r  immune processes were 

in v o lv e d  in f a r m e r ' s  lung  in  man because o f  the  c l i n i c a l ,  r a d i o l o g i c a l  

and h i s t o p a t h o l o g i c a  1 s i m i l a r i t i e s  between f a r m e r ' s  lu ng  and maple 

ba rk  d isease .  Th is  l a t t e r  c o n d i t i o n  (261) was c o n s ide red  t o  r e s u l t  

f rom a type  IV h y p e r s e n s i t i v i t y  r e a c t i o n ,  d e s p i t e  the  presence o f  

p r e c i p i t i n s  t o  C ryp tos troma c o r t i c a l e  in p a t i e n t s '  se ra ,  because an 

I n t e r s t i t i a l  pneumonia w i t h  granulonta fo r m a t i o n  was p re sen t  a t  necropsy 

(7 2 ) .  In a d d i t i o n ,  when guinea p ig s  were f r e q u e n t l y  exposed t o  an 

ae roso l  o f  C. c o r t i c a l e  sp o res ,  the  s k in  r e a c t i o n s  were maximal a t  24 

hours  and co u ld  be t r a n s f e r r e d  to  r e c i p i e n t  p igs  by b u f f y  coa t  c e l l s  

bu t  no t  by serum a lo ne  (256) .  F in k  and o th e rs  (1970) i d e n t i f i e d  

pulmonary l e s i o n s  in guinea p ig s  s e n s i t i s e d  t o  e x t r a c t s  o f  p igeon 

d ropp ings  b e fo re  they  were a b l e  t o  d e t e c t  p r e c i p i t a t i n g  a n t i b o d i e s .  

Consequen t ly ,  they a l s o  conc luded t h a t  a n o n - p r e c i p i t a t i n g  a n t i b o d y  

dependent  h y p e r s e n s i t i v i t y  r e a c t i o n  ( type  IV) was i n v o lv e d  in the 

pa thogenes is  o f  e x t r i n s i c  a l l e r g i c  a l v e o l i t i s .

In o r d e r  t o  c l a r i f y  the  r e l a t i v e  importance o f  the  d i f f e r e n t  

t ypes  o f  h y p e r s e n s i t i v i t y  r e a c t i o n  in  the  pa thogenes is  o f  f a r m e r ' s  lu n g ,  

Jones (1970) compared e x p e r im e n t a l l y - p r o d u c e d  type  I I i  and type  IV 

r e a c t i o n s  in the  lungs  o f  r a b b i t s  w i t h  the  changes t h a t  developed 

f o l l o w i n g  pulmonary s e n s i t i s a t i o n  to  M. f a e n I . W i th  the  t y p e  i l l  

r e a c t i o n ,  wh ich was induced by the  repeated  I n t r o d u c t i o n  o f  h e t e r o l o 

gous serum i n t r a - t r a c h e a l l y ,  lymphoid h y p e r p la s ia  was produced 

i n i t i a l l y .  Th is  was f o l l o w e d ,  a f t e r  c o n t in u e d  a d m i n i s t r a t i o n ,  by 

d i f f u s e  i n t e r s t i t i a l  a l v e o l i t i s  w i t h  v a s c u l i t i s ,  th rom bos is  and 

i n f a r c t  io n ,a n d ,  a f t e r  many weeks exposure ,  I n t e r s t i t i a l  f i b r o s i s  

deve loped .  However, " t u b e r c u l e s "  were no t  produced.  in the  type  IV 

pulmonary r e a c t i o n  wh ich  was produced by g i v i n g  l i v e  Mycobact e r  i um 

t u b e r c u lo s u m (BCG s t r a i n )  t o  r a b b i t s  subcutaneous 1 y and then i n t r o d u c i n g  

p u r i f i e d  H. t u b ercu losum p r o t e i n  d e r i v a t i v e  e n d o t r a c h e a l l y ,  occas iona l  

" t u b e r c u l e s "  were seen as w e l l  as f o c a l  a reas o f  n e c r o s i s  and a l v e o l a r
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c e l l u l a r  h y p e r p la s ia .  Numerous e p i t h e l i o i d  g ranu lomata  were seen in 

a d d i t i o n  t o  "many o f  the  f e a t u r e s  o f  both type  i l l  and type  IV 

mechanisms" in the  r a b b i t s  t h a t  were s e n s i t i s e d  w i t h  v a r io u s  a n t i g e n i c  

p r e p a r a t i o n s  o f  M. faen  i . Jones (1970) concluded t h a t  f a r m e r ' s  lung 

was a complex h y p e r s e n s i t i v i t y  r e a c t i o n  and not  a s im p le  type 111 

response as had o r i g i n a l l y  been suggested (196).

The r o l e  o f  t ype  IV h y p e r s e n s i t i v i t y  in  e x p e r i m e n t a l l y  

produced a c u te  h y p e r s e n s i t i v i t y  pneum on i t is  is  d i f f i c u l t  t o  assess 

when Freund 's  comple te  a d ju v a n t  has been used In the  s e n s i t i s a t i o n  

p ro to c o l  (73, 115, 136, 143, 219, 283,  285) because t h i s  m a t e r i a l  

p r e f e r e n t i a l l y  induces a t ype  IV h y p e r s e n s i t i v i t y  response (218) .  

D e sp i te  p roduc ing  a h y p e r s e n s i t i v i t y  pneumon i t is  in  r a b b i t s  t h a t  

resembled acu te  f a r m e r ' s  lung  in man, R icherson  and h i s  c o l le a g u e s  

(1971) conc luded t h a t  " f u r t h e i ’ s p e c u la t i o n  on the  p a th o g e n e t i c  

c o r r e l a t i o n  w i t h  human d isease  i s ,  however,  premature  a t  t h i s  t i m e " ,  

i t  was demonst ra ted  l a t e r  t h a t  t h e  type  o f  pulmonary h y p e r s e n s i t i v i t y  

r e a c t i o n  wh ich  deve lops in guinea p ig s  a t  any r a t e  i s  dependent  upon 

the  s p e c i f i c  a n t i g e n  used,  the  method o f  s e n s i t i s a t i o n  and the r o u te  

o f  c h a l 1enge (218) .

in  the  l a b o r a t o r y  animal  model systems t h a t  have been used 

t o  s tudy  e x t r i n s i c  a l l e r g i c  a l v e o l i t i s  (Table 7 5 ) ,  the  s e n s i t i s e d  

an im a ls  have u s u a l l y  been c h a l l e n g e d  w i t h  an ae roso l  o f  s o l u b le  

a n t i g e n i c  m a t e r i a l  whereas in the  n a t u r a l  d i s e a s e ,  p a r t i c u l a t e  m a te r 

i a l  o f  v a r i a b l e  s i z e  and a n t i g e n i c i t y  is  g e n e r a l l y  i n h a le d .  In 

f a r m e r ' s  lung  the  use o f  a n t i g e n i c  p r e p a r a t i o n s  d e r i v e d  f rom M. fae n i  

a lo n e  ig nores  the  e f f e c t  t h a t  the  dus t  p a r t i c l e s  themselves may 

have to g e th e r  w i t h  any p o s s i b l e  e f f e c t  wh ich  o th e r  in h a le d  m i c r o 

organ isms m igh t  e x e r t .  The i n h a l a t i o n  o f  s t e r i l e  dus t  can induce the 

development o f  g ranu lomata  in the  lungs  (297) and severa l  worke rs  

have commented on the  presence o f  f o r e i g n  body m a t e r i a l  in b i o p s ie s  

taken  a f t e r  an a c u te  ep isode  o f  f a r m e r ' s  lung (71, 90,  234).  That  

t h i s  m a t e r i a l  has not  been observed in many cases is  l i k e l y  t o  have 

been a f u n c t i o n  o f  the  t im e  i n t e r v a l  between the  p a t i e n t ' s  l a s t  

exposure  t o  mouldy hay and the  t a k i n g  o f  the  lung  b i o p s y . Indeed,  

i t  has even been suggested  t h a t  M. f a e n i p lays  a p a r t  o n l y  in the  

e a r l y  s tages o f  f a r m e r ' s  lung and t h a t  the  d us t  i t s e l f  is  a more 

im p o r ta n t  pa th oge n ic  f a c t o r  (295) .  T h is  a lm os t  h e r e t i c a l  s ta tem en t  

has ach ieved  a degree o f  c r e d i b i l i t y  f o l l o w i n g  re c e n t  work (68) in



which  i t  was demonst ra ted  t h a t  the  comp Iemen t  system can be a c t i v a t e d  

by dus t  p a r t i c l e s  v ia  the  a l t e r n a t i v e  pachv/ay (98) as w e l l  as by 

a n t i g e n - a n t i  body complexes v ia  the  c l a s s i c a l  pathway.  T h e r e fo r e ,  i t  

i s  l i k e l y  t h a t  both pathways o f  complement a c t i v a t i o n  a re  in v o lv e d  

in the  pa thogenes is  o f  f a r m e r ' s  lu ng .

A lm ost  a l l  the  animal  model systems used so f a r  have been 

examples o f  an a c u te ,  s e l f - l i m i t i n g  h y p e r s e n s i t i v i t y  r e a c t i o n  and 

c o n s e q u e n t l y ,  a re  u n l i k e l y  t o  be f u l l y  r e p r e s e n t a t i v e  o f  the  whole 

spect rum o f  changes t h a t  can take  p la ce  in n a t u r a l l y - p r o d u c e d  cases o f  

e x t r i n s i c  a l l e r g i c  a l v e o l i t i s .  Under f i e l d  c o n d i t i o n s ,  t h e r e  is  

pro longed and v a r i a b l e  exposure  to  a whole m u l t i t u d e  o f  a n t i g e n s ,  some 

o f  wh ich  may be s o l u b l e  and o th e rs  p a r t i c u l a t e ,  and t h i s  r e s u l t s  in the  

development o f  c h r o n i c  in f la m m a to ry  and d e g e n e ra t i v e  lung changes.

The use o f  t h i s  model which i n v o l v e s  the  exposure o f  c a t t l e  t o  mouldy 

hay enab les  many o f  these d i f f i c u l t i e s  t o  be overcome.

is-
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The e x t r i n s i c  a l l e r g i c  a l v e o l i t i s  o f  c a t t l e  d es c r ib e d  by 

P i r i e  and o th e r s  (1971) has been c a l l e d  "b o v in e  f a r m e r ' s  1ung" 

because o f  i t s  c l i n i c a l ,  e p i d e m i o l o g i c a l  and p a t h o l o g i c a l  s i m i l a r i t y  

t o  th e  human r e s p i r a t o r y  d i s e a s e ,  f a r m e r ' s  lung  (109,  198, 2 3 k ) . I t  

has been e s t a b l i s h e d  t h a t  f a r m e r ' s  lung  in c a t t l e  is  a r e s p i r a t o r y  

d i s o r d e r  o f  a d u l t  bee f  and d a i r y  a n im a ls  in  the  wet h i l l y  a reas o f  

wes te rn  B r i t a i n .  The c l i n i c a l  s ig n s  u s u a l l y  deve loped  d u r in g  the  

w i n t e r  hous ing  p e r io d  as a r e s u l t  o f  the  an im a ls  hav ing  been 

r e g u l a r l y  exposed t o  t h e  dus t  o f  mouldy hay.  I t  is  i n t e r e s t i n g  t h a t  

bov ine  f a r m e r ' s  lung was f i r s t  c o n f i rm e d  in a cow f rom K i r k b y  Stephen 

as a few o f  C a m p b e l l ' s  o r i g i n a l  f a r m e r ' s  lung p a t i e n t s  had worked in 

the  same area (40,  75 ) .

Each case o f  f a r m e r ' s  lung in c a t t l e  was c l a s s i f i e d  as a cu te  

(sudden onse t )  o r  c h r o n i c  ( i n s i d i o u s  onse t )  a c c o r d in g  t o  the  mode o f  

onse t  o f  the  d i s e a s e .  The p r e s e n t i n g  s ig ns  o f  a c u te  f a r m e r ' s  lung 

i n c lu ded  e v id en ce  o f  c o n s t i t u t i o n a l  invo lvement  ( a g a l a c t i a ,  a n o r e x ia ,  

p y r e x ia )  in  a d d i t i o n  t o  a v a r i a b l e  degree o f  r e s p i r a t o r y  d i s t r e s s .

In c o n t r a s t ,  t he  ma jo r  p r e s e n t i n g  s ig ns  o f  c h r o n i c  f a r m e r ' s  lung were 

w h o l l y  r e f e r a b l e  t o  the  r e s p i r a t o r y  system (cough in g ,  hyperpnoea,  

tachypnoea)  a l t h o u g h  w e ig h t  lo ss  and a decreased m i l k  y i e l d  had a l s o  

been n o t i c e d  d u r i n g  one or  more w i n t e r  hous ing  p e r i o d s .  D u l ln e s s  

was no t  a common p r e s e n t i n g  s ign  w i t h  e i t h e r  form o f  the  d is e a s e .

That  the  c l i n i c a l  d i f f e r e n c e s  between the  two forms o f  

f a r m e r ' s  lung in c a t t l e  were not  marked on adm iss ion  t o  the  V e t e r i n a r y  

School can be a t t r i b u t e d  l a r g e l y  t o  the  t im e  i n t e r v a l  wh ich  e lapsed  

f rom the  an im a ls  f i r s t  be ing  seen t o  be i l l  t o  t h e i r  be ing  examined on 

a d m is s io n .  T h is  d e lay  was p a r t i c u l a r l y  marked w i t h  t h e  c h r o n i c  cases 

many o f  wh ich  were a d m i t t e d  d u r i n g ,  o r  a t  the  end o f ,  the  summer 

g r a z in g  season when s e v e ra l  months f reedom from exposure  to  mouldy hay 

had m in im ised  the  c l i n i c a l  s ig n s  o f  r e s p i r a t o r y  d isease  wh ich  had 

been o bv ious  b e fo re  they  had been put  ou t  t o  g ra s s .  In g e n e r a l ,  

cows a f f e c t e d  w i t h  c h r o n i c  f a r m e r ' s  lung were in  poo re r  b o d i l y  

c o n d i t i o n ,  coughed more f r e q u e n t l y ,  were more h ype rp noe îc  and more 

tach yp noe îc  than  a n im a ls  w i t h  the  acute, fo rm o f  the  d is e a s e .  The 

a d v e n t i t i o u s  lung  sounds wh ich  were d e te c te d  in j u s t  over  h a l f  o f  

both a c u te  and c h r o n i c  cases were c r a c k le s  o r  rhonch i  o r  a c o m b in a t io n  

o f  b o th .  They were a lm o s t  i n v a r i a b l y  heard a r i t e r o - v e n t r a  11 y excep t

34



in  the  more severe  cases when o c c a s i o n a l l y  they  were d e te c te d  over  

the  who!e 1ung f i e l d .

The c l a s s i f i c a t i o n  o f  f a r m e r ' s  lung as a c u te  or  c h r o n i c  

a c c o r d in g  t o  the  mode o f  onse t  o f  the  c l i n i c a l  s ig ns  d id  not  co rrespond 

in  every  case t o  the  c l a s s i f i c a t i o n  as judged by the p a t h o l o g i c a l  

f i n d i n g s .  Aga in  the  t im e  i n t e r v a l  between the  onse t  o f  i l l n e s s  and 

the  pos t -m or tem e x a m ina t io n  must u ndoub ted ly  have c o n t r i b u t e d  to  t h i s  

la c k  o f  c o r r e l a t i o n .  On m ic r o s c o p ic  e x a m in a t io n ,  w idespread I n t e r -  

a l v e o l a r  haemoirhage and oedema were p resen t  in  a cu te  cases examined 

w i t h i n  one day o f  exposure  t o  mouldy hay.  However, the  most obv ious  

f e a t u r e  in every  case was t h i c k e n i n g  o f  the  a l v e o l a r  septa due to  

mononuclear  c e l l u l a r  I n f i l t r a t i o n ;  t h i s  was much more obv ious  and 

w idespread  in the  a cu te  than in th e  c h r o n i c  cases.  B r o n c h i o l i t i s  

o b l i t e r a n s  and e p i t h e l i o i d  granu lomata  were a l s o  more common In a c u te  

than  in c h r o n i c  cases.  N o n e th e le s s ,  i t  cannot  be i n f e r r e d  t h a t  

b r o n c h i o l i t i s  o b l i t e r a n s  and e p i t h e l i o i d  granulomata a re  c h a r a c t e r i s t i c  

o f  a cu te  f a r m e r ' s  lu n g ,  r a t h e r  t h a t  they  co n f i rm e d  re c e n t  exposure  to  

the  a l l e r g e n s  o f  f a r m e r ' s  lu ng .  Areas o f  f i b r o s i s  w i t h  a l v e o l a r  

e p i t h e l i a l  h y p e r p la s i a  were more p r e v a le n t  in the  c h r o n i c  than in the  

a c u te  form o f  the  d isease  and t h e r e  was d i f f u s e  pulmonary f i b r o s i s  in  

eve ry  case a d m i t te d  w i t h  co r  pu lmona le .  Several  c h r o n i c  cases shou ld  

perhaps have been c l a s s i f i e d  as sub-acu te  s ince  the  c l i n i c a l  s ign s  were 

becoming more severe  as the  w i n t e r  progressed and the  p a t h o l o g i c a l  

f i n d i n g s  were more t y p i c a l  o f  the  a c u te  than o f  the  c h r o n i c  d ise ase .

In a d d i t i o n ,  dyspnoea was found t o  be p r e c i p i t a t e d  by e x e r c i s e  in some 

c h r o n i c  cases w i t h  w idespread  pulmonary f i b r o s i s .  Since coughing  

had been observed in a few cases p r i o r  t o  t h e i r  f i r s t  acu te  

r e s p i r a t o r y  ep isode  i t  cou ld  be argued t h a t  they shou ld  have been 

in c lu d e d  in the I n s i d i o u s  onse t  g roup .  N e v e r t h e le s s ,  when t h i n k i n g  

about  c l i n i c a l  d i f f e r e n t i a l  d i a g n o s i s ,  f a r m e r ' s  lung in c a t t l e  must 

be cons ide red  as p r e s e n t i n g  as both  a sudden onse t  and an i n s i d i o u s  

onse t  r e s p i r a t o r y  d ise ase .

I t  is  no t  p o s s i b l e  t o  d i f f e r e n t i a t e  between severe cases o f  

c h r o n i c  fa rm ie r 's  lung and d i f f u s e  f i b r o s i n g  a l v e o l i t i s  o f  c a t t l e  on 

c l i n i c a l  grounds a lo n e  and so the  f i n a l  d ia g n o s is  must be made a f t e r  

h i s t o p a t h o l o g i c a 1 e xa m ina t io n  o f  the  lungs (35 ) .  I t  has not  been poss 

i b l e  t o  s t a t e  t h a t  an im a ls  w i t h  d i f f u s e  f i b r o s i n g  a l v e o l i t i s  had never 

been exposed to  mouldy hay dus t  a l th o u g h  p r e c i p i t i n s  t o  M. fa e n i  were 

no t  d e te c te d  in t h e i r  s e ra .  i t  maybe t h a t  some o f  these cases with difi 'use
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f i b r o s i n g  a l v e o l i t i s  were M. f a e ni p r e c i p i t i n - n e g a t i v e  t e r m in a l  

c h r o n i c  f a r m e r ' s  lung cases o r ,  on the o th e r  hand, the  a l l e r g e n s  

r e s p o n s ib l e  may not  have been d e r i v e d  f rom M. f a e n i .

Fa rm er 's  lung  has been found to  be the  most common 

r e s p i r a t o r y  d isease  o f  housed a d u l t  c a t t l e  in B r i t a i n  bu t  i t  is  

p ro b a b ly  even more w idespread than t h i s  i n v e s t i g a t i o n  has shown s in c e  

12 cows c u l l e d  as a r e s u l t  o f  poor per fo rm ance,  w e ig h t  lo ss  or  

a l l e g e d l y  o l d  age f rom th r e e  herds in which f a r m e r ' s  lung  has been 

co n f i rm e d  had m i l d  c l i n i c a l  r e s p i r a t o r y  d isease  on adm is s io n  to  

Glasgow V e t e r i n a r y  School (292) .  A t  necropsy ,  s i g n i f i c a n t  p a t h o l o g i 

cal  l e s  i o n s , o t h e r  than those  o f  f a r m e r ' s  lung,  were no t  d e te c te d .

Each o f  the  45 cl i n i c a l  cases o f  bov ine  f a r m e r ' s  lung had 

been fed  hay wh ich  in  v i r t u a l l y  eve ry  case the  fa rmer  a d m i t t e d  was 

mou ldy .  Regula r  f e e d in g  w i t h  mouldy hay d u r in g  the  w i n t e r  hous ing 

p e r io d  has been shown t o  r e s u l t  in a s i g n i f i c a n t  p r o p o r t i o n  o f  the 

c a t t l e  d ev e lo p in g  p r e c i p i t a t i n g  a n t i b o d i e s  t o  M. f a e n i . The 

p re va le n ce  o f  p r e c i p i t i n s  in a herd a t  the  end o f  the  w i n t e r  and the .  

number o f  cows t h a t  had developed p r e c i p i t i n s  d u r i n g  the  w i n t e r ,  was 

found t o  be c l o s e l y  r e l a t e d  t o  the  mou ld iness  o f  the  hay as judged by 

th e  fa rm e r .  W h i le  a h igh  p reva len ce  o f  p r e c i p i t i n s  a t  the  end o f  

w i n t e r  con f i rm ed  t h a t  mouldy hay had been fed,  i t  d id  n o t  c o n f i r m  the  

presence  o f  c l i n i c a l  f a r m e r ' s  lung s in c e  many c a t t l e  t h a t  were 

p r e c i p i t i n - p o s i t i v e  d i d  no t  have d e t e c t a b l e  c l i n i c a l  r e s p i r a t o r y  

d i  sease.

Regu la r  exposure  t o  mouldy hay d u r in g  s uccess ive  v / i n te r  

hous in g  p e r io d s  had a c u m u la t i v e  e f f e c t  because the  p re va le nce  o f  

p r e c i p i t i n s  In i n d i v i d u a l  an ima ls  f o l l o w e d  s e r o l o g i c a l l y  over  seve ra l  

years  was p o s i t i v e  c o r r e l a t e d  w i t h  the  age o f  c a t t l e  sampled and 

th e  t i t r e s  o f  p r e c i p i t a t i n g  a n t i b o d y  were g e n e r a l l y  h ig h e r  in c a t t l e  

more than s i x  years  o f  age (5 7 ) .  The a d d i t i v e  e f f e c t  o f  repea ted  

i n s u l t s  t o  the  lungs  o b v i o u s l y  had Increased the  p r o b a b i l i t y  o f  

c l i n i c a l  r e s p i r a t o r y  d isease  because the  number o f  c l i n i c a l  cases was 

a l s o  p o s i t i v e l y  c o r r e l a t e d  w i t h  age. The p re va len ce  o f  p r e c i p i t i n s  

t o  M. f a e n i  was s i g n i f i c a n t l y  h i g h e r  in  the  herds in wh ich  bov ine  

f a r m e r ' s  lung  had been c o n f i r m e d .  The p reva lence  o f  p r e c i p i t i n s  

was a l s o  s i g n i f i c a n t l y  g r e a t e r  in  herds owned by fa rm ers  who had 

f a r m e r ' s  lung than in o th e r  herds s e le c te d  because p r e c i p i t i n s  had 

been d e te c te d  in sera f rom cows t h a t  had developed s ig ns  o f

36



r e s p i r a t o r y  d isease  d u r in g  the  w i n t e r  o r  in herds s e le c te d  a t  random. 

The c h r o n i c  cases o f  f a r m e r ' s  lung f rom farms where the  fa rmer  

deve loped  an adverse  c l i n i c a l  r e a c t i o n  a f t e r  exposure  to  mouldy hay 

dus t  were s i g n i f i c a n t l y  younger  than those  a d m i t t e d  f rom the  farms 

where the  fa rm e r  e xpe r ie nced  no a dve rse  r e a c t i o n .  These f i n d i n g s  

co n f i rm e d  the  h y p o th e s i s  t h a t  f a r m e r ' s  lung had deve loped  in  s p e c i f i c  

he rds  because o f  t h e i r  g r e a t e r  exposure  to  mouldy hay d u s t .

D u r in g  the  summer g r a z in g  p e r io d  when exposure  to  mouldy hay 

dus t  ceased,  the  p re v a le n c e  o f  p r e c i p i t i n s  f e l l  marked ly  In every  herd 

Not  u n e x p e c te d ly  those  a n im a ls  w i t h  the  lowest  a n t i b o d y  t i t r e  in the  

s p r i n g  were p r e c i p i t i n - n e g a t i v e  a t  the  b eg in n in g  o f  the  f o l l o w i n g  

w i n t e r  w h i l e  those  w i t h  the  h i g h e s t  t i t r e  were s t i l l  p r e c i p i t i n -  

p o s i t i v e .  T h is  d i f f e r e n c e  In p r e c i p i t i n  t i t r e  m ig h t  e x p l a i n  why 

o l d e r  c a t t l e  were u s u a l l y  found t o  have developed obv ious  s ig ns  o f  

r e s p i r a t o r y  d ise ase  w i t h i n  a s h o r t  p e r io d  o f  t h e i r  hav ing  been r e 

exposed t o  mouldy hay d u s t ,  w h i l e  c l i n i c a l  d ise ase  was n o t  u s u a l l y  

observed  in the  younger  a n im a ls  u n t i l  a f t e r  severa l  months 

exposu re .  The a s s o c i a t i o n  between age ( t i t r e )  and the  onset, o f  

c l i n i c a l  s ig ns  was n o t i c e d  In both a c u te  and c h r o n i c  forms o f  the  

di sease .

The response o f  an i n d i v i d u a l  animal  f o l l o w i n g  the  

i n h a l a t i o n  o f  mouldy hay d us t  c o n t a i n i n g  f a r m e r ' s  lung a l l e r g e n s  w i n  

depend upon i t s  im muno log ica l  r e a c t i v i t y  and the  p a t t e r n  o f  exposure .  

A l t h o u g h  two fa rm e rs  commented t h a t  one f a m i l y  in each o f  t h e i r  herds  

appeared t o  be p a r t i c u l a r l y  s u s c e p t i b l e  to  f a r m e r ' s  lu n g ,  i t  was no t  

p o s s i b l e  e i t h e r  t o  c o n f i r m  o r  t o  r e f u t e  t h e i r  im p re ss io n s .  P robab ly  

th e se  two f a m i l i e s  were e a s i l y  i d e n t i f i e d  because the y  were p a r t i c u l 

a r l y  h igh  y i e l d i n g  cows and so had been kept  lo n ge r  in the  herd 

than o th e r . c o w s .  As they  were o l d e r ,  i t  f o l l o w s  t h a t  they  had been 

exposed t o  mouldy hay dus t  f o r  a lo n g e r  p e r io d  than o t h e r  cows and 

i t  has a l r e a d y  been proved t h a t  t h e r e  Is a p o s i t i v e  c o r r e l a t i o n  

between age ,  the  p re v a le n c e  o f  p r e c i p i t i n s  t o  M. f a e n i and the  

Inc iden ce  o f  f a r m e r ' s  lung  d is e a s e .  T h e r e f o r e ,  a number o f  c l o s e l y  

r e l a t e d  c a t t l e  t h a t  had deve loped  f a r m e r ' s  lung had g iv e n  the  

im press io n  t h a t  t h e r e  was a g e n e t i c  s u s c e p t i b i l i t y  t o  d isease  when, 

in  r e a l i t y ,  i t  was more l i k e l y  t o  be an a g e - r e l a t e d ,  a c c u m u la t i v e  

e nv i ro n m e n ta l  e f f e c t .  W i t h i n  a group o f  c a t t l e ,  the  g e n e t i c  

s u s c e p t i b i l i t y  o f  r e l a t e d  and u n r e la t e d  i n d i v i d u a l s  t o  the  e f f e c t s
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o f  mouldy hay dus t  cannot  be r e a l i s t i c a l l y  compared when the  exposure 

t o  wh ich  the  i n d i v i d u a l s  have been s u b je c te d  Is unknown. For the. same 

reason ,  the  r e p o r t  o f  f a m i l i a l  f a r m e r ' s  lung in man (255) must a l s o  

be v iewed w i t h  some d oub t .

N o n e th e le s s ,  i t  must s t i l l  be borne in mind t h a t  a cu te  

f a r m e r ' s  lung i n v a r i a b l y  p resen ted  as a s i n g l e  animal  c o n d i t i o n  and 

t h a t  these  cases were s i g n i f i c a n t l y  younger than  those  wh ich  p resen ted  

w i t h  the  c h r o n i c  form o f  the  d is e a s e .  Th is  a ppa ren t  i n d i v i d u a l  

s u s c e p t i b i l i t y  t o  th e  e f f e c t s  o f  mouldy, hay dus t  may have been r e l a t e d  

t o  re c e n t  p a r t u r i t i o n  s in c e  around t h i s  t im e  the  p r e c i p i t a t i n g  a n t i b o d y  

t i t r e  and the  amount o f  i n h a le d  a n t i g e n s  change d r a m a t i c a l l y .  The 

p r e c i p i t i n  t i t r e  f a l l s  b e fo re  p a r t u r i t i o n  and r i s e s  aga in  d u r i n g  the  

f i r s t  few weeks p o s t -p a r tu m .  A t  the  same t im e ,  the  amount o f  d us t  

i n h a le d  w i l l  decrease  as cows a re  moved f rom th e  " d r y "  cow 

accommodation In wh ich  they  w i l l  have been fed  the  mould l e s t  hay to  

the  m i l k i n g  cow accommodat ion in wh ich  they  w i l l  be fed  the  l e a s t  

mouldy hay.

R e t r o s p e c t i v e l y ,  g ross  d i f f e r e n c e s  in the  p a t t e r n  o f  exposure  

t o  mouldy hay d us t  between the  a c u te  and c h r o n i c  forms o f  f a r m e r ' s  lung 

in  c a t t l e  were no t  a p p a re n t .  The amount and d u r a t i o n  o f  exposure  were

a p p a r e n t l y  d e te rm ined  l a r g e l y  by husbandry and by hous ing  f a c t o r s .

That  d a i r y  cows were exposed f o r  lo n ge r  p e r io d s  and p ro b a b ly  t o  g r e a t e r  

amounts o f  mouldy hay d us t  than bee f  cows is  p o s s i b l y  the  ma jo r  reason 

why the  acu te  d a i r y  cases were s i g n i f i c a n t l y  younger than the  a cu te  

bee f  cases.  However, d a i r y  cows a re  su p e rv ise d  more c l o s e l y  than a re  

bee f  cows and t h i s  m ig h t  no t  o n l y  e x p l a i n  the  g r e a t e r  I nc ide nce  o f  

f a r m e r ' s  lung in d a i r y  c a t t l e  bu t  a l s o  why f a r m e r ' s  lung  was o n l y  

c o n f i rm e d  as a group  d ise a se  under d a i r y  c o n d i t i o n s .

In the  coun ty  o f  Westmor land f a r m e r ' s  lung  was p r o p o r t i o n 

a t e l y  more common In beef  than in d a i r y  c a t t l e .  Th is  was u nd o u b ted ly  

due t o  the  t ype  o f  hous in g  in  which most o f  these a n im a ls  had been 

kep t  d u r in g  the  w i n t e r :  many bee f  cows in Westmor land were o v e r 

w i n t e r e d  in f i e l d - h o u s e s ,  as were the  two younges t  cases wh ich  were 

both  d a i r y  h e i f e r s ,  and s in c e  t h e r e  is  no v e n t i l a t i o h  in f i e l d - h o u s e s ,  

the  amount o f  exposure  t o  mouldy hay dus t  is  p a r t i c u l a r l y  in te n s e .

A l l  c a t t l e  in Westmor land were l i k e l y  t o  have been s u b je c te d  to  

c o m p a r a t i v e l y  l a r g e  amounts o f  mouldy hay dus t  because the  p re va len ce  

o f  f a r m e r ' s  lung in c a t t l e  was h ig h e r  and the  c h r o n i c  cases s i g n i f i -
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c a n t ] y y o u n g e r  t h a n  t h o s e  f r o m  t h e  o t h e r  a r e a s .

F a rm e r ’ s lung  has o n l y  been c o n f i rm ed  in  c a t t l e  f rom the  

m a in l y  upland a reas  o f  n o r th - w e s t  B r i t a i n  where t h e r e  is  r e g u l a r  

r a i n f a l l  a t  hay-mak ing t im e .  Du r in g  the two years  o f  the  s e r o l o g i c a l  

s u rv e y ,  most o f  the  hay in  these a reas  had been made in J u ly  and i t  

was found t h a t  the  mou ld !ness o f  the  hay was c l o s e l y  a s s o c ia te d  w i t h  

the  number o f  r a i n d a y s , b u t  no t  the  month ly  r a i n f a l l , d u r i n g  J u l y ,  

in  the  herds sampled f o r  the  s e r o l o g i c a l  su rve y ,  the  p reva lence  o f  

p r e c i p i t i n s  t o  M. f a e n i  a t  th e  end o f  w i n t e r  and the  number o f  cows 

wh ich  developed p r e c i p i t i n s  d u r in g  th e  w i n t e r ,  were found to  be c l o s e l y  

a s s o c ia te d  w i t h  the  mou ld iness  o f  the  hay.  However, no r e l a t i o n s h i p  

was found between the  p re va len ce  o f  p r e c i p i t i n s  a t  the end o f  w i n t e r  

o r  the  number o f  cows t h a t  deve loped  p r e c i p i t i n s  d u r i n g  the w i n t e r  and 

the  amount o f  hay t h a t  had been fe d .  Th is  con f i rm ed  the  v iew t h a t  

i t  was the mou ld iness  o f  the  hay t h a t  was o f  paramount  importance

in the  development o f  c l i n i c a l  f a r m e r ' s  lung d isease  In c a t t l e .

The c l i n i c a l  and e p i d e m io lo g i c a l  f e a t u r e s  o f  bov ine  f a r m e r ' s  

lung in B r i t a i n  a re  ve ry  s i m i l a r  t o  those  o f  u rn e r  pneumonia in 

sou the rn  S w i t z e r la n d  where c a t t l e  a re  o v e r - w in t e r e d  In smal l  b u i l d i n g s  

i d e n t i c a l  t o  Westmorland f i e l d - h o u s e s  ( / 4 ,  118, 154, 185).  In the  

Canton Ur I I t  has been found t h a t  a wet  hay-making season r e s u l t s  in 

a l a r g e  p r o p o r t i o n  o f  th e  hay becoming mouldy and t h i s  in t u r n  r e s u l t s  

in  a p a r t i c u l a r l y  h igh  in c id en c e  o? u rn e r  pneumonia the  f o l l o w i n g  

w i n t e r .  Under Swiss c o n d i t i o n s ,  exposure t o  mouldy hay must be

e s p e c i a l l y  in te n s e  because u rn e r  pneumonia is  common In c a t t l e  d u r in g

t h e i r  second w i n t e r  hous ing  p e r io d  w h i l e  f a r m e r ' s  lung has been shown

t o  be m a in ly  a d isease  o f  o l d  cows in B r i t a i n .

In t h i s  s t u d y ,  the  keep ing o f  d a i r y  cows in byres has been

found t o  be c l o s e l y  a s s o c i a t e d  w i t h  the  development o f  f a r m e r ' s  lung

in the  da i ryman.  Of the  29 herds f rom which these  bov ine  cases were

a d m i t t e d ,  f a r m e r ' s  lung  had been con f i rm ed  on medical  grounds in f i v e

d a i r y  fa rm ers  bu t  o n l y  one bee f  f a r m e r .  T h is  is n e i t h e r  a r e f l e c t i o n  

o f  the  r e l a t i v e  numbers o f  bee f  and d a i r y  u n i t s  wh ich  we have s t u d ie d  

nor o f  the  r e l a t i v e  numbers o f  u n i t s  in  the n o r th - w e s t  o f  B r i t a i n ,

i t  can be I n f e r r e d ,  t h e r e f o r e ,  t h a t  exposure  t o  f a r m e r ' s  lung a n t i g e n s

had been h igh on these farms s in c e  the  p reva le nce  o f  f a r m e r ' s  lung in 

the  fa rm in g  p o p u la t i o n  In n o r t h - w e s t  B r i t a i n  is  less  than  20 per cent  

(102, 2 50 ) .  A l t h o u g h  f a r m e r ' s  lung had o n ly  been f i r m l y  d iagnosed in
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SIX fa r m e rs ,  a n o th e r  seven s u f f e r e d  an adverse c l i n i c a l  r e a c t i o n  d u r in g  

or  soon a f t e r  w o rk in g  w i t h  mouldy hay. Th is  c o n f i r m s  t h a t  exposure  

to  mouldy hay dus t  over  a p ro longed  p e r io d  r e s u l t s  in the  deve lopment 

o f  r e s p i r a t o r y  symptoms in a l a r g e  p r o p o r t i o n  o f  the  human p o p u la t i o n  

a t  r i s k .

Since f a r m e r ' s  lung deve loped  in c a t t l e  r e g u l a r l y  exposed 

t o  mouldy hay dus t  f o r  se vera l  months in p o o r l y  v e n t i l a t e d  accommoda

t i o n ,  i t  was l o g i c a l  t o  produce the  d isease  e x p e r i m e n t a l l y  under 

s i m i l a r  c o n d i t i o n s .  In two groups o f  f o u r  e xpe r im en ta l  c a lv e s  t h a t  

were fed  mouldy hay tw ic e  d a i l y ,  p r e c i p i t a t i n g  a n t i b o d i e s  t o  M. fa e n i  

were d e te c te d  in e ve ry  c a l f  w i t h i n  seven weeks. However, c l i n i c a l  

s ign s  o f  r e s p i r a t o r y  d isease  had no t  become appa ren t  even a f t e r  the 

second group  had been exposed f o r  a t o t a l  o f  18 weeks.  The d u r a t i o n  

o f  exposure  must have been i n s u f f i c i e n t  f o r  the  deve lopment o f  

c l i n i c a l  d isease  s in c e  the  younges t  f i e l d  case,  a two year o l d  h e i f e r ,  

had been exposed t o  mouldy hay f o r  a t  l e a s t  one w i n t e r  hous ing  p e r io d  

(24 w e e k s ) . However, p y re x ia  and tachypnoea d id  deve lop  in one o f  the  

f o u r  ca lves  in the  second group se vera l  hours a f t e r  they  had been g ive n  

th e  f i r s t  o f  two massive  exposures t o  mouldy hay d u s t .  The f i r s t  and 

second massive exposures had occur red ,  a f t e r  two weeks and a f t e r  one 

week o f  f reedom from exposure  t o  mouldy hay dus t  r e s p e c t i v e l y .

The f i r s t  group  o f  c a lv e s  were s u b je c te d  t o  pos t-mor tem 

exa m in a t io n  a f t e r  ten  weeks exposure  to  mouldy hay w h i l e  the second 

g roup ,  wh ich  had been exposed f o r  a t o t a l  o f  18 weeks,  were examined 

s i x  hours (two c a lv e s )  and 24 hours ( two ca lv e s )  a f t e r  t h e i r  second 

mass ive  exposure to  mouldy hay d u s t .  The m ic r o s c o p ic  lung  changes 

were s i m i l a r  in both groups a l t h o u g h  the. degree o f  lung Invo lvement 

was g r e a t e r  in t h e  second group than in the  f i r s t .  B r o n c h i t i s  and 

b r o n c h i o l i t i s  were p re sen t  in e ve ry  c a l f  a l t h o u g h  b r o n c h i o l i t i s  

o b l i t e r a n s  was neve r seen.  T h is  may have r e s u l t e d  f rom an i n s u f f i c i e n t  

d u r a t i o n  and i n t e n s i t y  o f  exposure  s in c e  the  b r o n c h io l e s  a re  the 

s i t e  o f  maximum d e p o s i t i o n  o f  H . fa e n i  spores and s i m i l a r  s ized  

p a r t i c l e s  in mouldy hay dus t  (104,  114).  W h i le  agg rega tes  o f  macro

phages and e p i t h e l i o i d  g ranu lomata  were seen in the  a l v e o l a r  septa  and 

w a l l s  o f  both  g roups ,  the  mononuc lear  c e l l u l a r  i n f i l t r a t i o n  and 

a l v e o l a r  s e p ta l  t h i c k e n i n g  were more d i f f u s e  in the  c a lv e s  t h a t  had 

been exposed f o r  the  lo nge r  p e r i o d .  Since every  c a l f  developed 

p r e c i p i t i n s  t o  M. fa e n i and was shown to  have pulmonary l e s i o n s  

c h a r a c t e r i s t i c  o f  f a r m e r ' s  lung a t  nec ropsy ,  I t  can be deduced t h a t



p r e c i p i t i n s  no t  o n l y  c o n f i r m  exposure  t o  M. f a en i bu t  a l s o  the  

presence o f  lung  damage.

The number o f  c i r c u l a t i n g  n e u t r o p h i l s  was m o n i to re d  in the 

second group o f  c a lv e s  a f t e r  both  massive  exposures  t o  mouldy hay dus t  

and i t  was found t h a t  th e  mean number In the group  decreased d u r in g  the  

f i r s t  f o u r  hours p o s t -e x p o s u re  o n l y  t o  r e t u r n  t o  the  p re -e xp o su re  le v e l  

d u r i n g  the  nex t  f o u r  h ou rs .  On h 1s t o p a t h o l o g i c a 1 e x a m in a t i o n ,  no t  

o n l y  was t h e r e  a g r e a t e r  number o f  n e u t r o p h i l s  in the  lungs o f  a l l  f o u r  

c a lv e s  than Is seen in h e a l t h y  bov ine  lungs but  t h e re  were a l s o  

a p p r e c i a b l y  more n e u t r o p h i l s  in the  lungs  o f  the  two c a lve s  k i l l e d  s i x  

hours  a f t e r  t h e i r  second exposure  than in those  k i l l e d  a f t e r  24 h ou rs .

N e u t r o p h i l s  a re  necessa ry  f o r  the  f u l l  e x p r e s s io n  o f  a t ype  

i l l  h y p e r s e n s i t i v i t y  r e a c t i o n  (49) and the y  a re  the  dominant  t ype  o f  

c e l l  f rom f o u r  t o  e i g h t  hours a f t e r  the  i n i t i a t i o n  o f  t h i s  r e a c t i o n .  

V a s c u l i t i s  end th rom bos is  a re  u s u a l l y  seen a t  t h e  s i t e  o f  a type  I I I  

h y p e r s e n s i t i v i t y  r e a c t i o n  and t h e i r  presence t o g e t h e r  w i t h  l a r g e  

numbers o f  n e u t r o p h i l s  is  h i g h l y  s u g g e s t i v e  t h a t  t h i s  t ype  o f  r e a c t i o n  

has taken  p la c e .  V a s c u l i t i s  and th rom bos is  were no t  observed in the  

pulmonary b lood  v e s s e l s  bu t  they  were p re sen t  In s k i n  b io p s ie s  f rom 

c l i n i c a l  cases taken  s i x  hours p o s t - i n j e c t  Ion a t  wh ich  t im e  n e u t r o p h i l s  

were the  dominant  t y pe  o f  c e l l .  S ince the  f o l l o w i n g  responses a l l  

o c c u r re d  fo u r  t o  e i g h t  hours a f t e r  c h a l l e n g e  w i t h  M, fa e n i  a n t i g e n s  

v i z .  a d e t e c t a b l e  c l i n i c a l  response ,  a decrease in th e  c i r c u l a t i n g  

number o f  n e u t r o p h i l s ,  a marked in c re a se  in the  number o f  pulmonary 

n e u t r o p h i l s  and the  presence o f  v a s c u l i t i s  and th rom bos is  in b i o p s ie s  

o f  s k in  t e s t s ,  i t  i s  e v id e n t  t h a t  a type  I I I  h y p e r s e n s i t i v i t y  r e a c t i o n  

is  i n v o l v e d  in the  pa thog ene s is  o f  a c u te  f o r m e r ' s  lung in c a t t l e .

The importance  o f  the type  IV h y p e r s e n s i t i v i t y  r e a c t i o n  in 

the  pa thogenes is  o f  f a r m e r ' s  lung has not  been e s t a b l i s h e d  a l t h o u g h  the  

c e l l u l a r  r e a c t i o n s  in th e  s k in  72 hours  a f t e r  c h a l l e n g e  by i n j e c t i o n  

o f  M. f a e n i a n t i g e n s  were m i c r o s c o p i c a l l y  s i m i l a r  t o  those  o f  a 

t u b e r c u l i n  r e a c t i o n .  A l s o ,  the  l a r g e  numbers o f  mononuc lear  c e l l s  

found in the  a l v e o l a r  septa and w a l l s  o f  c l i n i c a l  cases c ou ld  have 

been i n d i c a t i v e  o f  a t y pe  IV h y p e r s e n s i t i v i t y  r e a c t i o n .  Mononuc lear  

c e l l u l a r  i n f i l t r a t i o n ,  however,  is  p re sen t  24 hours a f t e r  the  

i n i t i a t i o n  o f  type  I I I  as w e l l  as type  iV h y p e r s e n s i t i v i t y  r e a c t i o n s  

(93) and,  u n f o r t u n a t e l y ,  in  eve ry  case examined a t  n ec rop sy ,  the  t im e  

wh ich  had e lapsed  between t l i e  a n i m a l ' s  l a s t  exposure  t o  f a r m e r ' s  lung
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a n t i g e n s  was w e l l  In excess o f  24 hou rs .  Tiie pa thogenes is  o f  

f a r m e r ' s  lung a lm os t  c e r t a i n l y  depends upon the i n t e r a c t i o n  o f  two 

m a jo r  components;  f i r s t l y  t h e r e  is  the  Immunological  component made 

up o f  a type  I I I  h y p e r s e n s i t i v i t y  r e a c t i o n  w i t h  p o s s i b l y  t ype  IV and 

perhaps even type  I I  r e a c t i o n ,  and second ly  t h e re  is  a non- 

immunologica l  component .  Mouldy hay dus t  p a r t i c l e s  by themselves have 

been shown to  induce c l i n i c a l  s ig ns  o f  f a r m e r ' s  lung in man p ro ba b ly  

because they  had s t i m u l a t e d  th e  a l t e r n a t i v e  pathway o f  complement 

a c t  i va t  ion (68) .

By f a r  the  most Im p o r ta n t  f a c t o r  common to  the  development 

o f  f a r m e r ' s  lung in c a t t l e  and in man is  the  i n h a l a t i o n  o f  dus t  f rom 

mouldy hay.  T h e r e f o r e ,  the  obv ious  way t o  p re v e n t  the  development o f  

t h i s  d ise ase  i s  to  m in im ise  the  amount o f  mouldy hay dus t  i n h a le d  o r ,  

i d e a l l y ,  t o  a v o id  f e e d in g  mouldy hay t o  c a t t l e .

Once hay has been made, methods o f  red uc ing  the  amount o f  

exposure  o f  c a t t l e  t o  mouldy hay d us t  a re  l i m i t e d  (Table 8 2 ) .  Hay may 

be fed  o u t s i d e ,  shaken up o u t s i d e  b e fo re  be ing fed  i n s i d e  and even 

dampened w i t h  w a t e r ,  but  these  p rocedures  are  la bou r  i n t e n s i v e .  A f t e r  

e x t r a c t o r  fans  had been i n s t a l l e d  In the  d ry  cow byre  wh ich  had a very  

low r o o f ,  fa rm e r  s i x  c o n s id e re d  t h a t  the  in c id e n ce  o f  cough ing  had 

decreased n o t i c e a b l y .  C o nsequ en t ly ,  i t  can be s t a t e d  t h a t  f a n s ,  

p ro v id e d  they  a re  s i t e d  in the  p ro pe r  p la c e ,  can reduce the  amount o f  

exposu re  t o  mouldy hay d u s t .  The most obv ious  method o f  p r e v e n t i n g  

exposu re  to  mouldy hay dus t  is  t o  make s i l a g e  in s tea d  o f  hay (Tab le  82) , 

T h is  had been done on farm FL7 and the  s e r o l o g i c a l  r e s u l t s  over two

w i n t e r  hous ing  p e r io d s  c o n f i rm e d  t h a t  the  amount o f  M_. fa e n i  a n t i g e n s

in h a le d  had no t  been s u f f i c i e n t  t o  s e n s i t i s e  any o f  the  cows. In 

a d d i t i o n ,  a fa rm er  who has f a r m e r ' s  lung is  p ro b a b ly  the  most s e n s i t i v e  

system f o r  d e t e c t i n g  the  presence o f  M. fa e n i  a n t i g e n s  and the  f a c t  

t h a t  c l i n i c a l  symptoms d id  not  deve lop  a f t e r  t h i s  fa rmer  had fed s i l a g e  

was a d d i t i o n a l  c o n f i r m a t i o n  t h a t  h i s  s i l a g e  d id  no t  c o n t a i n  H. fa e n i  

a n t i g e n s .  I t  has been r e p o r te d  f rom the  U n i te d  S ta te s  o f  Amer ica t h a t  

exposu re  t o  mouldy s i l a g e  can produce « f a r m e r ' s  l u n g - l i k e  r e s p i r a t o r y  

d isease  in c a t t l e  (13 9) ,  but  f rom the  r e s u l t s  quo ted  here and f rom 

o th e r  s t u d i e s ,  t h e r e  is  no ev iden ce  t o  suggest  t h a t  the  same i s  t r u e  

in t h i s  c o u n t r y .  The ma jo r  d is a dva n ta g e  o f  chang ing  over c o m p le te l y  

and sudden ly  f rom making hay t o  making s i l a g e  is  the  l a r g e  c a p i t a l  

e x p e n d i t u r e  r e q u i r e d  f o r  new mach ine ry  and new b u i l d i n g s .  Inves tmen t  

on such a s c a le  is  no t  e c o n o m ic a l l y  f e a s i b l e  a t  p re sen t  in the a reas

12
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where f a r m e r ' s  lung  is  common.

Of the  conserved g rass  in B r i t a i n ,  8o per  cen t  is  made i n t o  

hay (3 2 , 23S) and s in c e  In the  wes te rn  p a r ts  o f  the  c o u n t r y  t h i s  is  

l i k e l y  t o  be mouldy t h r e e  years  ou t  o f  every f o u r  (215) ,  a cheap and 

p r a c t i c a l  method o f  i n h i b i t i n g  mould growth on baled hay is r e q u i r e d .  

C a p i t a l  e x p e n d i tu r e  is  the  main d isa dva n tag e  o f  a l l  t he  methods o f  

a r t i f i c i a l l y  d r y i n g  g rass  (Tab le  82) a l t h o u g h  the b low ing  o f  a i r  a t  

amb ien t  t em pe ra tu re  th rouq i i  newly baled  hay is  the  cheapes t  and most 

p r a c t i c a l  method a t  p re sen t  t o  m in im ise  h e a t in g  and mou ld ing  (292) .

I t  has been shown t h a t  h e a t in g  and mou ld ing  in w e t - s t o r e d  

b a r l e y  (178) and in baled bagasse (293) can be p reven ted  by s p ra y in g  

w i t h  p r o p i o n i c  a c i d  b e fo re  s t o r a g e .  Many o r g a n i c  ch em ica ls  w i t h  

b a c t e r i o s t a t i c  and m y c o s t a t i c  p r o p e r t i e s  have been sprayed o n to  hay 

in an a t te m p t  t o  p re ven t  h e a t i n g  and mould ing  (124) .  A commercia l 

hay a d d i t i v e ,  (Hay Savor;  A g i l  L t d . ,  Maidenhead,  B e r k s h i r e )  wh ich  

was c la im ed  to  i n h i b i t  h e a t i n g  and mould ing on ba led hay,  had been 

used on two farms (FL3, FL5) in  the  s e r o l o g i c a l  su rve y .  The p r o p o r 

t i o n  o f  p r e c i p i t i n - n e g a t i v e  c a t t l e  t h a t  developed p r e c i p i t i n s  when fed 

Hay Savor t r e a t e d  hay d u r in g  the  f i r s t  w i n t e r  was s i m i l a r  t o  the 

p r o p o r t i o n  in che o th e r  herds  wh ich  deve lop p r e c i p i t i n s  when g ive n  

u n t r e a t e d  hay (219) .  Con seq uen t ly ,  no obv ious  b e n e f i t  had been gained 

f rom us in g  t h a t  p a r t i c u l a r  a d d i t i v e  t o  reduce the  amount o f  exposure

to  ^  facn  i . The r e s u l t s  o f  f i e l d  t r i a l s  c a r r i e d  o u t  by the

N a t io n a l  A g r i c u l t u r a l  A d v i s o r y  S e r v i c e  (now the  A g r i c u l t u r a l  

Development and A d v i s o r y  S e rv ic e )  con f i rm ed  t h a t  t i ie  commercia l hay 

a d d i t i v e s  on the  market  a t  t h a t  t im e  d id  no t  reduce s i g n i f i c a n t l y  the  

amount o f  exposure t o  M. f a e n i  (13 ) .  The e f f i c i e n c y  o f  chemical  

mould i n h i b i t o r s  is c o n s i d e r a b l y  reduced when an e f f e c t i v e  u n i fo rm  

c o n c e n t r a t i o n  cannot  be ach ieved  th roug hou t  the  ba le  s in c e  t h e r e  is 

ve ry  l i t t l e  l a t e r a l  movement o f  a d d i t i v e  (146) .  Th is  is  p ro ba b ly  

the  ma jo r  reason f o r  the  f a i l u r e  o f  these p r o p r i e t a r y  a d d i t i v e s  under 

f i e l d  c o n d i t i o n s  because,  u n l i k e  b a r l e y  and bagasse,  hay is  n o t  a 

u n i f o r m  c ro p .

T h is  s tudy  has c o n f i rm e d  t h a t  c a t t l e  and t h e i r  a t t e n d a n t s  

can deve lo p  f a r m e r ' s  lung d isease  under s i m i l a r  c o n d i t i o n s  o f  exposure  

and so the  devel opmeiit o f  a cheap,  s im p le  and sa fe  method o f  p r e v e n t in g  

h e a t in g  and mou ld ing  in hay ba led a t  between 35 and 45 per cen t  

m o is t u re  is  one o f  the  ma jo r  areas in which p rogress  is  r e q u i r e d  in

4



t he  f u t u r e .  The bes t  method o f  a c h i e v i n g  t h i s  s t i l l  appears to  be 

f u r t h e r  development o f  chemical  sp rays w i t h  b a c t e r i o s t a t i c  and 

m y c o s t a t i c  p r o p e r t i e s .  U n l i k e  a number o f  sprays  on the  marke t  a t  

p r e s e n t ,  new chemical  mould i n h i b i t o r s  w i l l  no t  have t o  p resen t  a 

h e a l t h  hazard t o  farm w o rk e rs .  In a d d i t i o n ,  methods w i l l  have t o  be 

developed t h a t  w i l l  ensure the  u n i f o r m  a p p l i c a t i o n  o f  an e f f e c t i v e  

c o n c e n t r a t i o n  o f  these  chem ica ls  on t o  hay as i t  is be ing  b a led .

Once such a system has been s u c c e s s f u l l y  deve loped ,  the  majo r  h e a l t h  

hazard to  the  c o n t in u e d  and w idespread use o f  hay w i l l  have been o v e r 

come.

A l th o u g h  the  importance  o f  M. fa e n i  in  the  pa thogenes is  o f  

f a r m e r ' s  lung in c a t t l e  has been co n f i rm e d  by these  i n v e s t i g a t i o n s ,  

i t  is  l i k e l y  t h a t  a l l e r g e n s  d e r i v e d  f rom o th e r  t h e r m o p h i l i c  a c t l n o -  

mycetes may be i n v o lv e d  in some cases o f  the  bov ine  d ise ase  as they 

a r e  known t o  be in man. E x t r i n s i c  a l l e r g i c  a l v e o l  i t i s  has been 

diagnosed c l i n i c a l l y  and c o n f i rm e d  p a t h o l o g i c a l l y  in se ve ra l  cows in 

one herd a l t h o u g h  e x h a u s t i v e  s e r o l o g i c a l  t e s t i n g  w i t h  a m u l t i t u d e  o f  

e n v i r o n m e n t a l l y  d e r i v e d  a n t i g e n s  f a i l e d  t o  I d e n t i f y  the  p r e c i s e  cause 

o f  the syndrome (292) .  F u r t h e r  work is  t h e r e f o r e  necessary  t o  

i d e n t i f y  o th e r  r e s p i r a t o r y  a l l e r g e n i c  a n t i g e n s .

The a l t e r n a t i v e  pathway o f  complement a c t i v a t i o n  r e q u i r e s  

t o  be assessed in c a t t l e  so t h a t  the  r o l e  dus t  p a r t i c l e s  p la y  in the  

pa thogenes is  o f  bov ine  f a r m e r ' s  lung can be a s c e r t a i n e d .  Only then 

w i l l  the  r e l a t i v e  importance  o f  the  non - im muno log ica l  and th e  

immunologica l  components in v o lv e d  in the  pa thogenes is  o f  t h i s  

c o n d i t i o n  be f u l l y  e l u c i d a t e d .  The p ro d u c t i o n  o f  f a r m e r ' s  lung in 

c a t t l e  under c o n t r o l l e d  c o n d i t i o n s  o f  exposure would enab le  the  p r e c i s e  

pa thogenes is  o f  the  d isease  to  be de te rm ine d .  I t  m ig h t  then prove 

p o s s i b l e  t o  deve lo p  more s e n s i t i v e  d i a g n o s t i c  techn ique s  i n v o l v i n g  

s e ro lo g y  t o  enab le  the  degree o f  lung damage to  be assessed even in 

the absence o f  d e t e c t a b l e  r e s p i r a t o r y  d ise ase .

Soluble,  c i r c u l a t i n g  a n t  I gen -an t  i body complexes a re  

c o ns ide re d  to  be produced when a s e n s i t i s e d  animal  ( t yp e  M l  

h y p e r s e n s i t i v i t y )  is  s u b je c te d  t o  a massive c h a l l e n g e  w i t h  inha led  

a n t i g e n s .  A p a r t i c u l a r l y  i n t e r e s t i n g  l i n e  o f  I n v e s t i g a t i o n  would 

be t o  c o n f i r m  the  p ro d u c t i o n  o f  such immune complexes and to  s tudy  

t h e i r  e f f e c t  on bov ine  k idn eys  as f o u r  o f  the c l i n i c a l  f a r m e r ' s  lung 

cases had a s i g n i f i c a n t  p r o t e i n u r i a .  A l th o u g h  rena l  a m y lo id o s i s  was
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d iagnosed in two a n im a l s ,  no s p e c i f i c  reasons were found f o r  the  

p r o t e i n  le ak  in the  o th e r  two cases.

F a rm e r 's  lung and th e  o t h e r  samples o f  e x t r i n s i c  a l l e r g i c  

a l v e o l i t i s  re p re s e n t  a t ype  o f  h y p e r s e n s i t i v i t y  pulmonary d ise ase  in 

man t h a t  i s  o f  i n c r e a s i n g  im po r ta nce .  C onsequen t ly ,  i t  is  im p e r a t i v e  

t h a t  a b e t t e r  u n d e rs ta n d in g  o f  the  b a s i c  d isease  processes be o b ta in e d  

so t h a t  the  d ia g n o s i s  and assessment o f  lung damage can be made a t  the  

e a r l i e s t  p o s s i b l e  s tage  to  enab le  t h e r a p e u t i c  and p r e v e n t i v e  measures 

t o  be implemented.  Once the  model o f  f a r m e r ' s  lung has been e s t a b l i 

shed In c a t t l e ,  f u r t h e r  s t u d i e s  u t i l i s i n g  methods and tec h n iq u e s  no t  

p o s s i b l e  f o r  use in the  human can add t o  the  knowledge and u n d e r s ta n d 

ing o f  t h i s  i n t e r e s t i n g  and complex r e s p i r a t o r y  d i s o r d e r .
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WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMATION 

THIS COW

OTHER COWS

HAY

FARMER

CA SE  N O .  A 1

M a y ,  1 9 7 0 .

Sudden onse t  r e s p i r a t o r y  d i s t r e s s . Tachypnoea

D u l l .  Reduced m i l k  y i e l d .  Temperature  -  102 F . 

Indoors  fog  f e v e r .

A n t i b i o t i c s .  T r i p e l e n a m i ne. Poor c l i n i c a l  response 

J_

No h i s t o r y  o f  any p re v io u s  d is e a s e .  R e t r o s p e c t i v e l y ,  

poor m i l k  y i e l d  d u r i n g  s p r i n g ,  1970.

T o ta l  = 3 k . Occas iona l  cough ing .  No recen t  cases 

o f  pneumonia in housed a d u l t s .

Very d u s ty .

U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION -  18 MAY, 1 9 7 0 .

Age “  6 y e a rs .  Breed - F r i e s i a n  c r o s s .  C o n d i t i o n  -  f a i r .

Demeanour - b r i g h t .

Heart  Rate - 7 0 /m in u te .  Pulse -  good. Temperatu re -  l O l ° F .

Resp. Rate -  3 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  h a rsh ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  - no a d v e n t i t i o u s  sounds.

O ther  f i n d i n g s  -  n i l .

Time in h o s p i t a l  -  11 days,

C L I N I C A L  D I A G N O S I S  -  A c u t e  F a r m e r ' s  L u n g ,

Ÿ * f



WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMATION 

THIS COW 

OTHER COWS

HAY

FARMER

CASE N O.  A 2

M a y ,  1 9 7 0

Sudden onse t  r e s p i r a t o r y  d i s t r e s s .  D u l l .  A no re x ia  

Was m o u th - b r e a th in g  and g r u n t i n g .  Reduced m i l k  

y i e l d .  Temperatu re  -  103^F. A u s c u l t a t i o n  - 

b i l a t e r a l  c r a c k l e s  A /V ,

P e c u l i a r  pneumonia.

A n t i b i o t i c s .  Betamethasone.  Good c l i n i c a l  response.

No h i s t o r y  o f  any p re v io u s  d is e as e .

T o ta l  -  42.  Coughing p re sen t  but  no t  marked.  No 

re c e n t  cases o f  pneumonia in housed a d u l t s .

Dusty.  Fed b e fo re  m i l k i n g .

U n a f f e c te d  by mouldy hay dus t  a l t h o u g h  he and h i s  

w i f e  have p r e c i p i t i n s  t o  M. f a e n i .

CLINICAL EXAMINATION ON ADMISSION -  23 SEPTEMBER, 1970.

Age -  6 y e a r s .  Breed -  A y r s h i r e .  C o n d i t i o n  good.

Demeanour - b r i g h t .

Hear t  Rate - 7 0 /m in u te .  Pulse  -  good. Temperature  -  lO l . 4 ° F  

Resp. Rate -  3 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  h a rsh ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  L e f t ,  i n t e r m i t t e n t  rhonchus A /V .

O ther  f i n d i n g s  -  n i l .

Time in  h o s p i t a l  -  1 y e a r .

C L I N I C A L  D I A G N O S I S  -  F a r m e r ' s  L u n g .

1 8



CASE N O.  A 3

WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

F e b r u a r y , 1$67.

A n o r e x ia .  Dyspnoea. Tachypnoea,  F re q u e n t ,  

p r o d u c t i v e  cough in g .  C l i n i c a l  re la p s e s  every

subsequent  w i n t e r  and s p r i n g .  Poor m i l k  y i e l d  

Weight  l o s s .  Occurred  soon a f t e r  c a l v i n g .  

None made.

A n t i b i o t i c s .  Poor c l i n i c a l  response.

OTHER INFORMATION 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v iou s  d ise ase .

T o ta l  = 90. F requen t  cough ing.  In p re v io u s  y e a r s ,  

se ve ra l  cows have developed acu te  pneumonia w h i l s t  

i n d o o r s .

Very d u s ty .

F a rm e r 's  lung d iagnosed in e a r l y  1969.

CLINICAL EXAMINATION ON ADMISSION 21 OCTOBER, 1970

Age -  13 y e a r s .  Breed -  F r i e s i a n  X. C o n d i t i o n  -- poor

Demeanour -  b r i g h t .

Heart  Rate -  7 0 /m in u te .  Pulse  - good.  Temperature -  1 0 1 .6^F, 

Resp. Rate - 4 0 /m in u te .  Moderate hyperpnoea.

Coughing -  o c c a s i o n a l ,  h a rs h ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  - no a d v e n t i t i o u s  sounds.

Other f i n d i n g s  -  n i l .

Time in h o s p i t a l  -  11 months.

C L I N I C A L  D I A G N O S I S  -  F a r m e r ' s  L u n g ,

/ i 8



CASE NO.  A 4

WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

N o v e m b e r ,  1 9 7 0 .

A n o r e x ia .  Hyperpnoea. Tachypnoea.  Occas iona l  

coughing*. Temperature  -  103^F. Reduced m i l k  y i e l d ,  

R e s p i r a t o r y  d ise ase  2 weeks a f t e r  c a l v i n g .

Fa rm e r 's  lung ?

A n t i b i o t i c s .  Poor c l i n i c a l  response.

OTHER INFORMATION 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d is e a s e .

T o t a l = 60. Occas iona l  cough ing .  In p re v io u s  years  

has had one or  two cases o f  pneumonia in  housed 

a d u l t s .

Mixed q u a l i t y .

U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION 7 DECEMBER. 1970.

Age -  6 y e a rs .  Breed -  F r i e s i a n .  C o n d i t i o n

Demeanour -  b r i g h t .

Heart  Rate -  7 0 /m in u te .  Pulse -  good. Temperature 

Resp. Rate -  3 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

O ther f i n d i n g s  -  n i l .

Time in h o s p i t a l  -  9 months.

good.

102 .2°F

C L I N I C A L  D I A G N O S I S  ~ F a r m e r ' s  L u n g .



WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

OTHER I NFORMAT I ON 

THIS COW 

OTHER COWS

HAY

FARMER

CASE NO. A5 

Feb rua ry ,  197K

Sudden onse t  r e s p i r a t o r y  d i s t r e s s .  D u l l .  A n o r e x ia .  

S tand ing '  w i t h  i t s  tongue o u t .  Farmer d iagnosed 

" c h o k e " .  Temperature  < 1 0 3 ^ F .  C r a c k l i n g  heard 

h igh  up ove r  l e f t  lung .

Fog f e v e r .

A n t i b i o t i c s .  Poor c l i n i c a l  response.

[

No h i s t o r y  o f  any p re v io u s  d isease .

T o ta l  = 40.  Occasiona l  cough ing .  No re ce n t  cases o f  

pneumonia in  housed a d u l t s .

Very d u s ty .

Long s ta n d in g  b r o n c h i t i s .  P o s s i b i l i t y  o f  f a r m e r ' s  

lung  no t  i n v e s t i g a t e d .

CLINICAL EXAMINATION ON ADMISSION -  6 FEBRUARY, 1971.

Age -  5 y e a r s .  Breed -  Ga l loway.  C o n d i t i o n  -  poor .

Demeanour -  b r i g h t .

Heart  Rate - 8 0 /m in u te ,  Pulse -  good.  Temperature  -  i O l . 7 ^ F .  

Resp. Rate - 4 o /m in u te .  Moderate hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e ,  no t  harsh .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

Other f i n d i n g s  -  e x e r c i s e  i n t o l e r a n c e .  Resented p e r c u s s io n .

A b o r te d  7 FEB. Not  B r u c e l l o s i s .  Not m y c o t i c  a b o r t i o n .  

Time in  h o s p i t a l  -  2 days.

C L I N I C A L  D I A G N O S I S  -  A t y p i c a l  i n t e r s t i t i a l  P n e u m o n i a .
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CASE N O.  A 6

WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

F e b r u a r y ,  1 9 7 2 .

Coughing.  Hyperpnoea. Tachypnoea.  D u l l .  

Temperatùre  -  i 0 4 °F .  Reduced m i l k  y i e l d .  

R e s p i r a t o r y  d isease  w i t h i n  2 weeks o f  c a l v i n g  

Re ta ined  p la c e n ta .

None made.

A n t i b i o t i c s .  Poor c l i n i c a l  response.

OTHER INFORMAT I ON 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d is e a s e .

T o ta l  “  55. Occas iona l  cough in g .  Over l a s t  8 years,  

severa l  cows have developed acu te  pneumonia j u s t  a f t e r  

c a l v i n g  w h i l s t  housed.  Reta ined  p la c e n ta  i s  common 

a l s o .

Very d u s ty .

Gets "choked up" w i t h  mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION 29 FEBRUARY, 1972.

Age -  4 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n

Demeanour -  b r i g h t .

Hear t  Rate -  8 0 /m in u te .  Pulse -  good. Temperatu re 

Resp. Rate -  3 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  harsh .  No a d v e n t i t i o u s  sounds.

O ther f i n d i n g s  -  n i l .

Time in  h o s p i t a l  - 1 day.

aooa.

1 0 2 .1°F

C L I N I C A L  D I A G N O S I S F a r m e r ' s L u n g .



CASE NO.  A 7

WHEN SEEN I L L

C L i N i C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

S e p t e m b e r ,  1 9 7 3 .

A n o r e x ia .  Dyspnoea. Reduced m i l k  y i e l d .  Coughing.  

R e s p i r a t o r y  d isease  w i t h i n  4 weeks o f  c a l v i n g  and 2 

weeks a f t e r  be ing  housed.  L e f t  on farm u n t i l  June, 

1974. No f u r t h e r  acu te  e p isodes .

Indoor fog  f e v e r .

A n t i b i o t i c s .  Betamethasone. Good c l i n i c a l  response,

OTHER INFORMAT I ON 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d is e a s e .

T o ta l  = 6 0 . Occasiona l  cough ing .  In p re v iou s  years  

a few cases o f  acu te  pneumonia In housed a d u l t s .

M ixed q u a l i  t y .

U n a f f e c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION -  4 JUNE, 1974. ^

Age -  10 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n

Demeanour -  b r i g h t .

Heart  Rate -  6 0 /m in u te .  Pulse  -  good.  Temperatu re 

Resp. Rate -  4 0 /m in u te .  Modera te hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e ,  harsh.  

A u s c u l t a t i o n  -  L e f t ,  c r a c k le s  A /V ,  rhonch i  w id esp read .

R i g h t ,  c r a c k le s  A /V ,  rhonch i  w id espread .  

O the r  f i n d i n g s  -  s l i g h t  mucoid nasal d i s c h a rg e .

Time in  h o s p i t a l  -  3 weeks.

poor,

101 . s f F

C L I N I C A L  D I A G N O S I S F a r m e r ' s  L u n g



CASE NO.  A 8

WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

M a y ,  1 S 7 4 .

Dyspnoea. F requent  p r o d u c t i v e  cough in g .  Reduced 

m i l k  y i e l d .  Temperature  -  i 0 5 °F .  Put cu t  t o  g rass  

on 14 May. R e s p i r a t o r y  s igns  n o t i c e d  a f t e r  w a l k i n g  

in  t o  be m i l k e d .

F a rm er 's  lung  ?

A n t i b i o t i c s .  Betamethasone. Poor c l i n i c a l  response .

OTHER INFORMATION

THIS COW

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d is e a s e .  P ro d u c t i v e  

cough ing had been n o t i c e d  d u r in g  the  w i n t e r .

T o ta l  := 3 2 . Frequent  coughing in  s p r i n g .  No re ce n t  

cases o f  pneumonia in  housed a d u l t s .

M ixed q u a l i t y .

W i fe  feeds cows: f a r m e r ' s  lung d iagnosed in 1971.

CLINICAL EXAMINATION ON ADMISSION -  10 SEPTEMBER, 1974.

Age -  8 y e a rs .  Breed -  F r i e s i a n .  C o n d i t i o n  -  poor.

Demeanour -  s l i g h t l y  d u l l .

Hear t  Rate -  9 0 /m in u te ,  Pulse -  poor.  Temperature  -  lO l .B ^ F  

Resp. Rate - 5 0 /m in u te .  Gross hyperpnoea -  r o c k in g .

Coughing -  f r e q u e n t ,  pa roxysm a l ,  p r o d u c t i v e  - t h i c k  mucus. 

A u s c u l t a t i o n  -  L e f t ,  c r a c k l e s  A /V ,  rhonch i  w idespread .

R i g h t ,  c r a c k le s  A /V ,  rhonch i  A /V .

O ther f i n d i n g s  -  e n la r g e d ,  n o n - p u l s a t i n g ,  j u g u l a r  v e in s .

Time in  h o s p i t a l  -  4 weeks.

C L I N I C A L  D I A G N O S I S F a r m e r ' s  L u n g  -  e a r l y  c o r  p u l m o n a l e .
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CASE NO.  A 9

WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

J a n u a r y ,  1 9 7 4 .

A n o r e x ia .  D u l l .  Hyperpnoea.  Tachypnoea.  Reduced 

m i l k  y i e l d .  R e s p i r a to r y  d isease  3 weeks a f t e r  being  

housed,  2 weeks a f t e r  c a l v i n g .

Farmer 's  lu ng .

A n t i b i o t i c s .  Betamethasone. Poor c l i n i c a l  response.

OTHER INFORMATION 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v iou s  d ise ase .

T o ta l  = 40.  Occas iona l  cough ing .  No re ce n t  cases o f  

pneumonia in  a d u l t s .  One cow "wheezes" d u r in g  the  

w i n t e r  bu t  d o e s n ' t  w h i l e  a t  g rass .

D u s ty .

F a rm e r 's  lung  d iagnosed in  1970.

CLINICAL EXAMINATION ON ADMISSION -  18 NOVEMBER, 1974.

Age "  8 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n  - poor.

Demeanour -  b r i g h t .

Heart  Rate - 7 0 /m in u te .  Pulse -  good. Temperature -  101.8^2

Resp. Rate -  5 0 /m in u te .  Moderate  hyperpnoea.

Coughing - o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

Other f I n d  i ngs -  n i l .

Time in  h o s p i t a l  -  8 days.

C L I N I C A L  D I A G N O S I S  -  F a r m e r ’ s L u n g .

5 5



CASE MO. Al 0 

•WHEN SEEN ILL November, 1974.

CLINICAL SIGNS Dyspnoea f o l l o w i n g  e x e r c i s e .  Coughing.  Nasal d i s 

charge .  R e s p i r a t o r y  d isease  2 weeks a f t e r  be ing 

housed.  C ra ck le s  and squeaks heard A/V in lu ngs .

V.S,  DIAGNOSIS Fa rm er 's  lu n g .

TREATMENT None g i v e n .

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p rev ious  d isease .

OTHER COWS T o ta l  -  25.  No cough in g .  Several  cases o f  acu te

pneumonia in  housed a d u l t s  in  recen t  ye a rs .

HAY M ixed ,  the  w o rs t  i s  fed  j u s t  a f t e r  the  cows a re  housed

FARMER U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMI NATION ON ADMISSION -  30 NOVEMBER, 1974.

Age -  8 y e a rs .  Breed -  Aberdeen Angus c r o s s .  C o n d i t i o n

poor.  Demeanour -  b r i g h t .

Hea r t  Rate -  6 0 /m in u te .  Pu lse  - good. Temperature - 101 .6^F.

Resp. Rate ~ 3 0 /m in u te .  Moderate  hyperpnoea.

Coughing -  occas ion a l  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  L e f t ,  c r a c k le s  A /V .

Other f i n d i n g s  -  n i l .

Time in  h o s p i t a l  -  17 days.

C L I N I C A L  D I A G N O S I S  -  F a r m e r ' s  L u n g .
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CASE N O.  A l l

WHEN SEEN ILL December, 1974.

CLINICAL SIGNS Developed p e c u l i a r  " f i t "  and became recumbent.

Tachypnoea,  Squeaks heard on a u s c u l t a t i o n .

V.S.  DIAGNOSIS F a rm er 's  lung .

TREATMENT None g i v e n .

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p re v iou s  d is e a s e .  On a r r i v a l ,  she

was h y p e r a e s t h e t Î c , p robab ly  hypomagnesaemia.

OTHER COWS T o ta l  = 30. Occas iona l  cough ing.  Two o l d e s t  cows

a re  a l s o  h y p e rp n o e ic .  (See case A15)

HAY Very d u s ty .

FARMER Fa rm er 's  lung  d iagnosed in 1972.

CL IN ICAL EXAMINATION ON ADMISSION -  12 DECEMBER, 1974.

Age -  9 y e a r s .  Breed - Aberdeen Angus c ro s s .  C o n d i t i o n  -  poor 

Demeanour -  b r i g h t .

Heart  Rate -  6 o /m in u te .  I r r e g u l a r l y  i r r e g u l a r .  Hear t  sounds d i f f i c u l t  

t o  hear because o f  a d v e n t i t i o u s  lung sounds.  Pulse 

good. Temperature  -  102 .4°F.

Resp. Rate -  3 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  not  heard .

A u s c u l t a t i o n  -  L e f t ,  c r a c k le s  and rhonch i  A /V.

R i g h t ,  c r a c k l e s  and rhonchi  A /V ,

Other f i n d i n g s  -  p a p i l l o m a  on hard p a l a t e .  Teeth ve ry  worn.

Time in  h o s p i t a l  -  3 weeks.

C L I N I C A L  D I A G N O S I S  -  F a r m e r ' s  L u n g .
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CASE NO.  A l  2

WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

J a n u a r y ,  1 9 7 5 .

A n o r e x ia .  Sudden onset  dyspnoea (mouth b r e a t h i n g ) .  

Coughing heard b e fo re  t h i s .  Temperatu re  ~ 105°F.  

Reduced m i l k  y i e l d .

A l l e r g i c  pneumonia.

A n t i b i o t i c s .  Betamethasone. Good c l i n i c a l  response.

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p re v io u s  d isease ,

OTHER COWS T o ta l  -  20. Occas iona l  cough ing .  No p re v io u s  cases

o f  pneumonia in  housed a d u l t s .

HAY Not co n s id e re d  d u s ty .

FARMER U n a f fe c te d  by d u s t .

CLINICAL EXAMINATION ON ADMISSION 22 JANUARY, 1975.

Age -  6 y e a r s .  Breed -  F r i e s i a n  c r o s s .  C o n d i t i o n  -  f a i r

Demeanour -  b r i g h t .

Heart  R a t e . -  9 0 /m in u te .  Pulse -  good. Temperatu re  -  101 .9°F .  

Resp. Rate -  4 0 /m in u te .  Moderate hyperpnoea.

Coughing -  o c c as io n a l  paroxysms, n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  L e f t ,  loud c r a c k le s  A /V .

R i g h t ,  c r a c k l e s  A /V ,  rhonch i  w idespread .

Other f i n d i n g s  -  n i l .

Time in  h o s p i t a l  -  2 weeks.

C L I N I C A L  D I A G N O S I S  -  F a r m e r ' s  L u n g .
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CASE N O.  A 1 3

WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

A p r i l ,  1971 .

Hyperpnoea,  Coughing.  Tachypnoea.  Appeared t o  

re co ve r  d u r i n g  t h e  summer w h i l e  a t  g ra ss .  Ten days 

a f t e r  be ing  housed In-September she had a second 

a c u te  ep isode  f o l l o w e d  by a t h i r d  in Februa ry .  

F a rm e r 's  lu n g .

A n t i b i o t i c s .  Betamethasone. Good c l i n i c a l  response.

OTHER INFORMATION 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d is e a s e .

T o ta l  “  20 cows. Occasiona l  cough in g .  No re ce n t

cases o f  pneumonia in housed a d u l t s .

Mixed qua 1 i t y .

He f e e l s  " s e e d y "  a few hours a f t e r  w o rk in g  w i t h  

mouldy hay.

CLINICAL EXAMINATION ON ADMISSION IB FEBRUARY, 1972.

Age -  5 y e a r s .  Breed -  F r i e s i a n ,  C o n d i t i o n

Demeanour -  b r i g h t .

Heart  Rate - 80/ m i n u t e .  Pulse -  good.  Temperature  

Resp. Rate -  7 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  - L e f t ,  rhonch i  w idespread .

R i g h t ,  c r a c k l e s  A /V ,  rhonch i  w idesp rea d .  

O the r  f i n d i n g s  -  resen te d  t h o r a c i c  p e rc u s s io n .

Time in  h o s p i t a l  -  10 days .

poor

101 -7°F

C L I N I C A L  D I A G N O S I S F a r m e r ' s  L u n g .
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CASE NO.  A l  3

WHEN SEEN I L L

CLINICAL SIGNS

V.S.  DIAGNOSIS 

TREATMENT

A p r i l , 1 9 7 1 .

Hyperpnoea. Coughing.  Tachypnoea,  Appeared t o  

re co ve r  d u r in g  th e  summer w h i l e  a t  g rass .  Ten days 

a f t e r  be ing  housed in  September she had a second 

a c u te  ep isode  f o l l o w e d  by a t h i r d  in Februa ry .  

F a rm er 's  lu n g .

A n t i b i o t i c s .  Betamethasone.  Good c l i n i c a l  response,

OTHER INFORMATION 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v iou s  d ise ase .

T o ta l  = 20 cows. Occas iona l  cough in g .  No recen t

cases o f  pneumonia in housed a d u l t s .

M i xed q u a l i t y .

He f e e l s  " s e e d y "  a few hours a f t e r  w o rk ing  w i t h  

mouldy hay.

CLINICAL EXAMINATION ON ADMISSION -  18 FEBRUARY, 1972.

Age " 5 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n

Demeanour -  b r i g h t .

Heart  Rate -  8 0 /m in u te .  Pulse -  good. Temperatu re 

Resp. Rate - 7 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  - L e f t ,  rhonch i  w idespread .

R i g h t ,  c r a c k l e s  A /V ,  rhonch i  w idespread 

O ther  f i n d i n g s  - resen ted  t h o r a c i c  p e rc u s s io n .

Time in h o s p i t a l  -  lO days.

poor

1 0 1 .7°F

C L I N I C A L  DI AGNOSI S F a r m e r ' s  L u n g .



CASE NO, A 1 4

WHEN SEEN I L L

CLINICAL SIGNS

V.S. DIAGNOSIS 

TREATMENT

J a n u a r y ,  1 9 7 5 -

A n o r e x ia .  Dyspnoea ( m o u th - b r e a th i n g ) .  Tachypnoea,  

Reduced m i l k  y i e l d .  Coughing not  heard .  Temperature  

■<C103^F. Two acu te  episodes - Jan. 25 and Jan. 29. 

A l l e r g i c  Pneumonia.

A n t i b i o t i c s .  Betamethasone. Good c l i n i c a l  response.

OTHER INFORMATION 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d ise ase .

T o ta l  4-2. Frequent  cough ing.  Occasiona l  cases o f  

pneumonia In housed a d u l t s .

M ixed q u a l i  t y .

Develops hay f e v e r  on exposure t o  d u s t .

CLINICAL EXAMINATION ON ADMISSION 21 FEBRUARY, 1975.

Age “  6 ye a rs .  Breed - F r i e s i a n .  C o n d i t i o n

Demeanour -  b r i g h t .

Heart  Rate -  7 0 /m ln u te .  Pulse -  good. Temperatu re 

Resp. Rate -  3 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing - o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  - no a d v e n t i t i o u s  sounds.

Other f i n d i n g s  - n i l .

Time in h o s p i t a l  -  7 days.

poor

102 .2°F

C L I N I C A L  DI AGNOSI S F a r m e r ' s  L u n g .



WHEN SEEN I L L

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMATION 

THIS COW

OTHER COWS

HAY

FARMER

CASE NO.  A 1 5

M a r c h , 1 9 7 5 .

A n o re x ia .  Hyperpnoea,  Frequent  cough ing .  

Temperatu re  < 1 0 3 ^ F .

Fa rm er 's  lu ng .

A n t i b i o t i c s .  Betamethasone. Good c l i n i c a l  response

No h i s t o r y  o f  any p re v iou s  d is e a s e .  Hyperpnoea and 

cough ing seen on Jan. 21 (A .W.) .

T o ta l  = 30. Occas iona l  cough ing .  One p re v iou s  case 

o f  pneumonia in a housed a d u l t  (case A l l ) .

Very d u s ty .

Fa rm er 's  lung d iagnosed in 197?-.

CLINICAL EXAMINATION ON ADMISSION -  19 MARCH, 1975.

Age -  11 y e a r s .  Breed -  S h o r th o r n .  C o n d i t i o n  -  ve ry  poor

Demeanour -  b r i g h t .

Heart  Rate -  9 0 /m in u te .  Pu lse  -  good.  Temperature  -  101 .7^F.  

Resp. Rate -  AO/m inu te .  Moderate hyperpnoea.

Coughing -  o c c a s i o n a l , h a r s h ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

O ther  f i n d ! n g s  n i l .

Time in h o s p i t a l  -  2 days.

C L I N I C A L  DI AGNOSI S -  F a r m e r ' s  L u n g .

6



CASE NO.  A l  6

WHEN SEEN I LL

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

A p r i l , 1 9 7 5 .

A n o r e x ia .  Dyspnoea (m o u th - b r e a th i n g ) .  Seen t o  be 

cough ing and l o s i n g  w e ig h t  f o r  severa l  weeks b e fo re  

acu te  ep isod e .  Temperatu re <  103°F.

F a rm er 's  lung ?

A n t i b i o t i c s ,  Betamethasone. Poor c l i n i c a l  response,

OTHER INFORMAT I ON 

THIS COW 

OTHER COWS

HAY

FARMER

Bought in  O c to b e r ,  1974.

T o ta l  = 34. No cough ing but  now go ing  o u t s i d e .  

No p re v io u s  cases o f  pneumonia in  housed a d u l t s .  

Very d u s ty .

Cat t l eman is  u n a f f e c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION 15 APRIL,  1975.

Age -  5 y e a rs .  Breed -  Aberdeen Angus c r o s s .  C o n d i t i o n  -  poor.

Demeanour -  s l i g h t l y  d u l l .

Hear t  r a t e  - 1 00 /m in u te .  P a n - s y s t o l i c  murmur lo u d e s t  on r i g h t  s id e .

E n la rged ,  p u l s a t i n g  j u g u l a r  and mammary v e i n s .  P a lpab le  

l i v e r .  B r i s k e t  oedema. Pulse - poor.  Temperature -  iCl.z'^F. 

Resp. Rate -  3 0 /m in u te .  Gross hyperpnoea -  r o c k in g .

Cqughing -  f r e q u e n t ,  n o n - p r o d u c t i v e ,  harsh .  -

A u s c u l t a t i o n  -  L e f t ,  c r a c k l e s  w id esp rea d ,  rhonchî  o cca s io n a l  A /V .

R i g h t ,  c r a c k le s  A /V ,  rhonch l  o ccas ion a l  A/V.

Other f i n d i n g s  -  resen ted  p e r c u s s io n .  D ia r rh o e a ,

Time in  h o s p i t a l  -  2 days.

C L I N I C A L  DI AGNOSI S -  C o n g e s t i v e  C a r d i a c  F a i l u r e "  f r o m  E n d o c a r d i t i s

w i t h  p u l m o n a r y  t h r o m b o - e m b o l i s m .



CASE NO. A ] 7

WHEN SEEN ILL March,  1975.

CLINICAL SIGNS A n o r e x ia .  Dyspnoea. Coughing.  Temperature  -  lOA^F,

Had a more severe acu te  ep isode  3 weeks p r i o r  to

t h i s  one.  A bo r ted  a f t e r  t r e a tm e n t .

V.S.  DIAGNOSIS Fa rm er 's  lung .

TREATMENT A n t i b i o t i c s .  Betamethasone. Good c l i n i c a l  response,

OTHER INFORMAT I ON 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d isease .

TOTAL -  50.. Frequent  cough ing .  Has had severa l  

cases o f  pneumonia in housed a d u l t s .  One o r  two 

cows c a l v e  " e a r l y "  each yea r .

Very d u s t y .  Worst  fed  to  the  h e i f e r s .

U n a f fe c te d  by mouldy hay dus t  but  mother who he lps  

in byre  has had a "bad c h e s t "  f o r  yea rs .

CLINICAL EXAMINATION ON ADMISSION - 15 APRIL,  1975.

Age -  2 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n

Demeanour - b r i g h t .

Heart  Rate - 7 0 /m in u te .  Pulse -  good. Temperatu re 

Resp. Rate -  3 0 /m în u te .  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  h a rsh ,  n o n - p r o d u c t i v e .  

A u s c u l t a t i o n  -  L e f t ,  c r a c k l e s  A /V ,  rhonch i  A/V.

R i g h t ,  rhonch i  A /V .

O the r  f i n d i n g s  -  n i l .

Time in h o s p i t a l  -  2 days,

C L I N I C A L  DI AGNOSI S -  B a c t e r i a l  P n e u m o n i a .

fa i r

102°F

83



CASE NO.  A l  8

WHEN SEEN I L L  A p r i l ,  1 9 7 5 .

CLINICAL SIGNS A n o r e x ia .  Coughing.  Hyperpnoea,

V.S.  DIAGNOSIS F a rm e r ' s  lu n g .

TREATMENT A n t i b i o t i c s .  Betamethasone.  Good c l i n i c a l  response.

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p re v io u s  d ise ase .

OTHER COWS T o ta l  ~ 4 0 . Not  cough in g .  F i r s t  case o f  pneumonia

in  housed a d u l t  f o r  many y e a rs .

HAY Dusty .

FARMER He wheezes when works  w i t h  mouldy hay.

CLINICAL EXAMINATION ON ADMISSION - 8 MAY, 1975.

Age "  3 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n  - f a i r .

Demeanour -  b r i g h t .

Hear t  Rate -  7 0 /m in u te .  Pulse  -  good.  Temperature  -  102°F.

Resp, Rate -  5 0 /m in u te .  Moderate  hyperpnoea.

Coughing -  o c c a s i o n a l ,  s h o r t  paroxysms, n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  L e f t ,  loud c r a c k l e s  A /V .

R i g h t ,  loud  c r a c k l e s  A /V ,  rhonch i  o ccas io n a l  A /V.  

Other f i n d ! n g s  -  n i l .

Time In h o s p i t a l  -  7 days .

C L I N I C A L  DI AGNOSI S -  F a r m e r ' s  L u n g / B a c t e r i a l  P n e u m o n i a ?



WHEN SEEN I L L

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

CASE NO. 0 1

Ma r c h , 1969 .

Coughing.  Hyperpnoea. Tachypnoea 

S l i g h t l y  d u l l .  Poor m i l k  y i e l d .  

None made.

None g iv e n .

Weight  lo ss

OTHER INFORMATION

THIS COW

OTHER COWS

MAY

FARMER

No h i s t o r y  o f  any p re v io u s  d is e a s e .  One o f  f i r s t  

cows t o  deve lo p  r e s p i r a t o r y  s ig n s .

T o ta l  « 90. Frequent  cough ing.  In p re v iou s  years  

se vera l  cows have developed a cu te  pneumonia w h i l s t  

Indoors  (Chapter  S e c t io n  1, Herd 1 ) .

Very d us ty  f o r  severa l  yea rs .

F a rm e r 's  lung  d iagnosed  in e a r l y  1969.

CLINICAL EXAMINATION ON ADMISSION 15 DECEMBER, 1969.

Age “  11 y e a r s .  Breed -  A y r s h i r e .  C o n d i t i o n

Demeanour -  b r i g h t .

Heart  r a t e  -  7 0 /m in u te .  Pulse  - good. Temperature 

Resp. r a t e  - 2 0 /m in u te ,  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e ,  harsh .  

A u s c u l t a t i o n  -  r i g h t ,  c r a c k l e s  A /V ,

Other f i n d i n g s  n i l .

Time in h o s p i t a l  -  7 months.

f a i r

1 0 2 .1°F

C L I N I C A L  DI AGNOSI S O v e r e a t i n g .  C h r o n i c  f a r m e r ' s  l u n g



CASE NO, C2

WHEN SEEN I L L

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

A p r !  Î , I 9 / 1 .

Coughing.  Hyperpnoea,  Tachypnoea,  Frequent  

cough ing  and e x e r c i s e  i n t o l e r a n c e  d u r in g  the  summer 

B r i s k e t  oedema seen in .O c to b e r .

Cor pu lmona le .

None g iv e n .

OTHER INFORMATION 

THIS COW 

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d ise ase .  

T o ta l  ”  100. Occas iona l  cough ing ,  

o f  pneumonia in  housed a d u l t s .  

Mouldy f o r  l a s t  few y e a rs .

S u f f e r s  f rom hay f e v e r .

No re c e n t  cases

CLINICAL EXAMINATION ON ADMISSION 1 NOVEMBER, 1971.

Age " 10 y e a r s .  Breed - F r i e s i a n .  C o n d i t i o n  -  poor.

Demeanour - s l i g h t l y  d u l l .

H ea r t  r a t e  - 9 0 /m in u te .  Pulse -  poor volume. D is tended and p u l s 

a t i n g  j u g u l a r  and mammary v e in s .  P a lp a b le  l i v e r .

Marked b r i s k e t  oedema. D ia r rho e a .  Temperature  -  102.1^F 

Resp. r a t e  - 4 0 /m în u te .  Moderate hyperpnoea.

Coughing -  o c c a s i o n a l ,  ha rsh .

A u s c u l t a t i o n  - l e f t ,  c r a c k le s  A /V ,  rhonch i  w idespread .

r i g h t ,  rhonch i  A /V ,  no r e s p i r a t o r y  sounds a t  a l l  over  

d ia p h ra g m a t i c  a re a .

Other f i n d i n g s  -  e n la rg e d  l e f t  k id n e y .

Time in h o s p i t a l  -  8 days.

C L I N I C A L  DI AGNOSI S*  -  C o r  pu 1 r n o n a l e - d u e  t o  C h r o n i c  F a r m e r ’ s L u n g .

66



WHEN SEEN I LL

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMAT I 0 N 

THIS COW

OTHER COWS

HAY

FARMER

CASE NO. 03

J a n u a r y , 1 9 7 1 .

Coughing.  Hyperpnoea. Reduced a p p e t i t e ,  

y i e l d .  D u l l .  Weight  l o s s .  Temperature  

None made.

A n t i b i o t i c s .  Poor c l i n i c a l  response.

Poor m i l k  

103°F.

No h i s t o r y  o f  any p re v io u s  d is e a s e .  One o f  most 

s e v e r e l y  a f f e c t e d  cows.

T o ta l  -  54. Herd r e s p i r a t o r y  problem -  Chapter  2 ,  

Sect  ion 1, Herd 2.

Very mouldy f o r  l a s t  few y e a rs .

Fa rm e r 's  lung co n f i rm e d  in e a r l y  summer o f  1971 a t  

Glasgow Royal I n f i r m a r y .

CLINICAL EXAMINATION ON ADMISS ION - 2 7 APRIL,  1971.

Age “  6 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n  -  poor.

Demeanour -  b r i g h t .

Hea r t  r a t e  -  8 0 /m în u te .  Pulse  -  good. Temperature 1 0 2 '

Resp. r a t e  -  4 0 /m in u te .  Gross hyperpnoea.

Coughing - f r e q u e n t ,  p r o d u c t i v e  -  moderate amount o f  g re e n is h  

mucus.

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

Other f i n d i n g s  -  n i l .

Time in  h o s p i t a l  -  13 days ,

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g ,

67



WHEN SEEN I LL

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMATION

CASE NO.  C M

J a n u a r y ,  1 9 7 K

Cough ing.  Hyperpnoea. Reduced a p p e t i t e  

y i e l d .  D u l l .  Weigh t  l o s s .  Temperature 

None made.

A n t i b i o t i c s .  Poor c l i n i c a l  response.

Poor m i l k

1 0 3 ° F .

THIS COW 

OTHER COWS 

HAY

FARMER

No h i s t o r y  o f  any p re v iou s  d is e as e .  One o f  most 

s e v e r e l y  a f f e c t e d  cows.

T o ta l  ~ 54 . Herd r e s p i r a t o r y  problem -  Chapte r  2 ,  

Sect  i on 1, Herd 2.

Very mouldy f o r  l a s t  few ye a rs .

F a rm e r ’ s lung co n f i rm e d  in e a r l y  summer o f  1971 a t  

Glasgow Royal I n f i r m a r y .

CLINICAL EXAMINATION ON ADMISSION - 27 APRIL, 1971.

Age -  6 y e a r s .  Breed -  F r i e s i a n ,  C o n d i t i o n  -  ve ry  poo r.

Demeanour -  b r i g h t .

Heart  r a t e  - 6 0 /m in u te .  Pulse -  good. Temperature -  lO l . 9 ^ F

Resp. r a t e  - 5 0 /m in u te ,  Gross hyperpnoea.

Coughing -  f r e q u e n t ,  p r o d u c t i v e  -  smal l  amount o f  g re e n is h  mucus. 

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

O ther  f i n d i n g s  -  n i l .

Time in  h o s p i t a l  -  20 days .

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g ,

8



WHEN SEEN I LL

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMATION

CASE NO.  05

J a n u a r y ,  1 9 7 1 .

Coughing.  Tachypnoea.  Reduced a p p e t i t e  

y i e l d .  D u l l ,  We igh t  l o s s .  Temperatu re 

None made.

A n t i b i o t i c s .  Poor c l i n i c a l  response.

Poo r m i l k  

i03^F .

THIS COW 

OTHER COWS 

HAY

FARMER

No h i s t o r y  o f  any p re v iou s  d is e a s e .  One o f  most 

s e v e r e l y  a f f e c t e d  cows.

T o ta l  = 54 . Herd r e s p i r a t o r y  problem -  Chapter  2» 

Sect  i on 1, Herd 2.

Very mouldy f o r  l a s t  few ye a rs .

F a rm e r 's  lung  co n f i rm e d  in e a r l y  summer o f  1971 a t  

Glasgow Royal I n f i r m a r y .

CLINICAL EXAMINATION ON ADMISSION -  17 JUNE, 1971.

Age - 6 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n  - poor.

Demeanour - b r i g h t .

Heart  r a t e  -  7 0 /m inu te .  Pulse -  good. Temperature  - 101 ,2^F.

Resp. r a t e  - 3 0 /m in u te .  Gross hyperpnoea.

Coughing -  o c c a s i o n a l ,  p r o d u c t i v e  - small  amount o f  g re en ish  mucus 

A u s c u l t a t i o n  - l e f t ,  c r a c k l e s  A /V .

-  r i g h t ,  c r a c k l e s  A /V .

Other f i n d i n g s  - n i l .

Time in h o s p i t a l  -  3 weeks,

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s .  L u n g .

6§



WHEN SEEN I LL

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMAT I ON 

THIS COW 

OTHER COWS

HAY

FARMER

CASE NO.  C6

F e b r u a r y ,  1 9 7 4 .

Coughing.  Hyperpnoea. Reduced m i l k  y i e l d .  Had 

se vera l  " h y p e r p n o e i c "  episodes around Xmas, 1974, but  

no t  i l l  enough f o r  V.S,. t o  be c a l l e d .

F a rm er 's  lung ?

None g i v e n .

A bo r ted  in e a r l y  December, 1974.

T o ta l  "  110. F requen t  cough ing .  Occasiona l  cases o f  

pneumonia in  housed a d u l t s .  In Nov . /D ec .  1974 6 cows 

a b o r t e d ,  p ro b a b ly  m y c o t i c  a b o r t i o n .  Not b r u c e l l o s i s .  

Very m o u ldy ,

He has a "weak" ch es t  and a vo id s  d u s t .

CLINICAL EXAMINATION ON ADMISSION -  18 FEBRUARY, 1974.

Age -  6 y e a rs .  Breed - F r i e s i a n .  C o n d i t i o n  -  f a i r .

Demeanour -  b r i g h t .

Heart  r a t e  - lOO/mînu te .  i r r e g u l a r l y  i r r e g u l a r .  Pulse  d e f i c i t  

S y s t o l i c  murmur on l e f t .  Temperature  -  1 00 .5°F.  

Resp. r a t e  -  4 o /m in u te .  S l i g h t  hyperpnoea.

Coughing - f r e q u e n t ,  s h o r t  paroxysms, n o n - p r o d u c t i v e .  

A u s c u l t a t i o n  ~ l e f t ,  c r a c k le s  A /V .

r i g h t ,  v e ry  harsh r e s p i r a t i o n s .

O ther f i n d i n g s  -  Nervous cow. Resented t h o r a c i c  p e r c u s s io n .  

Time in h o s p i t a l  -  10 days.

C L I N I C A L  DI AGNOSI S -  E n d o c a r d i t i s ?  F a r m e r ' s  L u n g ?



CASE NO. C7

WHEN SEEN ILL 

CLINICAL SIGNS 

V.S.  DIAGNOSIS 

TREATMENT

OTHER INFORMAT I ON 

THIS COW

OTHER COWS

HAY

FARMER

N o v e m b e r ,  1 9 7 1 .

Hyperpnoea.

No consul  t a t  ion .

None g i v e n .

[

No h i s t o r y  o f  any p re v iou s  d isease .  Seen t o  be

abnormal d u r i n g  s e r o l o g i c a l  su rvey .  Bought  when •

c u l l e d .

T o ta l  = 90. Frequent  cough ing .  Several  were

h yp e rp n o e ic .  No re ce n t  cases o f  pneumonia in housed 

a d u l t s .

Very d u s ty .

Fa rm e r ’ s lung c o n f i rm ed  about  1965.

CLINICAL EXAMINATION ON ADMISSION 31 DECEMBER, 1971.

Age “  7 ye a rs .  Breed -  A y r s h i r e .  C o n d i t i o n  - good.

Demeanour -  B r i g h t .

Heart  r a t e  -  8 0 /m in u te .  Pulse - Good. Temperature  - 101

Resp. r a t e  -  4 0 /m in u te .  Moderate hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

Time In h o s p i t a l  - 3 months.

. 1°F

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ’ s L u n g

71.



CASE NO.  C(3

WHEN SEEN I L L

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

D e c e m b e r ,  1 9 7 2 .

Coughing.  Hyperpnoea.  Tachypnoea.  R e s p i r a to r y  

s ig n s  became worse d u r in g  the  f o l l o w i n g  month.  

Fa rm er 's  lung?

None g iv e n .

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p re v io u s  d ise ase .

OTHER COWS T o ta l  = 35. Occas iona l  cough ing.  No re c e n t  cases

o f  pneumonia in housed a d u l t s .

HAY Very d u s ty .

FARMER U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION -__ 11 JANUARY, 1972. ■

Age “ 8 y e a r s .  Breed -  Ga l loway.  C o n d i t i o n  -  f a i r .

Demeanour -  b r i g h t .

Heart  r a t e  - 9 0 /m inu te .  Pulse -  good. Temperature  -  102 .2°F.

Resp. r a t e  -  5 0 /m in u te .  Gross hyperpnoea -  o c c a s i o n a l l y  dyspnoe ic  

Coughing -  f r e q u e n t ,  h a rsh ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  - l e f t ,  w idespread  rhonch i  e s p e c i a l l y  A /V .

r i g h t ,  w idespread rhonch i  e s p e c i a l l y  A /V .

Other f i n d i n g s  -  n i l .

Time in h o s p i t a l  -  17 days .

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g ,

? 2



WHEN SEEN ILL 

CLINICAL SIGNS 

V.S.  DIAGNOSIS 

TREATMENT

OTHER INFORMAT I ON 

THIS COW

OTHER COWS

HAY

FARMER

CASE NO. C 9

M a y ,  1 9 7 2 .

Coughing,  Hyperpnoea, Tachypnoea.

No consul  t a t  I on.

None g i v e n .

[

No h i s t o r y  o f  any p re v io u s  d is e a s e .  Seen t o  be

abnormal d u r i n g  s e r o l o g i c a l  su rvey .  Bought  when

c u l l e d .  Dur ing  the  summer, she la y  down as soon as 

she en te re d  the  byre  t o  be m i l k e d .

T o ta l  = 90. Frequent  cough ing .  Several  were 

h y p e rp n o e ic .  No re ce n t  cases o f  pneumonia in  housed 

a d u l t s .

Very d u s ty .

F a rm er 's  lung  co n f i rm e d  about  1965.

CLINICAL EXAMINATION ON ADMISSION -  16 OCTOBER, 1972.

Age “  6 y e a r s .  Breed -  A y r s h i r e .  C o n d i t i o n  -  poor.

Demeanour -  b r i g h t .

Hear t  r a t e  -  8 o /m in u te .  Pulse -  good. Temperature

Resp. r a t e  -  4 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing - o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  A /V ,  rhonch i  w id espread .

r i g h t ,  c r a c k l e s  A /V ,  rhonch i  w idespread .  

Other f  Î ndi ngs -  n i l .

Time in h o s p i t a l  - 6 weeks.

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g / D , F . A ,

73

101.9 F



CASE NO.  CIO

WHEN SEEN ILL 

CLINICAL SIGNS 

V.S.  DIAGNOSIS 

TREATMENT

M a y ,  1 9 7 2 .

Cough ing.  Hyperpnoea 

No c o n s u l t a t i o n .

None g iv e n .

OTHER INFORMATION

THIS COW

OTHER COWS 

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d ise a se .  Seen to  be

abnormal d u r i n g  s e r o l o g i c a l  su rve y .  Bought when

c u l l e d .

T o ta l  = 90. Frequent  cough ing .  Several  were h y p e r 

p no e ic .  No re ce n t  case o f  pneumonia in  housed a d u l t s  

Very d u s t y .

F a rm e r 's  lung  co n f i rm e d  about  1965.

CLINICAL EXAMINATION ON ADMISSION 16 OCTOBER, 1972.

Age -  10 y e a r s .  Breed -  A y r s h i r e .  C o n d i t i o n

Demeanour -  b r i g h t .

Heart  r a t e  -  7 0 /m inu te .  Pulse -  good. Temperatu re

Resp. r a t e  - 2 5 / m i n u t e . ,  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  lung sounds.

Other f i n d i n g s  -  b i l a t e r a l  serous nasal  d i s c h a rg e .

Time in h o s p i t a l  -  2 weeks.

poor

1 0 2 . 1°F

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g ,

74



CASE NO.  O i l

WHEN SEEN ILL 

CLINICAL SIGNS 

V.S.  DIAGNOSIS 

TREATMENT

OTHER INFORMATION

M a y ,  1 9 7 2 .

Coughing. Hyperpnoea.  Tachypnoea.  Weight  loss  

No consul  t a t  i on 

None g i v e n .

THIS COW

OTHER COWS 

HAY

FARMER

Trea te d  f o r  m a s t i t i s  in January ,  1972. Seen to  be 

abnormal d u r i n g  s e r o l o g i c a l  su rvey .  Bought when 

c u l l e d .

T o ta l  = 30,  F requent  cough ing .  No recen t  cases 

o f  pneumonia in housed a d u l t s .

Dusty.

U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSON -  21 OCTOBER, 1972.

Age ~ 5 y e a rs .  Breed - F r i e s i a n .  C o n d i t i o n

Demeanour -  b r i g h t .

Heart  r a t e  -  8 0 /m in u te .  Pulse -  good. Temperature

Resp, r a t e  -  2 5 /m in u te .  Not h ype rpn oe ic .

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

Other f i n d i n g s  n i l .

Time in  h o s p i t a l  -  12 days.

good.

101.1°F

C L I N I C A L  DI AGNOSI S C h r o n i c  F a r m e r ' s  L u n g



WHEN SEEN ILL 

CLINICAL SIGNS 

V.S.  DIAGNOSIS 

TREATMENT

OTHER INFORMATION

CASE NO. Cl  2

J u n e ,  1972.

Coughing.  Tachypnoea.  

Fa r m e r ' s * 1ung?

None g i v e n .

Exerc i  se i n t o le r a n c e

THIS COW

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v iou s  d is e as e .  Farmer not  

w o r r i e d  by her  becoming dyspnoe ic  and m o u th -b re a th in g  

on be ing  moved because she always recovered .

T o ta l  -  2 5 . No cough ing .  No re c e n t  cases o f  

pneumonia in housed a d u l t s .

Dusty .

U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION -__2 NOVEMBER, 1972.

Age -  8 y e a r s .  Breed -  Aberdeen Angus c r o s s .  C o n d i t i o n

poor .  Demeanour -  b r i g h t .

Hea r t  rate. -  8 0 /m in u te ,  Pulse -  good. Temperature  -  1 0 1 .7^F

Resp. r a t e  -  5 0 /m in u te .  Moderate hyperpnoea.

Coughing -  f r e q u e n t  paroxysms, n o n - p r o d u c t i v e ,  ha rsh .

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  A /V ,  rhonch i  w id espread ,

-  r i g h t ,  c r a c k le s  A /V ,  rhonchi  A /V .

Other f i n d i n g s  n i l .

Time in  h o s p i t a l  - 4 weeks.

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g / D . F „ A ,



WHEN SEEN I LL

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMAT I ON 

THIS COW

OTHER COWS

HAY 

FARMER

CASE NO.  Cl  3

F e b r u a r y , 1 971 .

Coughing.  Hyperpnoea. Reduced a p p e t i t e .  Poor 

m i l k  y i e l ‘d. D u l l .  Weight  l o s s .  Temperatu re  

-  102'^F.

None made.

None g i v e n .

L
No h i s t o r y  o f  any p re v io u s  d is e as e .  Bought when 

c u l l e d .

T o ta l  ~ 54. Herd r e s p i r a t o r y  problem -  Chapter  2 , 

Sect  i on 1 , Herd 2 .

Very mouldy f o r  l a s t  few ye ars .

Farmer 's  lung  c o n f i rm ed  In e a r l y  summer o f  1971 a t  

Glasgow Royal I n f i r m a r y .

CLINICAL EXAMINATION ON ADMISSION -  27 NOVEMBER, 1972.

ve ry  poorAge “  7 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n

Demeanour -  b r i g h t .

Hea r t  r a t e  -  7 0 /m inu te .  Pulse  - good. Temperatu re -  101.9^F

Resp. r a te  -  5 0 /m in u te .  Moderate hyperpnoea.

Coughing -  f r e q u e n t ,  n o n - p r o d u c t i v e ,  harsh.

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  and rhonch i  A /V.

r i g h t ,  c r a c k l e s  and rhonch i  A /V .

O ther  f i n d i n g s  -  b i l a t e r a l  serous  nasal  d i s c h a rg e .

Time in h o s p i t a l  -  3 weeks.

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g / D . F , A .



CASH NO.  Cl  4

WHEN SEEN I LL

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

F e b r u a r y ,  1 9 7 1 .

Coughing.  Hyperpnoea. Reduced a p p e t i t e .  Poor 

m i l k  y i e l d .  D u l l .  Weight  lo s s .  Temperature  - 101^F 

None made.

None g i v e n .

OTHER INFORMAT 1 ON 

THIS COW

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d ise a se .  Bought when 

c u l l e d .

T o ta l  = 54. Herd r e s p i r a t o r y  problem -  Chapter  2 ,  

S e c t i o n  1, Herd 2.

Very mouldy f o r  l a s t  few ye a rs .

Fa rm er 's  lung  co n f i rm e d  In e a r l y  summer o f  1971 a t  

Glasgow Royal I n f i r m a r y .

CLINICAL EXAMINATION ON ADMISSION -  27 NOVEMBER, 1972.

Age -  9 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n

Demeanour ■■ b r i g h t .

Hear t  r a t e  -  6 0 /m in u te .  Pulse -  good. Temperature  

Resp. r a t e  -  3 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e ,  harsh.  

A u s c u l t a t i o n  -  l e f t ,  rhonch i  A /V .

r i g h t ,  rhonch i  w id espread .

O ther f i n d i  ngs -  n i l .

Time in  h o s p i t a l  -  3 weeks.

ve ry  poor,

1 0 1 . 9 ° F

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g / D . F . A ,

" ' 8



WHEN SEEN ILL 

CLINICAL SIGNS 

V.S.  DIAGNOSIS 

TREATMENT

OTHER INFORMATION 

THIS COW

OTHER COWS 

HAY

FARMER

CASE NO.  Cl  5

A p r i l , 1971 .

Coughing.  Hyperpnoea. Tachypnoea.

No consul  t a t  i on.

None g i v e n .

I

T re a ted  f o r  pneumonia 6 years  ago but  has no t  

s u f f e r e d  any r e la p s e .  Seen t o  be abnormal d u r in g  

s e r o l o g i c a l  su rve y .  Bought when c u l l e d .

T o ta l  = 60.  Occas iona l  cough ing.  No re ce n t  cases 

o f  pneumonia in housed a d u l t s .

Very  d u s ty .

U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION - 29 NOVEMBER. 1972.

Age -  8 y e a r s .  Breed -  A y r s h i r e ,  C o n d i t i o n  ~ poor.

Demeanour -  b r i g h t .

Hear t  r a t e  -  7 0 /m in u te ,  Pulse  -  good. Temperature  -  101 .3°F

Resp. r a t e  -  5 0 /m in u te .  Gross hyperpnoea.

Coughing - f r e q u e n t ,  n o n - p r o d u c t i v e ,  harsh.

A u s c u l t a t i o n  - no a d v e n t i t i o u s  sounds,  harsh r e s p i r a t i o n s .

O the r  f i n d i n g s  - e n la rg e d  l e f t  k id n e y .

Time In h o s p i t a l  -  3 weeks.

C L I N I C A L  DI AGNOSI S C h r o n i c  F a r m e r ' s  L u n g ,

7S



CASE NO. Cl 6 

WHEN SEEN ILL November, 1972.

CLINICAL SIGNS Cough ing.  Hyperpnoea. Tachypnoea.  These s ign s

became worse a f t e r  she was housed.

V.S.  DIAGNOSIS Pneumonia.

TREATMENT A n t i b i o t i c s .  Poor c l i n i c a l  response.

OTHER INFORMATION

THIS COW " U n w e l l "  d u r i n g  1970-71 w i n t e r ,  but  no t  t r e a t e d

f o r  any s p e c i f i c  d isease .

OTHER COWS No i n f o r m a t i o n .

HAY Dusty.

FARMER S u f f e r s  f rom b r o n c h i t i s .

CLINICAL EXAMINATION ON ADMISSION - 11 DECEMBER, 1972.

Age "  4 y e a r s .  Breed -  Ga l loway.  C o n d i t i o n  -  f a i r .

Demeanour -  s l i g h t l y  d u l l .

Hear t  r a te  -  7 0 /m in u te .  Pulse -  good. Temperature  - 102°F

Resp. r a t e  -  7 0 /m in u te .  Moderate hyperpnoea.

Coughing -  f r e q u e n t ,  n o n - p r o d u c t i v e ,  s o f t .

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  and rhonch i  A /V .

r i g h t ,  c r a c k le s  and rhonch i  A /V .

Other  f i n d i n g s  -  n i l .

Time in  h o s p i t a l  -  9 days .

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g / D . F . A ,



WHEN SEEN ILL 

CLINICAL SIGNS 

V.S.  DIAGNOSIS 

TREATMENT

OTHER INFORMAT I ON 

THIS COW

OTHER COWS 

HAY

FARMER

CASE NO. Cl  7

M a y ,  1 9 7 3 .

Coughing.  Hyperpnoea.

F a rm er 's  lu ng .

None g iv e n ,

I

T rea te d  severa l  t im es  f o r  i n s i d i o u s  onse t  r e s p i r a t o r y  

d ise ase  d u r i n g  the  p re v io u s  w i n t e r .

Not  a v a i l a b l e .

Very mouldy.

U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION 30 MAY, 1973.

Age ”  10 y e a r s .  Breed - S ho r tho rn  c ro s s .  C o n d i t i o n  -  poor

Demeanour- -  b r i g h t .

Heart  r a te  -  9 0 /m in u te ,  Pulse -  good. Temperature  - 1 02 .3°F.

Resp. r a t e  -  5 0 /m in u te .  Gross hyperpnoea.

Coughing -  f r e q u e n t ,  n o n - p r o d u c t i v e ,  harsh .

A u s c u l t a t i o n  - l e f t ,  c r a c k le s  and rhonch l  A/V.

r i g h t ,  c r a c k le s  and rhonch i  A /V.

O ther  i n d in g s  - n i l .

Time in h o s p i t a l  -  5 months.

C L I N I C A L  DI AGNOSI S ~ C h r o n i c  F a r m e r ' s  L u n g / D . F . A ,

0  A



WHEN SEEN ILL 

CLINICAL SIGNS 

V.S,  DIAGNOSIS 

TREATMENT

OTHER INFORMAT I ON 

THIS COW

OTHER COWS 

HAY

FARMER

CASE NO. C18

M a y ,  1 9 7 2 .

Coughing.  Hyperpnoea.

No consul  ta t i o n .

None g iv e n .

I

No h i s t o r y  o f  any p re v io u s  d is e a s e .  Seen t o  be

abnormal  d u r i n g  s e r o l o g i c a l  su rvey .  Bought when

c u l 1e d .

T o ta l  = 54. Herd r e s p i r a t o r y  problem -  Chapter  2 ,  

S e c t io n  1, Herd 2.

Very mouldy f o r  l a s t  few y e a rs .

Fa rm e r 's  lung co n f i rm e d  In e a r l y  summer o f  1971 a t  

Glasgow Royal I n f i r m a r y .

CLINICAL EXAMINATION ON ADMISSION -  19 JANUARY, 1974.

Age -  7 y e a r s .  Breed -  Je rse y .  C o n d i t i o n  -  poo r.

Demeanour -  b r i g h t .

Hea r t  r a t e  - 80/ m i n u t e .  Pu lse  -  good. Temperature  -  102 ,4^F

Resp. r a t e  -  60/ m i n u t e .  Gross hyperpnoea -  r o c k in g .

Coughing -  f r e q u e n t  paroxysms, n o n - p r o d u c t i v e ,  ha rsh .

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  w id espread .

r i g h t ,  c r a c k le s  w id espread .

Other f i n d i n g s  -  m a s t i t i s .

Time in  h o s p i t a l  -  4 weeks.

C L I N I C A L  DI AGNOSI S ** C h r o n i c  F a r m e r ' s  L u n g .



CASE NO.  C L9

WHEN SEEN ILL 

CLINICAL SIGNS 

V.S.  DIAGNOSIS 

TREATMENT

OTHER INFORMATION

M a r c h ,  1 9 7 4 .

Coughing.  Hyperpnoea 

Fa rm e r ' s 1 ung .

None g i v e n .

Tachypnoea.  S l i g h t l y  d u l l

THIS COW

OTHER COWS

HAY

FARMER

No h i s t o r y  o f  any p re v iou s  d ise a se .  S l i g h t  c l i n i c a l  

improvement Immed ia te ly  she was put  ou t  t o  g ra s s ,  then 

her c o n d i t i o n  d e t e r i o r a t e d .

T o ta l  “  33. Occas iona l  cough ing .  A no th e r  cow was 

s i m i l a r l y  a f f e c t e d  and she d ie d  5 J u l y .  A t  p o s t 

mortem she had p a te n t  husk and c h r o n i c  f a r m e r ' s  lu ng .  

No o th e r  re ce n t  cases o f  pneumonia in  housed a d u l t s .  

Very d u s ty .

U n a f fe c te d  by mouldy hay d u s t .

CLINICAL EXAMINATION ON ADMISSION 6 JULY, 1974.

1 0 1 , 7 ° F

Age “  8 y e a rs .  Breed - S ho r th o rn  c ro s s .  C o n d i t i o n  -  ve ry

poor.  Demeanour -  b r i g h t .

Heart  r a t e  - 7 0 /m in u te .  Pulse - good. Temperature 

Resp. r a t e  -  5 0 /m in u te .  Moderate hyperpnoea.

Coughing -  f r e q u e n t ,  paroxysms, n o n - p r o d u c t i v e ,  ha rsh .

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  and rhonch i  A /V .

r i g h t ,  c r a c k le s  A /V .

Other f i n d i n g s  - n i l .

Time in  h o s p i t a l  -  1 week.

C L I N I C A L  DI AGNOSI S C h r o n i c  F a r m e r ' s  L u n g / D . F . A ,

83



CASE NO. C2 0

WHEN SEEN I LL

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMATION

September,  1974. 

Frequent  cough ing,  

and rhoncb i .

No consul  t a t  ion .  

None g i v e n .

Hyperpnoea.  B i l a t e r a l  c r a c k le s

THIS COW

OTHER COWS 

HAY

FARMER

No h i s t o r y  o f  any p re v io u s  d is e a s e .  Farmer t h i n k s  

t h i s  cow " i s  go ing  the  same way as her  s t a l l - m a t e " ,  

Case A8.

T o ta l  ”  3 2 . F requent  cough ing in s p r i n g .  No re ce n t  

cases o f  pneumonia in  housed a d u l t s .

Mixed q u a l i t y .

W i fe  feeds cows 1 f a r m e r ’ s lung  d iagnosed in  1971.

CLINICAL EXAMINATION ON ADMISSION - 30 OCTOBER, 1974.

Age -  7 y e a r s .  Breed -  F r i e s i a n .  C o n d i t i o n  -  poor.

Demeanour -  b r i g h t .

Hear t  r a t e  -  8 0 /m in u te .  Pulse -  good. Temperature  - l 0 2 , l ' ^ F

Resp. r a t e  - 5 0 /m in u te .  Gross hyperpnoea -  r o c k in g .

Coughing -  f r e q u e n t ,  o c c a s i o n a l l y  p r o d u c t i v e - t h i c k  mucus, ha rsh .  

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  A /V .

r i g h t ,  c r a c k le s  A /V ,  rhonch i  w idespread .

Other f i n d i n g s  -  f r a c t u r e  and v e n t r a l  d isp lacem en t  o f  l e f t  t u b e r

coxae.

Time in h o s p i t a l  -  4 weeks.

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g  / D . F . A .

84



CASE NO.  C21

WHEN SEEN I L L

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

OTHER INFORMATION 

THIS COW

OTHER COWS

HAY

FARMER

N o v e m b e r ,  1 9 7 4 .

E xe rc ise  i n t o l e r a n c e ,  e .g .  dyspnoea,  when being 

housed.  Weight  l o s s .

Farmer ’ s lung? ;

None g iv e n .

!_

Not t r e a t e d  f o r  any p re v io u s  d is e a s e ,  but  she had l o s t  

w e ig h t  d u r i n g  1973-74 w i n t e r  and put  i t  on aga in  in 

the  summer. By November she had begun to  lo se  

w e ig h t  a g a in .

T o ta l  abou t  100. Others  in  same group (15) not  

cough ing  a t  p re s e n t .  Several  o f  the  o l d e r  cows a re  

t h i n .

Mixed q u a l i t y .

U n a f fe c te d  by mouldy hay d u s t ,  bu t  h i s  b r o t h e r  has 

had f a r m e r ' s  lung f o r  about  20 y e a rs .

CLINICAL EXAMINATION ON ADMISSION - 14 NOVEMBER, 1974.

Age -  10 y e a r s .  Breed -  Ga l loway,  C o n d i t i o n  -  v e ry  p o o r .

Demeanour - d u l 1.

Hear t  r a t e  -  10 0 /m in u te .  Pu lse  - poor volume. Ju g u la r  and mammary 

v e in s  d is te n d e d  but  not  p u l s a t i n g .  B r i s k e t  oedema, 

a s c i t e s  and p a lp a b le  l i v e r .  Heart  soundS; d i f f i c u l t  t o  

hear because o f  a d v e n t i t i o u s  lung sounds.  Temperature  - 

101.6 °F .

Resp. r a t e  -  4 0 /m in u te .  Moderate hyperpnoea.

8 5



CASE NO.  C2]  ( C o n t ’ d . )

Coughing -  not  heard .

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  and rhonch i  both w idespread .

r i g h t ,  c r a c k le s  and rhonch i  both w id espread .  

Other f i n d i n g s  -  p ro fu s e  d i a r r h o e a .  Pap i l loma on hard p a la te

CLINICAL DIAGNOSIS -  Cor pulmona le  r e s u l t i n g  f rom Chron ic

Fa rm e r ’ s Lung.



CASE NO.  022

WHEN SEEN I L L

C L I N I C A L  SIGNS

V.S. DIAGNOSIS 

TREATMENT

F e b r u a r y ,  1 9 7 5 .

Frequent  cough ing .  Hyperpnoea 

c a l v i n g  i n  Fe b rua ry .

Fa rm er 's  lu ng .

None g i v e n .

Weight  lo s s  s in c e

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p re v iou s  d ise ase .

OTHER COWS T o ta l  = 70. Herd r e s p i r a t o r y  problem

S e c t io n  1, Herd 

HAY Usual 1 y d u s t y .

FARMER Cat t leman i s  u n a f f e c t e d  by d us t .

CLINICAL EXAMINATION ON ADMISSION 1 MAY, 1975.

Chapter  2»

Age " 12 y e a rs .  Breed -  Je rse y ,  C o n d i t i o n

Demeanour -  b r i g h t .

Hear t  r a t e  -  5 0 /m in u te .  Pulse -  good. Temperatu re

Resp. r a t e  -  2 5 /m in u te .  Gross hyperpnoea.

Coughing - f r e q u e n t ,  n o n - p r o d u c t i v e ,  harsh.

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  A /V ,  rhonch i  A /V .

r i g h t ,  c r a c k le s  A /V ,  rhonchi  A/V.

Other f i n d i n g s  - n i l .

Time in  h o s p i t a l  -  6 days.

poor

1 0 1 . 3 ° F

C L I N I C A L  DI AGNOSI S -  C h r o n i c  F a r m e r ' s  L u n g / D . F . A ,



CASE MO,  C 2 3

WHEN SEEN ILL

CLINICAL SIGNS

V.S.  DIAGNOSIS 

TREATMENT

O c to b e r .

Frequent  cough in g ,  Hyperpnoea 

b i l a t e r a l  c r a c k l e s  and r h o n c h i .  

P a r a s i t i c  b r o n c h i t i s .

None g i v e n .

Widespread

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p re v ious  d is e as e .

OTHER COWS T o ta l  -  70. Herd r e s p i r a t o r y  problem

Sect  i on 1, Herd 4.

HAY U s u a l l y  d u s t y .

FARMER Cat t lem an  Is u n a f f e c t e d  by d u s t .

CLINICAL EXAMINATION ON ADMISSION 5 DECEMBER, 1974,

Chapter  2 ,

Age -  10 y e a r s .  Breed -  Je rse y .  C o n d i t i o n  -  poo r.

Demeanour -  b r i g h t .

Heart  r a t e  - 6 5 /m in u te .  Pulse -  good. Temperature  

Resp. r a t e  -  4 0 /m in u te .  Moderate  hyperpnoea.

Coughing - f r e q u e n t  s h o r t  paroxysms, n o n - p r o d u c t i v e .  

A u s c u l t a t i o n  - l e f t ,  c r a c k l e s  A /V ,  rhonchi  A /V .

r i g h t ,  c r a c k le s  A /V ,  rhonch i  d o r s a l l y .

O ther f i n d i n g s  -  n i l .

Time in h o s p i t a l  -  7 days.

101.3°F

C L I N I C A L  D I A G N O S I S C h r o n i c  F a r m e r ' s  L u n g .



WHEN SEEN ILL 

CLINICAL SIGNS 

V.S,  DIAGNOSIS 

TREATMENT

OTHER INFORMATION

CASE NO.  C2 4

O c to b e r .

Frequent  cough ing .  Hyperpnoea 

P a r a s i t i c  b r o n c h i t i s .

None g i v e n .

THIS COW No h i s t o r y  o f  any p re v io u s  d isease .

OTHER COWS T o ta l  = 70. Herd r e s p i r a t o r y  problem -  Chapte r  2 ,

Sect  i on 1, Herd 4.

HAY U s u a l l y  d u s ty .

FARMER Cat t leman is  u n a f f e c t e d  by d u s t .

CLINICAL EXAMINATION ON ADMISSION -  5 DECEMBER, 1974.

Age "  10 y e a rs .  Breed - Je rse y .  C o n d i t i o n  -  poor.

Demeanour -  b r i g h t .

Hear t  r a t e  - 8 o /m in u te .  Pulse - good. Temperature  - 107 .4^F.

Resp. r a t e  -  5 0 /m in u te .  S l i g h t  hyperpnoea.

Coughing -  not  hea rd .

A u s c u l t a t i o n  -  No a d v e n t i t i o u s  sounds heard.  Harsh r e s p i r a t i o n s .

Other f i n d i n g s  -  B i l a t e r a l  a r t h r i t i s  o f  h i p - j o i n t s .

Time in h o s p i t a l  -  7 days.

C L I N I C A L  D I A G N O S I S  -  C h r o n i c  F a r m e r ' s  L u n g .
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CASE NO.  C 2 5

WHEN SEEN I L L  N o v e m b e r ,  1 3 7 4 .

CLINICAL SIGNS Frequent  cough ing .

V.S.  DIAGNOSIS P a r a s i t i c  B r o n c h i t i s .

TREATMENT None g i v e n .

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p re v iou s  d isease .

OTHER COWS T o ta l  = 70. Herd r e s p i r a t o r y  problem - Chapter  2>

Sect  i on 1, Herd 4 .

HAY U s u a l l y  d u s ty .

FARMER Cat t leman  i s  u n a f f e c t e d  by d u s t .

CLINICAL EXAMINATION ON ADMISSION -  14 MARCH, 1975.

Age -  13 y e a r s .  Breed -  Je rse y .  C o n d i t i o n  -  poor.

Demeanour -  b r i g h t .

Hear t  r a te  -  8 0 /m in u te .  Pulse -  good. Temperature  - 101,5*^F

Resp. r a t e  -  4 0 /m in u te .  Moderate hyperpnoea.

Coughing -  o c c a s i o n a l ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  l e f t ,  c r a c k le s  w id e sp rea d .

r i g h t ,  c r a c k l e s  A /V ,  rhonch i  w idespread .

Other f i n d i n g s  - unab le  t o  see p r o p e r l y .

Time in  h o s p i t a l  -  4 days.

C L I N I C A L  D I A G N O S I S  -  C h r o n i c  F a r m e r ' s  L u n g / D , F . A ,



CASE MOo C 2 6

WHEN SEEN I L L  D e c e m b e r ,  1 9 7 4 .

CLINICAL SIGNS Frequen t  p r o d u c t i v e  cough ing .  Hyperpnoea.  Tachypnoea

V.S.  DIAGNOSIS F a r m e r ' s ' l u n g .

TREATMENT None g i v e n .

OTHER INFORMATION

THIS COW T re a te d  f o r  pneumonia w i t h i n  2 weeks o f  be ing  bought

3 years  ago.  Has coughed ever s in c e .  In summer, 

a f t e r  m i l k i n g ,  she la y  down as soon as she went  i n t o  

the  f i e l d .  F requen t  bouts o f  hyperpnoea d u r in g  the  

w i n t e r .

OTHER COWS T o ta l  -  24.  E ig h t  a re  cough ing a n d /o r  h y p e rp n oe lc .

No re c e n t  cases o f  pneumonia in housed a d u l t s ,

HAY Not d us ty  f o r  l a s t  2 ye a rs .

FARMER Had "bad c h e s t " f o r  5 ye a rs .  S i g n i f i c a n t  improvement

s in c e  she began s l e e p in g  w i t h  her  head towards the  

n o r t h ] J

CLINICAL EXAMINATION ON ADMISSION -  15 APRIL,  1975.

good.F r i e s i a n , Cond i t  ionAge -  7 y e a r s .  Breed

Demeanour - b r i g h t .

Heart  r a t e  -  8 o /m inu te ,  Pulse - good. Temperature 

Resp. r a t e  -  3 0 /m in u te .  Moderate  hyperpnoea.

Coughing -  h a rsh ,  f r e q u e n t ,  p r o d u c t i v e .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

Other f i  nd ings -  n i l .

Time in  h o s p i t a l  -  2 days.

1 0 3 . 2 ^ F .

C L I N I C A L  D I A G N O S I S  -  C h r o n i c  F a r m e r ' s  L u n g / D . F . A .
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CASE NO.  C 2 7

WHEN SEEN I L L

C L I N I C A L  S I G N S

V.S. DIAGNOSIS 

TREATMENT

M a r c h ,  1 3 7 5 .

Frequent  cough in g .  Hyperpnoea 

c a l v i n g  In  Feb rua ry .

F a rm er 's  lung .

None g iv e n .

Weight  lo ss  s in ce

OTHER INFORMATION

THIS COW No h i s t o r y  o f  any p re v io u s  d isease .

OTHER COWS T o ta l  = 70. Herd r e s p i r a t o r y  problem

Sect  i on 1, Herd 4.

HAY Usua11 y d u s t y .

FARMER Ca t t leman is  u n a f f e c t e d  by d u s t .

Chapter  2,

CLINICAL EXAMINATION ON ADMISSION 1 MAY, 1975.

Age “  10 y e a rs .  Breed -  Je rsey .  C o n d i t i o n

Demeanour -  b r i g h t .

Hear t  r a t e  - 8 0 /m inu te ,  Pulse -  good. Temperature 

Resp. r a t e  - 3 0 /m in u te .  Moderate hyperpnoea.

Coughing -  f r e q u e n t ,  h a rs h ,  n o n - p r o d u c t i v e .

A u s c u l t a t i o n  -  no a d v e n t i t i o u s  sounds.

O ther  f i n d i n g s  -  n i l .

Time in h o s p i t a l  -  6 days.

poor

1 0 2 . 1°F

C L I N I C A L  D I A G N O S I S C h r o n i c  F a r m e r ' s  L u n g .



CASE NUMBER
NORMAL
RANGEPARAMETER A1 A2 A3 A4 A5

HAEMATOLOGY 

P.C.V.  % 29.5 32 C . 26.5 29 25-35

H b .g . / lO O  m l . 9 .75 11,2 L 8 .35 10.7 10-14

R.B.C. 10^/mm^ 6 .0 9 6 .95 0 4 ,06 5 .16 6 -8

W.B.C. mm̂ 11 ,500 8,400 T 10,800 22,000 7 - 1 0 ^

N e u t r o p h i 1s % 48 .5 38.0 T 62 68.5 25-35

Lymphocytes  % 4 8 .5 61.0 E 37 31.5 60-70

Eos i noph i 1s % 3.0 1.0 D 1 0 0 -5

BIOCHEMISTRY 

Urea m.mol /1 3 .3 1.8 6 .8 3.3 4 .0 0 - 8 . 3

Sodium m.mol /1 140 142 - " -• 136-151

Potass ium m.mol /1 4 . 4 4 .2 - “ - 3 . 2 - 5 . 8

Chi o r  i de m .m o l / I 110 101 - - " 96-111

C a lc iu m  m .m o l / I 2 .0 2 .5 “ 2. 1 2 .5 2 . 3 - 3 . 1

Magnesium m.mol /1 0 .6 0 .8 " 1 .1 0 .9 0 . 6 - 1 . 4

1 n o rg ,  PO^ rn .mo l / I 1 .9 2.1 1.2 1.5 1 .7 1 . 1 - 2 . 8

B i l i r u b i n  u . m o l / I 1.7 ~ 3.4 17.0 1 .5 0 - 8 . 5

A i k .  phosphatase  l . U . 36 - 64 21 70 0-100

- S .G.O.T .  l .U . 65 - 74 113 198 0-100

S .G .P .T .  l . U . 9 — 15 5 27 0-50

T o t a l  P r o t e i n  g/1 92 83 32 102 81 50-90

A lb um in  g/1 28 38 24 48 22 25-40

G l o b u l i n  g/1 64 45 68 54 59 25-50

OTHER TESTS 

U r i n e  P r o t e i n  g/1 0 - 0 .5

D. v i v i parus l a r v a e 0 0 0 0 0 N e g a t i v c

S t r o n g y l e  eggs - - - - 0 -500

Pp t .  t o  M. f a e n i + + N e g a t1ve

Plasma peps inogen l . U . - - 0 -1500

A c i d - f a s t  b a c t e r i a Mega t  i vc
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CASE NUMBER
1

NORMAL
RANGEPARAMETER A6 A7 AS A9 AlO

HAEMATOLOGY 

P .C.V. 7o 27.5 33 33 . 29 .5 32 25-35

H b .g . / lO O  ml . 9 .5 10.4 " - 10 " 14

R.B .C.  10^/mm^ 4.80 6 .5 4 - - 6 -8

W.B.C. mm̂ 7,300 9 ,400 6,300 15,400 8,000
4

7-10

N e u t r o p h i ] s % 65 .5 36.5 - 58 26 25-35

Lymphocytes % 32.5 62 - 38 41 60-70

Eos I n o p h i 1s % 2 1 .5 - 4 33 0 “ 5

BIOCHEMISTRY 

Urea m.mol/1 3.2 8 .3 4.0 2 .7 3 .8 0 - 8 . 3  1

Sodium m.mol /1 139 143 140 148 152 136-151 I

Potass 1 urn rn.mol / I 3 .8 3 .4 5.3 4 .2 4 .6 3 . 2 - 5 . 8

C h l o r i d e  m.mol /1 104 105 103 105 104 96-111

Ca lc ium  m .m o l / I 2 .5 2 .6 2 .5 2 .0 2 .4 2 .3 - 3 . 1

Magnesium m.mol /1 1 .0 0 .8 0 .8 0 .7 0 .7 0 . 6  " ! . 4-

1 n o rg ,  PÔ  ̂ m.mol/1 1 .3 1.6 1.3 0 . 9 2 ,7 1 . 1 - 2 . 8

B i l l r u b i  n u . m o l / I 3 .4 1.7 1.5 1 .4 1.7 0 - 8 . 5

A i k .  phospha tase  l . U . 50 57 71 85 50 0-100

S.G.O.T .  l . U . 43 103 114 32 90 0-100

S .G .P .T .  l . U . 34 25 34 23 43 0-50

T o ta l  P r o t e i n  g/1 87 100 69 88 86 50-90

A lb um in  g/1 27 29 31 29 21 2 5 “ 4o

G l o b u l i  n g/1 60 71 38 59 65 25-50

OTHER TESTS

U r i n e  P r o t e i n  g/1 0 .06 0.21 0 .06 0 .0 3 0.13 0 - 0 . 5

D. v i v i parus l a r v a e 0 0 0 0 0 Nega t  i v e

S t r o n g y l e  eggs - - - - 0 -500

P p t . t o  M. f a e n i ■i' 4- + + Nega t i ve

Plasma peps inogen l . U . - - - - 0 -1500

A c i d - f a s t  b a c t e r i a N e ga t I ve



Ci(\SE NUMf3ER
NORMAL

PARAMETER A l l Al 2 A13 A14 A15 RANGE

HAEMATOLOGY 

P . C.V.  % 28 26.5 31.5 . 30.5 23 25-35

H b .g . / lO O  m l . 8 .2 -■ 11.1 9 .7 7 .9 10-14

R .B .C.  lo S r im ^ 4 .7 4 — 6.69 5.95 4 .1 4 6 -8

W.B.C. mm̂ 7,800 7,600 7,100 13,200 7,800 7-1 0^

N e u t r o p h i 1s % 25 25 48 21 52 25-35

Lymphocytes % 71 75 44.5 48 40 60-70

Eos i noph i 1 s % 4 0 7.5 31 8 0 -5

BIOCHEMISTRY 

Urea m.mol/1 9 .3 1.1 3.2 3 .6 1 .2 0 - 8 . 3

Sodiurn m .m o l / I 144 136 140 137 140 136-151

Potass ium m.mol/1 5 .5 3 .9 4 .4 4 ,6 4 .5 3 . 2 - 5 . 8

C h l o r i d e  m.mol /1 105 100 92 100 94 96-111

Ca 1 c l  urn m.mol / I 2.1 2.1 2 .5 2 .5 2.2 2 .3 - 3 . 1

Magnesium m.mol /1 1 .4 0 .6 0 .6 0 .8 0 .5 0 . 6 - 1 . 4

1no rg ,  PO^ m.mol /1 2 .3 1 .3 1.8 1 .0 2 .5 1 . 1 - 2 . 8

B i l l r u b l n  u . m o l / I 1 .4 3 .0 3 .4 16.0 1 .0 0 - 8 . 5

A i k .  phospha tase  l . U . 85 71 50 66 160 0-100

S.G.O.T,  l .U . 211 74 58 81 66 0-1 00

S .G .P .T .  l . U . 23 17 14 25 34 0-50

T o ta l  P r o t e i n  g/1 68 95 98 84 83 50-90

A lb um in  g/1 20 17 26 24 21 25-40

G lo b u l i  n g/1 48 78 72 60 62 25-50

OTHER TESTS

U r i n e  P r o t e i n  g/1 - 0 .03 3.75 0 .06 - 0 - 0 .5
D. v i v i parus l a r v a e 0 0 0 0 0 N e g a t i v e

S t r o n g y l e  eggs - - - - ~ 0-500

P pt ,  t o  M. fa e n i 4- + + -f I + Nega t  i ve

Plasma pepsinogen l . U . - - '■ - 0 -1500

A c i d - f a s t  b a c t e r i a

_______

Negat i ve
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PARAMETER

CASE NUMBER
NORMAL
RANGEA16 A17 A18

HAEMATOLOGY

P .C.V.  7o 27 28 39.5 25-35

H b .g . / lO O  m l . - - - 10-14

R.B.C. lO^/mm^ - - 6 -8

W.B.C. mm̂ 11,000 6,100 7,100
4

7-10

N e u t r o p h i 1s % 63 47 40 25-35

Lymphocytes % 37 46 55 60-70

Eos i n o p h i 1s % 0 7 5 0 -5

BIOCHEMISTRY

Urea m.mol /1 3 .4 3 .5 3 .4 0 - 8 . 3

Sod i urn m .m o l / I 142 147 142 136-151

Potassium m.mol/1 4 .6 4 .5 3 .8 3 . 2 - 5 . 8

C h l o r i d e  m.mol /1 103 93 87 96-111

Ca lc ium m.mol/1 2 .3 2 .3 2 .3 2 ,3 - 3 . 1

Magnesium m.mol /1 0 . 4 0 .8 0 .5 0 . 6 - 1 . 4

1norg ,  PO^ m.mol/1 1.3 2 .6 1.8 1 . 1 - 2 . 8

B i l i r u b i n  u . m o l / I 4 .0 2 .0 13.0 0 - 8 . 5

A i k .  phosphatase  l . U . 149 59 93 0-100

S.G.O.T .  l .U . 188 68 251 0-100

S .G .P .T .  l . U . 77 20 33 0-50

T o ta l  P r o t e i n  g/1 82 89 84 50-90

A1bum Î n g/1 17 22 22 25-40

G lo b u l i  n g/1 65 67 62 25-50

OTHER TESTS

U r i n e  P r o t e i n  g/1 0 .2 9 0.07 0 .20 0 - 0 .5

D. v i v i parus l a r v a e 0 0 0 Nega t  i ve

S t r o n g y l e  eggs 0 - - 0 -500

Ppt .  t o  M. f a e n i 4- 4- Nega t  i ve

Plasma pepsinogen l . U . 654 - - 0-1500

A c i d - f a s t  b a c t e r i a 0 - Negat  i ve



CASE NUMBER
NORMAL
RANGEPARA.METER Cl C2 C3 C4 C5

HAEMATOLOGY

P.C.V.  % 34 34.5 24 25.5 30.5 25-35

H b . g . / l 00 m l . 

R.B.C .  ]0^/ \m?  

W.B.C.  mm̂

11.5

5 .6 ;

5,900

11.7

6 .94  

11 ,600

8.0

5.02

6,200

8 .4

4 .87

7,000

10.5

6.73

9,000

10-14

6 -8
4

7-10

Neu troph  î 1 s % 29.5 62.5 59 41 .5 42 .5 25-35

Lymphocytes % 55.5 37.5 33.5 47 .5 51 60-70

Eos i noph11 s % 15 - 7.5 11 6 .5 0 -5

BIOCHEMISTRY

Urea m.mol/1 14.0 9.0 2 .8 2 .8 5 .4 0 - 8 , 3

Sod î urn m.mol /1 133 142 148 148 142 136-151

Potassium m.mol /1 3 .4 4 .0 4 .2 4 .3 4 .0 3 . 2 - 5 . 8

C h lo r i d e  m.mol /1 98 100 101 99 101 96-111

Ca lc ium m.mol/1 _ 8 .6 ” “ 2 .4 2 .3 - 3 . 1

Magnésium m.mol /1 “ 0 . 6 *■ - 0 .9 0 . 6 - 1 , 4

Ino rg^  m.mol/1 -• 2 .2 2.1 2 .0 1.5 1 . 1 - 2 . 8

B i l l r u b i n  u . m o l / I 12 12 1.7 12 1.3 0 - 8 . 5

A l k .  phospha tase  l . U . 490 12 36 36 50 0-100

S.G.O.T.  l . U . 125 121 99 96 147 0-100

S .G .P .T .  l . U . 46 15 20 24 40 0-50

T o ta l  P r o t e i n  g / l 89 8.0 102 91 84 50-90

A lb um in  g / l 30 32 31 31 27 25-40

G1o b u 1 i n g / l 59 48 72 60 57 25-50

OTHER TESTS

U r in e  P r o t e i n  g / l - 7.0 - 0 ,2 0 - 0 . 5

D. v i v i p a r u s  l a r v a e 0 0 0 0 0 Negat  i ve

S t r o n g y l e  eggs - 0 - - 0-500

P p t .  t o  M. f a e n i + + + -i- N e g a t i v e

Plasma peps inogen l . U . - 1250 _ - 0 -1500

A c i d - f a s t  b a c t e r i a 0 Negat  î vc



CASE NUMBER
NORMAL
RANGEPARAMETER C6 C7 C8 C9 CIO

HAEMATOLOGY

P . C.V.  % . 29 .5 32.5 25 34 26 25-35

H b .g . / lO O  m l . 12.5 8.2 n - 10-14
A

R.B.C. lOVram^ - 6,61 5 .10 - 6 -8

7 - 1 0 ^W.B.C. 10,400 9,900 7,400 8,300 8,900

N e u t ro p h i  1 s % “ 4 4 .5 57 43 .5 60 25-35

. Lymphocytes % " 4 6 .5 40 51 .5 39.5 60-70

Eos 1nophi  1 5 % " 9 3 5 0.5 0 -5

BIOCHEMISTRY

Urea m.mol /1 5 .8 1.7 1 .8 6 .3 6 .6 0 - 8 - 3

Sodium m.mol/1 146 136 130 142 140 136-151

Potass ium m.mol/1 3 .6 4 .0 4 . 4 3 .8 3 .6 3 . 2 - 5 . 8

Chi o r  i de m .m o l / I 101 99 97 98 101 96-111

Ca lc iu m m.mol /1 3.1 2 .8 2 .3 2 .5 2 .5 2 .3 - 3 . 1

Magnesium m.mol /1 0 .5 0 .8 0 .4 0 .9 0 .9 0 . 6 - 1 . 4

1n o rg ,  PO^ m .m o l / I 2 .3 2 .0 1.1 2.1 2 .0 1 . 1 - 2 . 8

B i l i r u b i n  u . m o l / I 18.0 5.1 5.1 3 .4 3 .4 0 - 8 . 5

A l k .  phosphatase  l . U . 253 ' 28 36 57 50 0-100

. S.G.O.T .  l .U . 502 61 69 67 55 0-100

S .G .P .T .  L U . 17 29 14 31 32 0-50

T o ta l  P r o t e i n  g/1 97 100 90 97 84 50-90

A lb um in  g/1 13 42 21 23 24 . 25-40

G1o bu 1 Î n g/1 84 58 69 74 60 25-50

OTHER TESTS

U r i n e  P r o t e i n  g/1 - 0.05 0.24 0 .03 - 0 - 0 . 5

D, v i v i parus l a r v a e 0 0 0 0 0 Negat  i ve

S t r o n g y l e  eggs - - - - - 0-500

Ppt ,  t o  H. f a e n i 4- 4* 4- 4- N e g a t i v e

Plasma peps inogen l . U . - - - “ - 0 -1500

A c i d - f a s t  b a c t e r i a

-,-------- -

Nega 11veI



CASE NUMBER 1
NORMAL

PARAMETER Cl 1 Cl 2 C13 014 CI5 RANGE

HAEMATOLOGY

P .C.V.  % 38 34 30.5 25 34.5 25-35

H b .g . / lO O  m l . - 11.0 8 .5 - 10 "■ 14

R.B.C. 1O^/mm^ ■ 6.84 4 .8 4 - 6 -8

W.B.C. mm3 9,000 11,400 13,300 12,500 10,900
4

7-10

N e u t r o p h i 1s % 58 51.5 74 57 44 25-35

Lymphocytes % 41 .5 42 22 36.5 52.5 60-70

Eos i n o p h i 1s % 0 .5 0.5 4 6.5 3.5 0-5

BIOCHEMISTRY

Urea m.mol/1 3.0 2 .8 3 .7 3 .7 3.0 0 - 8 . 3

Sodium m.mol /1 146 144 146 144 146 136-151

Potass Î urn m .m o l / I 3 .9 3 .5 5 .6 4 .9 4 .2 3 . 2 - 5 . 8

C h l o r i d e  m.mol /1 101 92 102 100 96 96- 111

Ca lc ium  m.mol/1 2 .5 2.1 ■ 2 .6 2 .5 2 .6 2 .3 - 3 . 1

Magnesium m.mol /1 1 .0 0 .6 0 .7 0 .6 0 .9 0 . 6 - 1 . 4

i n o r g .  PÔ  ̂ m.mol /1 1 .9 1.7 1 .8 2 .4 1 .9 1 . 1 - 2 . 8

B l i t  r u b l n  u . m o l / I 3 .4 3.4 3 .4 3 .4 1 .7 0 - 8 . 5

A l k ,  phosphatase  l . U . 50 78 43 71 14 0-100

S.G.O.T .  l . U . 45 72 97 74 46 0-100

S .G .P .T .  l . U . 26 19 20 25 25 0"50

T o ta l  P r o t e i n  g/1 78 99 94 101 85 50-90

A lb um in  g/1 28 23 22 26 27 25-40

G l o b u l I n  g/1 50 76 72 75 58 25-50

OTHER TESTS

U r i n e  P r o t e i n  g/1 - 1.8 0 .07 0 .03 0.11 0 - 0 .5

D. v i v i parus l a r v a e 0 0 0 0 0 N e ga t Ive

S t r o n g y l e  eggs - - - - - 0-500

Ppt .  t o  M. f a e n i + -f 4- 4- 4- Negat  i ve

Plasma pepsinogen l . U . « - “ 0-1500

A c i d - f a s t  b a c t e r i a Negat: i ve



PARAMETER

CASE NUMBER
NORMAL
RANGEC16 Cl 7 CIS C19 C20

HAEMATOLOGY

P . C.V.  7o 34 25 30.5 29 35 25-35

H b .g . / lO O  m l . - 7 .6 9.1 « 10-14

R.B.C. lO^/mm^ 
3

•• 4.54 - 6.52 6 -8
4

W.B.C. mm 7,000 6,400 6,300 5,600 13,600 7-10

N e u t r o p h Î 1 s % 57.5 20 - 52 “ 25-35

Lymphocytes % 36.5 78 - 34 - 60-70

Eos i noph Î 1 s % 6.0 2 14 - 0 -5

BIOCHEMISTRY

Urea m.mol /1 2 .7 2 .0 4 .2 3 .8 4 .3 0 - 8 . 3

Sod i um m .m o l / I 147 143 136 142 146 136-151

Potass Ium m .m o l / I 3 .5 5.1 5 .5 4 .3 4 .3 3 . 2 - 5 .8

C h lo r  1 de m.mol /1 101 98 92 103 103 96-111

Ca lc ium  m.mol/1 2 .3 2 75 2 .5 2 .8 2 .3 2 .3 - 3 . 1

Magnes 1um m .m o l / I 0 . 6 0 . 6 0 .6 0 .7 0 .9 0 . 6 - 1 .4-

1no rg ,  PO^ m.mol /1 0 .9 1 .2 1.9 3 .0 3.2 1 . 1- 2 .8

B i l l r u b i n  u . m o l / I 12 1.7 5.1 3 .4 1.3 0 - 8 . 5

A l k .  phospha tase l . U . 21 50 43 43 64 0-100

. S .G.O.T .  l . U . 88 58 83 78 75 0-100

S.G .P .T .  l . U . 16 18 29 33 29 0-50

T o ta l  P r o t e i n  g/1 87 78 98 93 105 50-90

A lb um in  g/1 14 19 22 23 22 25-40

G l o b u l I n  g/1 73 59 76 70 83 25-50 "

OTHER TESTS

U r i n e  P r o t e i n  g/1 0 .05 0 .1 4 0 .6 9 0.20 0.88 0 - 0 .5

D. v i v i parus l a r v a e 0 0 0 0 0 Negat  i ve

S t r o n g y l e  eggs “ - -  « - 0 - 5 0 0 ;

P p t .  t o  M. f a e n i + + -Î- + 4- N e g a t i v e

Plasma peps inogen l . U . - - - 0-1500

A c i d - f a s t  b a c t e r i a N e ga t I ve

00



PARAME T ER

HAEMATOLOGY 

P.C.V.  % 

H b .g . / lO O  m l . 

R.B .C.  10^/mm^ 

W.B.C.

N e u t r o p h i 1s % 

Lymphocytes % 

Eos i noph i 1s %

BIOCHEMISTRY 

Urea m.mol/1 

Sod Ium m .m o l / I  

Potass 1um m .m o l / I  

C h l o r i d e  m.mol/1 

Ca lc ium  m .m o l / I  

Magnesium m.mol /1 

I no rg ,  PO^ rn.mol / I  

B i l l r u b l n  u . m o l / I  

A l k .  phosphatase  l . U ,

. S .G.O.T .  l .U .  

S .G .P .T .  l . U .

T o ta l  P r o t e i n  g/1 

A lb um in  g/1 

G l o b u l 1n g/1

OTHER TESTS 

U r i n e  P r o t e i n  g/1 

D. v i v i p a ru s l a r v a e  

S t r o n g y l e  eggs

P p t .  t o  M_j faen i

Plasma pepsinogen l .U  

A c i d - f a s t  b a c t e r i a

CASE NUMBER

C21

31

6,000

55

44

1

1.3

137

4 .3  

93

2 . 2  

0 .6  

2 . 1  

5.1

44

89

18

71

0 .42

0

0

+

883

0

C22

30

10.4

5.70

5,700

57

43

0

2 . 8

149

4.1

103

2 .4

0.6

0 .9

10 . 0

41

75

21

82

20

62

0 .7 7

C23

28.5

,000

56

43

1

2 . 8

141

4 .5

95

2.7  

0 .6  

1.9

1.7 

64 

83 

55 

82 

24 

58

1 . 1 2

0

C24

36.5

6 ,600 

53 

46 

1

2 .7  

141

4 .8  

108

2 .7  

0 .4  

1 . 0

6 . 8  

78

90 

19

91 

27 

64

0 .06

0

025

32

7,300 

62 

32 

'  6

2 .8

142

4 .2  

102 

2.5  

0 .8

1.3 

8.0

93

554

35

93

20

73

0 .04

0

NORMAL
RANGE

25-35

10-14 

6-8 

7-1 c/ 
25-35 

60-70 

0 -5

0 - 8 . 3

136-151

3 . 2 - 5 . 8  

96-111

2 .3 - 3 . 1  

0 . 6 - 1 . 4  

1 . 1- 2.8

0 - 8 . 5  

0-1 00 

0-100 

0-50 

50-90 

25-40 

25-50

0 - 0 .5

Nega t  i ve 

0 -500  

Nega t  i ve  

0 -1500

N e ga t Ive



CASE NUMBER
NORMAL
RANGEPARAMETER C26 C27

HAEMATOLOGY

P .C.V.  7o 30 26 25-35

H b . g . / l 00 m l . " 9.1 10-14

R.B.C. 10^/mm^ - 5 .15 6 -8

W.B.C. mm 3 7,100 3,00C 7-10^

N e u t r o p h i 1s % 26 46 25-35

Lymphocytes  % 56 52 60-70

Eos i n o p h i 1s % 18 2 0 -5

BIOCHEMISTRY

Urea m.mol/1 4.1 2 .4 0 - 8 . 3

Sodium m.mol/1 147 150 136-151

Potass ium m.mol/1 5.1 4 .8 3 . 2 - 5 . 8

C h l o r i d e  m.mol/1 95 106 96-111

Ca lc ium  m .m o l / I 2 .5 2 .5 2 .3 - 3 . 1

Magnesium m.mol /1 0 . 7 0 .6 0 . 6 - 1 . 4

1n o rg ,  PO^ m .m o l / I 1.9 1.1 1 . 1 - 2 . 8

B i 1 i r u b l n  u .m o l /1 1 .0 13.0 0 - 8 . 5

A l k .  phospha tase  l . U .  

. S .G.O.T.  l . U .

31

64

30

67

0 -1 CO 

0-100

S .G .P .T .  l . U . 22 23 0-50

T o t a l  P r o t e i n  g/1 110 96 50-90

A lb um in  g/1 2.4 19 25-40

G lo b u 1 i n g/1 86 77 25-50

OTHER TESTS

U r i n e  P r o t e i n  g/1 0.01 0 .2 7 0 - 0 .5

D. v i v i parus l a r v a e 0 0 Nega t  i ve

S t r o n g y l e  eggs - — 0-500

P p t .  t o  M. fa e n i + + Nega t' i ve

Plasma peps inogen l . U . - - 0-1500

A c i d - f a s t  b a c t e r i a N e g a t1vc
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A P P E N D I X TA B L E

T h e  r e l a t i o n s h i p  b e t w e e n  a n  a n i m a l ' s  a g e ,  t h e  m o n t h  r e s p i r a t o r y

d i s e a s e  w a s  f i r s t  n o t i c e d  a n d  t h e  f o r m  o f  d i s e a s e .

FORM OF 
DISEASE

AGE
(YEARS)

MONTH RESPIRATORY 

SEPT. -  DEC. JAN. -

SIGNS NOTICED 

MAR. APRIL -  JUNE

Acute <  6 1 5 5

Chron ic <  6 1 4 2

Acute >  6 3 3 1

Chron i c >  6 8 6 6

TOTAL 13 18 14

APPENDIX 1 -  TABLE :1

The r e l a t i o n s h i p between an a n i m a l ' s  age, the  system o f husbandry

and the  form o f  d is e as e .

ACUTE FORM CHRONIC FORM

AGE (YEARS) BEEF DAIRY BEEF DAIRY

<  6 3 8 1 6

>  6 3 4 6 14

TOTAL 6 12 7 20
%



A P P E N D I X  1 -  T A B L E  3

T h e  r e l a t i o n s h i p  b e t w e e n  a n  a n i m a l ' s  a g e ,  i t s  g e o g r a p h i c a l  o r i g i n

e n d  t h e  f o r m  o f  d i s e a s e .

AGE
SCOTLAND ENGLAND WESTMORLAND

(YEARS) ACUTE CHRONIC ACUTE ■ CHRONIC ACUTE CHRONIC

< 6

> 6

TOTAL 15 20 14 14

APPENDIX 1___-  TABLE 4

The r e l a t i o n s h i p  between an a n i m a l ' s  age,  the  f a r m e r ' s  r e a c t i o n  t o  

mouldy hay d us t  and the  form o f  d i s e as e .

AGE
(YEARS)

NO

ACUTE FORM

POSITIVE REACTION NO

CHRONIC FORM

POSITIVE REACTION

REACTION TOTAL F .L .  O.D. REACTION TOTAL F.L .  O.D.

< 6

> 6 11

TOTAL 10 12 15 11 4



APPENDIX 1 -  TABLE 5

The r e l a t i o n s h i p between the month r e s p i r a t o r y di sease was f i r s t

n o t i c e d ,  the  system o f  husbandry and the  form o f  d ise ase .

MONTH RESPIRATORY , 
SIGNS NOTICED

ACUTE

BEEF

FORM

DAIRY

CHRONIC FORM 

BEEF DAIRY

Sept.  -  Dec. 2 2 3 6

Jan.  “ March 1 6 1 9

A p r i l  ~ June 2 4 3 5

TOTAL 6 12 7 20

APPENDIX 1 - TABLE 6

The r e l a t i o n s h i p between the month r e s p i r a t o r y di sease was f i r s t

n o t i c e d ,  the  g eo g raph ica l  o r i g i n o f  the  animal and the  form o f  d isease

MONTH ACUTE FORM CHRONIC FORM 
RESPIRATORY

SIGNS NOTICED SCOTLAND ENGLAND W'MORLAND SCOTLAND ENGLAND-W‘ MORLANO

Sept .  -  Dec. 0 4 4 1 8 . 4

Jan.  -  March 2 6 6 2 8 6

A p r i l  -  June 1 5 4 4 4 4

TOTAL 3 15 14 7 20 14



A P P E N D I X  1 T AB L E  7

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  m o n t h  r e s p i r a t o r y  d i s e a s e  w a s  f i r s t

n o t i c e d ,  t h e  f a r m e r ' s  r e a c t i o n  t o  m o u l d y  h a y  d u s t  a n d  t h e  f o r m  o f

d I s e a s e .

ACUTE FORM

RESPIRATORY NO POSITIVE REACTION ^0
SIGNS NOTICED REACTION TOTAL F .L .  O.D. REACTION TOTAL F.L

CHRONIC FORM

POSITIVE REACTION 

O.D.

Sept .  -  Dec. 3 1 1 0 5 4 2 2

Jan.  “  March 2 6 3 3 3 7 6 1

A p r i l  -  June 3 3 1 2 4 4 3 1

TOTAL 8 10 5 5 12 15 11 4

APPENDIX 1 -  TABLE 8

The r e l a t i o n s h i p between the  geog raph ica l o r i g i n o f  the animal

the  f a r m e r ' s r e a c t  i on t o  mouldy hay dus t  and the  fornr1 o f  d i s e a s e .

ACUTE FORM CHRONIC FORA

GEOGRAPHICAL
ORIGIN

POSITIVE REACTION 

REACTION TOTAL F .L .  O.D. REACTION

POSITIVE REACTION 

TOTAL F .L .  O.D.

Sco t lan d 1 2 1 1 1 6 4 2

England 7 8 4 4 1 1 9 1 2

Westmor land 6 8 4 4 6 8 7 1

TOTAL 8 10 5 5 12 15 1 1 4



A P P E N D I X  1 -  T A B L E  9

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  s y s t e m  o f  h u s b a n d r y ,  t h e  f a r m e r ' s

r e a c t i o n  t o  m o u l d y  h a y  d u s t  a n d  t h e  f o r m  o f  d i s e a s e .

ACUTE FORM CHRONIC 1FORM

SYSTEM OF NO POSITIVE REACTION NO POSIT IVE REACTION

HUSBANDRY REACTION TOTAL F .L . O.D. REACTION TOTAL F .L .  O.D.

Beef* 2 4 2 2 5 2 0 ' 2

Da i ry 6 6 3 3 7 13 1 1 2

TOTAL 8 10 5 5 12 15 1 1 4

APPENDIX 1 -  TABLE 10

The r e l a t i o n s h i p between the  system o f husbandry ,  the geograph i c a 1

o r i g i n  o f the  animal and the  form o f d i sease.

ACUTE FORM CHRONIC FORM

HUSBANDRY SCOTLAND ENGLAND WESTMORLAND SCOTLAND ENGLAND WESTMORLAND

Beef 1 5 4 1 6 6

Da i ry 2 10 10 6 14 8

TOTAL 3 15 14 7 20 14



A P P E N D I X  1 T A B L E  1

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  s y s t e m  o f  h u s b a n d r y ,  t h e  b r e e d  o f

a n i m a l  a n d  t h e  f o r m  o f  d i s e a s e .

SYSTEM OF 
HUSBANDRY

ACUTE FORM CHRONIC FORM

FRIESIAN OTHER BREEDS FRIESIAN OTHER BREEDS

Beef 1 5 1 6

Da i ry 1 1 1 9 11

TOTAL 12 6 10 17

APPREND IX 1 - TABLE 12

The r e l a t i o n s h i p  between an a n i m a l ' s age, the  month r e s p ! r a  t o r y

d 1sease was f i r s t n o t i c e d  and the  system o f  husbandry .

MONTH 
RESPIRATORY 

SIGNS NOTICED

<  6 YEARS 

BEEF DAIRY

>  6 YEARS 

BEEF DAIRY'

Sep t .  -  Dec. 1 1 4 7

Jan.  -  March 1 8 2 7

A p r i l  -  June 2 5 3 4

TOTAL 4 14 9 18

1 fIR«Æ» Lf



A P P E N D I X  1_ _ _ -  T A B L E 13

T h e  r e l a t i o n s h i p  b e t w e e n  a n  a n i m a l ' s  a g e ,  i t s  g e o g r a p h i c a l  o r i g i n

a n d  t h e  m o n t h  r e s p i r a t o r y  d i s e a s e  w a s  f i r s t  n o t i c e d .

MONTH 
RESPIRATORY 

SIGNS NOTICED SCOTLAND

<  6 YEARS 

ENGLAND W'MORLAND SCOTLAND

>  6 YEARS 

ENGLAND W’ MORLAND

Sept.  -  Dec. 0 2 2 1 10 6

Jan.  -  March 2 7 7 2 7 5

Apr i 1 -  June 2 5 4 3 4 4

TOTAL 4 14 13 6 21 15

APPENDIX 1 -  TABLE 14

The r e l a t i o n s h i p  between an a n i m a l ' s  age,  the  month r e s p i r a t o r y  

d ise ase  was f i r s t  n o t i c e d  and the  f a r m e r ' s  r e a c t i o n  to  mouldy hay d u s t .

< 6 YEARS > 6 YEARS

MONTH 
RESPIRATORY 

SIGNS NOTICED
NO

' REACTION

POSITIVE REACTION 

TOTAL F .L .  O.D.

POSITIVE REACTION 

REACTION TOTAL F .L .  O.D.

Sep t .  -  Dec. 1 1 0 1 7 4 3 1

Jan.  " March 2 7 3 4 3 6 6 0

A p r i l  -  June 4 3 1 2 3 4 3 1

TOTAL 7 11 4 7 13 14 12 2



A P P E N D I X 1_ _ _ -  T AB L E  15

The r e l a t i o n s h i p  between the  month r e s p i r a t o r y  d isease  was f i r s t  

n o t i c e d ,  the  system o f  husbandry and the  geog ra ph ica l  o r i g i n  o f  the  

a n 1 ma 1 .

MONTH BEEF DAIRY 
RESPIRATORY

SIGNS NOTICED SCOTLAND ENGLAND W'MORLAND SCOTLAND ENGLAND W'NORLAND

Sept.  “  Dec. 0 5 5 1 7 3

Jan. -  March 1 2 2 3 12 10

A p r i l  -  June 1 4 3 4 5 5

TOTAL 2 11 10 8 24 18

APPENDIX 1 - TABLE 16

The r e l a t i o n s h i p  between an a n i m a l ' s age,  i t s  geog ra ph ica l o r i g i n

and the  system o f  husbandry .

<  6 YEARS >  6 YEARS
SYSTEM OF
HUSBANDRY SCOTLAND ENGLAND WESTMORLAND SCOTLAND ENGLAND WESTMORLAND

Beef 1 3 2 1 8 8

D a i r y  3 11 11 5 13 7

TOTAL 4 14 13 6 21 15
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A P P E N D I X T AB L E

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  m o n t h  r e s p i r a t o r y  d i s e a s e  w a s  f i r s t

n o t i c e d ,  t h e  s y s t e m  o f  h u s b a n d r y  a n d  t h e  f a r m e r ' s  r e a c t i o n  t o  m o u l d y

h a y  d u s t . -

FARMER'S REACTION TO DUST

SYSTEM OF 
HUSBANDRY

NO
REACTION

POSITIVE
REACTION

FARMER' 
LUNG

S OTHER 
DISORDER

BEEF Sept. -  Dec. 3 2 1 1

Jan. -  March 1 2 1 1

Apr i 1 -  June 2 3 0 3

DAIRY S e p t . "  Dec. 5 3 2 1

Jan. “  March 4 11 8 3

Apr Î 1 -  June 3 6 4 2

TOTAL 18 27 16 11



A P P E N D I X  1 T A B L E  1 8

T h e  r e l a t i o n s h i p  b e t w e e n  a n  a n i m a l ' s  a g e ,  i t s  g e o g r a p h i c a l  o r i g i n

a n d  t h e  f a r m e r ' s  r e a c t i o n  t o  m o u l d y  h a y  d u s t .

FARMER'S REACTION 
TO DUST

<  6 

SCOTLAND

YEARS

ENGLAND W'LAND

>  6 

SCOTLAND

YEARS 

ENGLAND W'LAND

No r e a c t i o n 1 6 5 1 12 7

P o s i t i v e  r e a c t i o n 3 8 8 5 9 8

Fa rm er 's  lung 1 3 3 4 8 8

Other d i s o r d e r 2 5 5 1 1 0

TOTAL 4 14 13 6 21 15

APPENDIX 1 -  TABLE 19

The r e l a t i o n s h i p  between an a n i m a l ' s  age, the  system o f  husbandry 

and the  f a r m e r ' s  r e a c t i o n  t o  mouldy hay d u s t .

SYSTEM OF 
HUSBANDRY

<

NO
REACTION

6 YEARS

POSITIVE REACTION 

TOTAL F .L .  0 ,0 .

>

NO
REACTION

6 YEARS

POSITIVE REACTION 

TOTAL F .L .  O.D.

Beef 1 3 0 3 6 3 2 1

Da Î ry 6 8 4 4 7 11 10 1

TOTAL 7 11 4 7 13 14 12 2

1 1 2



A P P E N D I X  1 T AB L E  2 0

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  g e o g r a p h i c a l  o r i g i n , o f  t h e  a n i m a l ,

t h e  s y s t e m  o f  h u s b a n d r y  a n d  t h e  f a r m e r ' s  r e a c t i o n  t o  m o u l d y  h a y  d u s t .

FARMER'S REACTION 
TO DUST SCOTLAND

BEEF

ENGLAND W'LAND SCOTLAND

DAIRY

ENGLAND W'LAND

No r e a c t i o n 0 7 6 2 11 6

P o s i t i v e  r e a c t i o n 2 4 4 6 13 12

Fa rm e r 's  lung 0 2 2 5 9 9

Other d i s o r d e r 2 2 2 1 4 3

TOTAL 2 1 1 10 8 24 18
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The r e l a t i o n s h i p  

n o t i c e d ,  t h e  f a r m e r ' s  

o r i g i n  o f  the  a n im a l .

APPENDIX 1 "  TABLE 21

between the  month r e s p i r a t o r y  

r e a c t i o n  t o  mouldy hay dus t

d i sea se was f i r s t  

and the  geog raph ica l

MONTH RESPIRATORY 
SIGNS NOTICED

NO
REACTION

POSITIVE REACTION 

TOTAL F.L .  0i.D.

SCOTLAND

Sept.  -  Dec. 0 1 1 0

Jan.  -  March 0 4 2 2

A p r i 1 - May 2 3 2 1

TOTAL 2 8 5 3

ENGLAND

Sept.  - Dec. 8 4 2 2

Jan.  - March 5 9 7 2

A p r i l  " M a y 5 4 2 2

TOTAL 18 17 11 6

WESTMORLAND

Sept.  -  Dec. 5 3 2 1

Jan. -  March 3 9 7 2

A p r ! 1 -  May 4 4 2 2

TOTAL 12 16 11 5



A P P E N D I X T AB L E 2 2

T h e  r e l a t i o n s h i p  b e t w e e n  a n  a n i m a l ' s  a g e ,  t h e  b r e e d  a n d  t h e

f o r m  o f  d i s e a s e .

< 6 Years > 6 Years
roriTi oi 
D isease F r i e s i a n Other Breeds F r i e s i a n Other Breeds

Acu te 8 3 4 3

Chron î c 5 2 5 15

TOTAL 13 5 9 18

APPENDIX 1 -  TABLE 23

The r e l a t i o n s h i p  between an a n i m a l ' s age,  I t s  g eog ra ph ica l

l o c a t i o n  and b re e d .

Breed o f  
C a t t l e

6 Years 6 Years

Scot  land England W'mor land Sco t land  England W'mor land

F r i e s i a n 1 12 12 2 7 6

Other breeds 3 2 1 4 14 9

TOTAL 4 14 13 6 21 15

15



APPENDIX 1 " TABLE 24

The main e p i d e m io lo g i c a l f i n d i n g s  o f the  45 case;s o f  f a r m e r ' s

1 ung in ca111e .

Ca se 
No.

Age
(Years) Breed

System o f  
Husbandry*

Geogra ph ica l  
L o c a t io n  +

Month
Resp.
D i sease 
Not i ced

Farm er ' s 
React  i on 
to  Dust

Al 6 F r i e s i a n Da i ry -  B Westmor1 and May N i l

A2 6 A y r s h i r e Da i ry -  B Scot  1 and /L May N i l

A3 10 F r i e s i a n Da i ry " B Scot  1 and/D February Fa rm er 's  lung

A4 6 F r i e s i a n Da i ry - B Westmorland November N i l

A5 5 Gal lowa y Beef - L Scot  1and/D February Other d i s o r d e r

A6 4 F r i e s i a n Da i ry -  B Westmor1 and February Other d i s o r d e r

A7 10 F r i e s i a n Da 1 ry -  B Wes tm'orl and September N i 1

A8 8 F r i e s i a n D a i r y -  B Westmor1 and May Farm er 's  lung

A9 8 F r i e s i a n Da i ry -  B Westmorland January Fa rm er 's  lung

AlO 8 A.A. Beef “ L Westmor1 and November N i l

A l l 9 A.A. Beef - B Westmorland December Farmer 's  lung

A12 6 Fr i e s ia n Da 1 ry - B Westmor!and Janua ry N i l

A13 5 F r i e s i a n Beef  - B Westmorland Apr i 1 Other d i s o r d e r

A14 6 F r i e s i a n Da i ry -  B Westmorland Janua ry Other d i s o r d e r

A15 10 S h o r tho rn Beef  - B Westmorland Ma rch Farm er 's  lung

A16 5 A.A. Beef - B England Apr i 1 N i l

A17 2 F r i e s i a n Da i ry -  B Westmor1 and Ma rch N i l

A18 3 F r i e s i a n Da 1 ry -  B Westmorland Apr  11 Other d i s o r d e r

Cl 10 A y r s h 1 re Da i ry -  B S co t la nd /D March Farmer 's  lung

02 10 F r i e s i a n Beef - B Scot  1and/L Apr i 1 Other d i s o r d e r

C3 6 F r i e s  ian D a i r y -  B Westmor1 and January Farmer 's  lung

C4 6 F r i e s  ian Da i ry -  B Westmorland January F a rm er 's  lung

05 "6 F r i e s i a n Da i r y - 8 Westmor1 and January F a rm er 's  lung

C6, 6 F r i e s i a n Da i ry -  B Scot  1and/D February Other d i s o r d e r

07 7 Ayrsh  i re Da i ry - 8 S co t la n d /L November Farmer 's  lung

08 8 Ga 11 owa y Beef ~ 8 Westmorland December N i l

09 6 Ayrsh  i re Da 1 ry -  B S co t !a nd /L May Farm er 's  lung

CIO 10 A y r s h i r e Da 1 ry "  8 Scot  1and/L May Farm er 's  lung

011 5 F r i e s i a n Da Î ry - B Westmorland May N i l

012 8 A , A . Beef " L Westmor1 and 

116

June N i l



A P P E N D I X  1 T A B L E  2 4  ( C o n t ' d . )

•Case
No. (Years) Breed

System o f  
Husbandry*

Geograph i c a 1 
Loca t  i on 4-

Month
Resp.
D i sease 
Not i ced

Fa rm e r ’ s 
React  ion 
to  Dust

C13 5 Fr i es ian Da i ry  -  B Westmorland February Fa rmer ' s 1 ung

Cl 4 9 F r i e s i a n D a i r y  - B Westmorland Februa ry Farmer ' s 1 ung

C15 8 Ayrsh i re D a i ry  -  B S c o t la n d /L Apr 11 N i l

C1 6 4 Gal 1oway Beef -  B Westmorland November Other d i s o r d e r

C17 10 S h o r tho rn Beef  - B Westmor1 and May N i l

C18 7 Jersey D a i ry  -  B Westmor1 and May Farm er ’ s 1 ung

C19 8 S h o r tho rn Beef  -  B Westmorland Ma rch N i l

C20 7 F r i e s i a n D a i r y  -  B Westmor land September Fa r m e r ' s 1 ung

021 10 Ga11oway Beef  -  L Westmor land November Mi l

022 10 Jersey D a i r y  -  L England February N i l

023 10 Jersey D a i r y  -  L Engl and October N i l

024 10 Jersey D a i r y  -  L Eng 1 and October N i l

025 10 Jersey D a i r y  -  L England November N i l

026 7 F r i e s i a n D a i r y  -  B England December Other d i s o r d e r

027 10 Jersey D a i ry  -  L England Ma rch N i l

B -  byre  housed,  L = loose  housed:

+ S c o t l s n d /L  

S co t la n d /D  

England

Lanarksh î r e ,

D u m f r i e s s h i r e ,

a i l  c o u n t ie s  e x c lu d in g  Westmorland



APPENDIX 2



RANDOM FARM MO.  ] ( R l )

Samp]e 
No. Age Breed

1970 "71 1971-72

1 :6;71 2:11 :71 2 2 :5 :7 2

1 4 A

2 4 A -

3 6 A -, - "

4 4 A - -

5 4 A " • - -

6 4 A -, ” -

7 5 A - -, -

8 4 A - - "

9 5 A -

10 4 A -

n 6 A "

12 11 A - ”

13 5 A - “ ~

14 • 4 A -

15 4 A ~ “ —

16 5 A - —

17 5 A “ -

18 4 A - - —

19 6 A - - —

20 4 A - - -

21 7 A - - -

22 ■ 5 • A - —

23 9 A - - -

24- 4 A —



RANDOM FARM NO.  1 ( P J )

r ------—

Sample 1970 "71 1971-72

No, Age Breed
1 :6;71 2:11 :71 2 2 :5 :7 2

25 6 A — -

26 8 A "

27 6 A - "

2 8 ' 6 A -* -

29 4 A - - -

30 6 A - - -

31 6 A — "

32 6 A " "

33 5 A -

34 8 A " “ "

35 ,5 A - "

36 9 A - - -

37 5 A -

38 4 A “ - “

39 6 A - - —

40 5 A - - -

41 5 A - -

42 5 A. - “ -

43 5 A - —

44 10 A - - -

45 4 A - - -

46 9 A - - -

47 6 A - -

48 5 A - - -



RANDOM FARM NC.  ~i ( R l )

Sample 1970 "71 1971-72

No. Age Breed
1 :6:71 2:11 :71 2 2 :5 :7 2

49 5 A - -

50 6 A - " "

51 5 A - ■■

52 9 A -

53 9 A “ • •- “

54 6 A - - .

55 4 A -

56 4 A - "

57 5 A - -

58 5 A - " “

59 10 A _

6o 6 A - *■

61 4 A - - -

62 4 A - -

' 63 5 A - - -

64 6 A -

65 ' 4 A " -

66 9 A - - -

67 8 A -

68 6 A - -

69 7 A - - "

70 ■ 4 A — "

71 5 A - '•

72 5 A - — -



RANDOM FARM NO. 1 ( R l)

Sampl e 1970 "71 1971-72

No. Age Breed
1 :6 :  71 2:11 :71 2 2 :5 :

73 4 A -

74 4 A - “ -

75 5 A " - —

76 A " -

77 A - “

78 A " -

79 A ” —

80 A ** -•

81 A -

82 A -

83 - A —

84 A -

85 A -

86 A “ -

87 A

TOTALS 75 76 72

-

•



RANDOM FARM NO. 2 (R 2)

Sampl e 1970 -71 197 1-72
No. Age Breed

26:4 :71 4 :11 :71 25:5:72

1 14 A . "

2 7 A -i- -F

3 6 A + '
+

4 ' 6 A - "

5 6 A *'

6 5 A - -

7 10 A + +• +

8 10 A 4-

9 3 F + -

10 5 F “

11 ,4 F + -

12 3 F - - _

13 3 A - - ■ ”

14 3 F - - -

15 8 A -

16 3 F - -

17 3 F - - -

18 4 A . — 4* -

19 6 A

20 5 Her.  X + - -

21 6 F + + +

22 4 F - " -

23 8 A -

24 6 A 4-

?V W



RANDOM FARM NO.  2 ( R 2 )

Sample 
No. Age Breed

1970 -71 1971-72

26:4 :71 4 : 1 1 :71 2 5 :5 :7 2

25 9 A +

26 9 Her,  X H- - 4

27 8 A -
'

28 " 7 A 4-

29 7 A "

30 7 A 4-

31 8 A 4-

32 5 F 4- " -

33 5 F " -

34 4 F - - 4

35 . 7 A -

36 9 A — ”

37 4 F 4- 4

38 5 F -

• 39 5 F -

4o 5 A - - -

41 3 F 4- -

42 6 A 4-

43 8 A 4-

44 8 A 4-

45 6 F -

46 10 A » 4

47 10 F 4

48 10 A 4 4 4
________ .

Î 2 3



RANDOM FARM NO. 2 (R2)

Sample 1970 -71 1971-72

N o, Age Breed
2.6:4:71 4:11 :71 2 5 :5 :72

49 4 F 4

50 9 A +

51 9 A -

52 ' A -

53 A - -

54 F - -

55 A “ +

56 A - "

57 A “

58 A “ 4

59 A -

60 F - -

61 A “

62 A -

63 F -

64 A -

65 A + -

66 F

67 +

68 F - -

69 F -

70 - A -

71 A -

72 F -•

\ ? Â



RANDOM F A R H N O .  2 ( R 2 )

Sampl e 
No. Age Breed

1970 -71 1971-72

26:4 :71 4 : 1 1 :71 2 5 :5 :7 2

73 A ~

74 F -

75 F -

76 F -

77 F 4

78 A -

80 A -

81 A - 4

82 A 4

83 A -

84 A -

85 A -

86 A -

87 A -

88 A

TOTALS

-

51 48 44

125



RANDOM FARM N O .  3 ( R 3 )

] 9 7 1 “ 72Sampl e 
No. Age Breed

20

22

26



RANDOM FARM NO .  3 ( R 3 )

1970-71 1971-72Sample 
No, Age Breed

Â  Ilf



RANDOM FARM NO. 3 ( R 3 )

Sampl c 1970 -71 1971-72

No. Age Breed
1 0 :6 :70

50 8 F +

51 3 A - '

52 7 A -

53 6 A • -

54 10 A +

55 4 F -

56 3 A -

57 6 A 4

58 3 A - -

59 3 . A -

60 4 F ■’

61 7 A -

62 7 A “

63 8 A -

- 64 7 F +

65 3 A -

66 6 A -

67 8 A -  ■

69 6 A -

70 9 A -

71 3 F -

72 4 A *-

TOTAL 71

. ____ . - ...................

128



RANDOM FARM N O .  4  (R 4 )

Sample 1970-71
No,

22:3 :71

1

2 +

5 +

6 4

8 -

9 4*

10

11 4-

14 -

16 4*

17 -

19 -

20 4-

21 4-

22 -

24 -

25 4-

26 4

27 -

28 -

31 4

33 -

34 -

36 “

Sampl e 
No.

1970-71

22:3 :71

37

38

39

40

42

43

44 

46

48

49 

51

53

54

55

57

58

59

60 

62

63

64

65

66 

67

12



RANDOM FARM N O .  4  ( R 4 )

Sample 
No.

68

69

70

71

TOTAL

1970-71

22:3 :71

52

Sampl e. 
No.

1 9 7 0 - 7 1

130



P O S I T I V E  SAMPLE FARM NO.  1 ( P S ? )

Sample 1970 -71 1971“ 72

No. Age Breed
16 :10 :7 0 26:3 :71 3:11:71 2 9 :4 :7 2

.1 6 A - “

2 4 F - “ - «

3 3 F - — - -

4 " 13 -

5 5 F - - “ "

6 4 F - - - -

7 5 F - “ — -

8 4 F -- - 4* -

9 11 -

10 5 - - -

n 4 " -

12 5 - -

13 5 - -

14 7 " + +

• 15 4 A - - - -

16 6 F - - - -

17 ■ 7 A - + 4- -

18 3 F - - - -

19 5 — -

2 0 4 - + 4-

21 5 A - -t-' 4-

2 2 5 F - + 4- +

23 4 F - 4- "

24 6 “
________

. 3 1



P O S I T I V E  SAMPLE FARM N O .  Ï ( P S l )

Sample 
No, Age Breed

1970 -71 1971-72

3 : 1 1 : 7 1  2 . 9 : 4 : 7 21 6 : 1 0 ; 7 0 26:3 :71

. 25 6 —

26 5 F - 4- 4- 4-

27 7 4-

. 2 8 ' 5 -

29 14 “ 4- 4-

30 11 A 4'

31 4 F — 4" Broken

32 4 -

33 4 A. -

34 3 A — - Broken

35 , 6 -

36 6 F 4- - -

37 3 - -

38 6 F - - -

39 3 A . - “ -

40 4 A - -

41 3 F - -

42 3 F - “

43 3 F **

44 4 F - -

45 3 F - -

46 3 F -

47 4 A “

48 3 F
____ ■

132



P O S I T I V E  SAMPLE FARM NO.  1 ( P S l )

Sampl e 
No,

49

50 

52 

53'

54

TOTALS

Age Breed

Î 970-71

16 :10 :7 0

32

26:3 :71

33

1971-72
—  -

3:11:71

34

29:4:72

32 •

1 . O '



£ O S ! T Î V E  SAMPLE FARM N O .  2 f P S 2 )

Sample 1970 -71

No. Age Breed
14:12:70 17:5:71

1 -

2 +

3 5 “ "

4 ' 6 - -

5 "

6 6 - -

7

8 '

9 8 - -

10 —

11 .8 - ”

12 6 — +

13 Sh. X +

14 -

' 15 -

16 3 - -

17 3 -

18 3 - -

19 "

20 3 - -

21 -

22 -

23 6 "

24 9
---------— -— rn --1-----Tr-- -----------—------1 ■ ■

1971-72



P O S I T I V E  SAMPLE FARM NO.  2  ( P S 2 I

Sample 1 970 -71

No. Age Breed
14:12:70 17:5:71

25
•

-

26 6 - -

27 6 ” —

28 -

29 6 — -

30 4 -

31 -

32 “

33 8 - -

34 9 + +

35 -

36 -

37 9 • + +

38 8 + +

39 -

40 10 -

42 2 -

43 4 —

46 8 +

47 6 -

48 4

49 - 3 —

50 3 "

51 5 Her.  Bui 1 -

19 7 i -72



P O S I T I V E  SAMPLE FARM NO, 2 ( P 5 2 )

Sample  
No,

52 7

53 6

54 9

55 5

56 6

57 3

58 3

59 3

6o *3
V

61 5

62 6

63 9

64 9

65 5

TOTALS

Age Breed

1970-71 1971“ 72 1

14:12:70

39

17:5:71

43

136



P O S I T I V E  SAMPLE FARM NO.  3 ( P S 3 )

Sample

—  ■ ■ -
1 970 -71 1971-72

No. Age Breed
15 :12 :70

’ ...............
27 :4 :71

Î 12 G +

2 12 G -

3 13 G " “
' '

4 ' 12 G -

5 13 G - —

6 3 G “ +

7 3 G - +

8 4 G 4" +

9 3 G +

10 13 G + +

11 , 5 G -

12 13 G - -

13 10 G + +

14 6 G - -

■ 15 4 G - -

16 G - -

17 G T -

18 5 G + +

19 G + +

20 5 G - —

21 4 G - - ■5Ï

22 12 G 4- -

23 6 G - “

24 2 G
------ ---------- ...

1 3 7



P O S I T I V E  S A MPLE FARM NO .  3  ( P S 3 )

Sample 1970 -71

No. Age Breed
15 :12 :70 27

25 7 G "

26 2 G --

27 5 G "

28 2 G

29 5 G ■ -

30 3 G —

31 2 G -

32 2 G -

33 4 G —

34 14 G +

35 , 5 G -

36 18 G -

37 5 G -

38 4 G -

39 5 G -

4o 4 G -

41 2 G -

42 2 G -

43 3 G

44 2 G -

45 4 G “

46 5 G 4-

47 5 G 4-

48 2 G 4"

1 9 7 1 - 7 2



P O S I T I V E  SAMPLE FARM NO. 3 ( P S 3 )

Sample 1970 -71 1971- 7:
No. Age Breed

15 :12 :70 27:4:71

49 5 G “ -h

50 5 G -- -

51 5 G - -

52 ■ 5 G - —

53 5 G - -

54 3 G -

55 5 G - -

56 16 G -

57 7 G + -

58 5 G — -

59 , 7 G -

60 7 G -

61 9 G -

62 4 G - -

63 5 G - -

64 8 G -

65 7 G

66 6 G. “ —

67 8 G -

68 G + +

69 6 G - -

70 ' 7 G - »

71 9 G - +

72 5 G

139



P O S I T I V E  SAMPLE FARM NO. 3 ( P S 3 )

Sample 1970 -71 1971-72
No. Age Breed

15:12:70 27:4:71

73 11 G - —

74 10 G " -

75 10 G - “

76 10 G + +

77 10 G "

78 .9 G - ”

79 5 G -

8o 5 G - ”

81 7 G - +

82. 6 G " -

83 -6 G - -

84 3 G - -

85 n G + +

86 4 G — -

■ 87 4 G - -

88 4 G -

89 8 G - +

90 14 G - +

91 5 - -

92 10 - -

93 9 -

94 5 - +

95 10 - -

96 14

10



P O S I T I V E  S AMPLE FARM NO.  3 ( P S 3 )

Sample 1970 -71 1971-72

No. Age Breed
15:12:70 27:4 :71

97 12 4' +

98 6 -

99 '

loo ' “

101 +

102

103 '

104 -

105 +

1.06 +

107 -

109 “

110 -

111 -

TOTALS 98 93

I I



P O S I T I V E  SAMPLE FARM N O .  4  ( P S 4 )

Sampl e 1970 "71 1971-72

No. Age Breed
14:12:70 26:4 :71

1 7 ' -

2 7 + 4-

3 6

4 6 -

5 5 ”

6 6 -

7 5 — -

8 5 - -

9 6 -

10 5 -

11 7 4-

12 7 - "

13 4 - -

14 4 4- 4-

* 15 5 - -

16 4 -

17 4 4-

18 3 - -

19 5 4"

20 4 4- 4-

21 4 -

22 5 4-

23 3 4* "

24 4



POSITIVE SAMPLE FARM NO. 4 (PS4)
»Wl«W l  ....... I’  ................."'I ■ .» ■» I I— n«m n. W WË .■ II I» II Mill 1'I ■». i II ilii.lll... r ' 111, i n̂.i Fa I a  lilJC».#*»—

Sample 1970 -71

No. Age Breed
14:12:70 26:4 :71

25 9
'

-

26 6 -Î- -

27 7 +

28 7

29 7 -

30 7 +

31 3 +

32 5 " 4-

33 3 -

34 -

35 ' -

36 4*

37 -

38 -

39 -■

40 -

41 -

42 -

43 -

44 4*

45 -

46 -

47 * -

1 9 7 1 - 7 2

1 /? '4JL ft



P O S I T I V E  SAMPLE FARM NO .  4  ( P S 4 )

1970-71Sampl e 
No. Breed

14 : 12:70 26:4-71

48

49

50

TOTALS 33 32

1 9 7 1 - 7 2

X



P O S I T I V E  SAMPLE FARM NO.  5 ( P S 5 )

Sampl e 1970 -71

No, Age Breed
15:12:70 27:4 :71

1 5 4* 4"

2 4 4- 4-

3 4 - "

4 3 +

5 2 AA « 4-

6 4 4- 4-

7 4 -

8 2 - ■ 4* 4- .

9 2 4- 4-

10 3 - -

1 I 4 - “

12 6 4- -

13 4 AA - 4-

14 4 AA - -

15 2 AA - -

16 4 4-

17 2 4- 4-

18 2 • —

19 OLD H i g h land “

20

TOTALS , 19 15

___

1 9 7 1 - 7 2

145



P O S I T I V E  SAMPL E FARM N O .  6  ( P S 6 )

Sample 1970 -71 1971-72

No. Age Breed
14 :12 :70 27:4 :71 2 0 : 1 1 :71 7 :5 :

1 6 F + 'h 4-

2 5 F + •h - -

3 5 F ~ -

4 ' 5 F + 4- 4'

5 3 F - 4- . - “

6 4 F “ - - —

7 4 F " “ - -

8 5 F + + - -

3 4 F + 4- “

10 4 F + 4- - -

11 4 F - 4- —

12 F +

13 6 F + 4- - -

14 6 F - 4"

' 15 6 F - 4- - -

16 6 F - - -

17 ' 4 F - 4- -

18 F ”

19 4 F + - - -

20 4 F + - — -

21 5 F “ + “

22 6 F “ 4-

23 F 4-

24 6 Sh, X „ —

4  Ü



P O S I T I VE SAMPLE FARM NO .  6  ( P S 6 )

Sample 
No. Age

25 5

26

27

28

29

30

31

32

33

34

35

36

TOTALS

'

Breed

1970-71

14:12:70

26

27:4:71

26

1971-72

2 0 : 1 1 :71 7 :5 :7 2

4- '

27 25

147



P O S I T I V E  SAMPLE FARM NO.  7 ( P S 7 )

Sample 1970 -71 1971-72

No. Age Breed
-----

2 5 :4 :7 2

1 5 F +

2 5 F -

3 4 F -

4 3 F "

5 4 F -

6 IQ F +

7 4 F “

8 6 F ' +

9 5 F

10 8 F +

11 6 F -

12 6 F -

13 3 F ■ -

14 4 F +

15 7 F -

16 5 F —

17 6 F —

18 6 F -

19 6 F -

20 5 F -

21 4 F -

22 - 3 F +

23 3 F

___________ ________



P O S I T I V E  SAMPLE FARM NO .  7 ( P S 7 )

Sample

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

3

3

3

3

3

3

3

4

3

3

8

3

4

7

5

4

6 

13

5 

4

6 

4 

6

Breed

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

1970-71 1971“ 72

25 :4 :7 2

149



P O S I T I V E  SAMPLE FARM NO. 7 ( P S ? )

Samp]e 
No.

47

48

49

50

51

52

53

54 

56

TOTALS

Age Breed

.J___

1970-71 1971-72

2 5 :4 :72

4-

55



FARMER'S LUNG FARM NO. 1 ( F L H

Sampl e 
Mo, Age Breed

1970
________

1971-72

27 :1 0 :7 0 18:3:71 11:11:71 16 :5 :72

1 A -

2 A 4-

3 7 -

4 -

5 6 A - 4- - 4-

6 4 - 4-

7 10 - 4-

8 4 - 4- -

9 A - “

10 10 “ -

11 8 A “ 4- -

12 8 A 4- + -r

13 4 F - - - —

14 10 A - 4- 4-

15 8 A 4- 4- 4*

16 5 " 4-

17 6 A 4- 4- 4-

18 4 A. - 4- - 4-

19 6 - -

20 -

21 4 F - ”

22 6 A — + f-

23 6 A 4- 4- 4-

24 8 A + — 4- !



FARMER'S LUNG FARM NO, 1 ( F L l )

Samp]e 
No. Age Breed

1970 "71 1971-72

27 :1 0 :70 18:3:71 11:11:71 16 :5 :72

25 8
‘

~ + 4-

26 4 ” -

27 4 - +

28 4 F - + — 4-

29 4 F “ + 4-

30 F - - -

31 4 F — - -

32 4 F “ -h *• 4-

33 4 F - 4- ~ 4-

34 4 F — 4- 4"

35 4 F - 4- - 4-

36 5 A 4' 4- 4-

37 6 A 4- ■ 4-

38 8 4-

• 39 4 F - - -

40 7 4-

41 F -

42 A - -

43 F. B u l l -

44 F -

45 A 4-

46 - F "* 4-

47 F -

48 4" 4-

152



F ^ M E R ' S  LUNG FARM N O .  1 ( F L i j

Sample 
No. Age Breed

2 7 :10 :70

TOTALS

53



F A R M E R ' S  LUNG FARM NO.  2 ( F L 2 )

Sampl e 
No, Age Breed

1970 -71 1971-72

8 :1 2 :70 16:5:71

1 B A

2 4 A -

3 7 A - — -

k 4 F -

5 3 A -

6 6 F

7 8 A

8 8 A " “

9 8 A -

10 6 F - -

11 7 F + -

12 7 A +

13 3 A -

14 3 F -

15 7 F -

16 3 A - -

17 8 A + +

18 6 F. - “
■

19 4 A - -

20 5 A - +

21 3 A +

22 - 3 , A +

23 3 A - -

24 5 A ■“



F A R M E R ' S  LUNG FARM N O .  2 ( F L 2 )

Sample 1970 -71 1971-72

No. Age Breed
8 ;1 2 :70 16:5:71

25 3 A -

26 3 F -

27 5 F +

28 7 A -

29 5 F -

30 5 A -

31 6 A +

32 6 A - +

33 6 F + '

34 3 A «

35 8 F +

36 6 A *-

37 3 A " -

38 8 A - -

■ 39 4 A -

40 F -

41 A +

42 A

43 F -

44 A -

45 A

46 A -

47 F -

48 A "
.

i . 5 5



F A R M E R ' S  LU NG FARM N O .  2 ( F L 2 )

Sampl e 
No,

49

50

51

52

53

54

55

56

57

58

59 

61

TOTALS

Age Breed

F

F

F

F

F

F

F

A

A

F

A

F

1970-71

8 :1 2 :7 0

39

___L_

16:5:71

38

1 9 7 1 - 7 2

■<! T'
i b



F A R M E R ' S  LUNG FARM NO .  3 ( F L 3 )

Sampl e 1970 -71 1971-72

No. Age Breed
12:12:70 27:3 :71 25:11:71 I :6

1 4 - 4- -

2 7 -
"

-

3 5 “

4 ' 4 -

5 5 +

6 5 -

7 4 -Î- -

8 5 - - -

9 3 +

10 3 " - -

11 3 + *

12 3 + + 4

13 3 - + -

14 3 - +

15 ^ 3 - -

16 <C3 +

17 < 3 + +

18 < 3 • —

19 <13 - - -

20 <  3 - - -

21 <  3 - - - - -

22 ^ 3 " +

23 < 3 4 " ”

24 4 4 “ ”

15'



F A R M E R ' S  LUNG FARM NO ,  3 ( F L 3 )

Sample 1970 -71 1971-72

No. Age Breed
12:12:70 2 7 :3 :7 0 2 5 : 1 1 :71 1 : 6 :72

25 4 - H- —

26 4 -

27 5 + 4 “ -

28 ' 4 - 4 - "

29 7 — 4 -

30 6 -

31 4 4 4 ”

32 6 4 4

33 4 - 4 '■

34 3 — -

35 -3 4 4

36 3 - 4

37 6 F - 4 -

38 3 - 4

■ 39 c: 3 - -

40 c 3 F “ - -

41 7 -

42 7 -

43 7 4 4

44 7 4 4 -

45 6 - '

46 6 ” — —

47 4 "

48
___ _

158

— —--------—



F A R M E R ' S  LUNG FARM N O .  3 ( F L 3 )

Sample 1970 “ 71 1971-72

No. Age Breed
12 :12 : 70 27:3:71 2 5 : 1 1 :71 1 :6 :72

49 5 -

50 4 ■ - - —

51 3 “ “ —

52' 4 -

53 5 +

54 5 +

55 4 + —

56 4 - 4 4 4 4

57 4 - 4 -

58 7 — 4 — —

59 1 - 4

61 1 4

62 1 - 4 - -

63 3 4 4

64 <  3 - -

65 < 3 - 4 - -

66 <3

67 6 F -

68 3 F 4 -

69 3 F - 4 -

70 < 3 F — - —

71 - <3 F 4 4 - 4

72 <3 F 4

73 3 4 - -

1 5 9



F A R M E R ' S  LU NG FARM N O .  3 ( F L 3 )

Sampie 
No. Age Breed

1970

12:12 :70

-71

27:3 :71

197 

2 5 : 1 1 :7Ï

1-72

1 : 6 : 72

74 3 F - +

75 3 F “ -

76 3 F -

77 , 3 F -

78 3 F -

79 3 F -

80 3 F - - -

81 7 A +

82 7 A 4-

83 3 F “ - - "

84 < 3 F - “

85 5 F + + +

86 < 3 F - “

87 • < 3 F - - - -

88 < 3 F + -

89 < 3 F - - •

90 F - -

91 F -

92 F - -

93 A -

94 F - -

95 F +

. 96 F +

97 A .. ”

___ 58 ____ F_____: —

160



FARMER'S LUNG FARM N O .  3 ( F L 3 )

Sampl e. 1970 -71 1971-72

No. Age Breed
12 :12 :70 27:3 :71 2 5 : 1 1 :71 1 :6 :

99 F -■ -

100 A 4-

101 F 4-

102 F 4-

103 F -

104 F -

105 F -

106 F -

107 F -

108 F “

109 ' F -

110 F -

111 F +

112 F 4-

113 A -

114 A

115 -

116 -

117

118

119 —

120

I 2 i

j 122 -

161



F A R M E R ' S  LUNG FARM N O .  3 f F L 3 )

Sample 1970 -71 1971-72

No. Age Breed
12 :12 :70 27:3 :71 25:11:71 1 :6 :72

123 W»

124 —

. 125 " " -

126 “

127 “ -

128 -

129 -

130 - -

131 - -

132 -

133 -

134 -

135 -

136 -

137 - -

138 -

139 -

140 "

141 -

142 -

143 - —

144 -

145 M

146
-



F A R M E R ' S  LU NG FARM NO.  3 ( F L 3 )

Sample 1970 -71 1971"72

No. Age Breed
12:12 :70 27:3 :71 25:11:71 1 :6 :72

147 - -

148 +

149

150' -

151 - +

152 + —

153 4- +

154 +

155 -

156 -

157 ' -

158 -

159 ■ -

160 -

161 “

162

163

164 -

165 +

166 -

167 “

168 -

169 -

TOTALS 88 82 82 52

163



F A R M E R ' S  LUNG FARM N O .  4  ( F L 4 )

Sampl e 
No. Age Breed

1970 -71 1971-72

21 :12 :70 17:5:71

1 6 A 4- -

2 7 F 4- 4"

3 8 A +

4 ” 3 A " -

5 5 A 4- -

6 4 F - 4-

7 5 A - -

8 4 A ' - -

9 8 A 4- 4- '

10 5 F - -

11 6 A - -

12 5 F - —

13 4 A - -

14 11 F -

■ 15 8 A 4- -

16 9 A 4-

17 5 A 4- 4-

18 5 F - "

19 6 A -

20 4 F 4- 4-

21 7 F -

22 4 A 4- 4-

23 5 A 4* +

24 4 F 4-



FARMER'S LUNG FARM N O .  4  ( F L 4 )

Sample 
No. Age Breed

1970 -71 197 1-72

21 :12 :70 17:5:71

25 5 A +

26 4 A

27 6 F +

28 10 A — 4-

29 8 F — -

30 8 A -

31 3 F “

32 3 A -

33 3 F

34 3 A -

35 3 F 4-

36 4 A 4-

37 4 F _

38 5 A -

TOTALS 30 32

'



F A R M E R L U N G  FARM N O ,  5  ( F L 5 )

Sample

------------ ”

1970 -71 1971-72

No. Age Breed
19:12:70 14:5:71 23:11:71 2 5 :5 :72

1 14 A ‘

2 3 F - 'I-

3 5 A +

4 3 F •** -

5 6 A 4- +

6 3 F - + 4-

7 7 A +

8 3 F - +

9 5 F + + -

10 8 A + +

11 7 A + -î-

12 5 A - 4- 4-

13 3 F + 4-

14 3 F - + 4- —

15 6 A + + + 4-

16 3 F +

17 3 F - - 4- +

18 7 A- 4-

19 13 A

20 3 F - 4-

21 4 F - + 4- 4-

22 4 F « - -

23 6 F 4"

24 
___________________

5 A 4" -r



F A R M E R ' S  LUNG FARM NO .  5  ( F I S )

Sampie 
No. Age Breed

1970 -71 197 1-72

19:12:70 14:5:71 2 3 : 1 1 ;71 2 5 :5 :7 2

25 5 F 4* 4- 4- 4-

26 5 F -

27 3 F “ 4* •r -

28" 7 A 4- + -

29 7 A +

30 ? A + 4- 4- 4-

31 9 A 4-

32 7 A - + 4-

33 5 F - •h -

34 5 A “ 4- — 4-

35 •3 F - - - 4-

36 3 F - 4- 4- 4-

37 4 F 4- 4"

38 3 F - 4- + +

■ 39 4 F — 4- 4- 4-

40 5 F - 4- -

41 3 F - - -

42 5 A 4- 4"

43 3 F - 4" +

44 3 F “ 4- 4-

45 3 F 4- 4-

46 3 F - 4-

47 4 A 4- +

48 3
-- -

F - 4-

1R7



F A R M E R ' S  LUNG FARM NO.  5 ( F L 5 )

Sample 
No. Age Breed

1970 -71 1971-72

19:12:70 14:5:71 23:11:71 2 5 : 5 : 7 2

49 3 A - 4-

50 5 A + 4- 4- 4-

51 5 A + 4- 4-

52 5 A + 4' 4-

53 5 A - 4- 4"

54 3 F " - 4- 4"

55 5 F - 4- 4-

56 3 F - + 4- 4-

57 3 A - 4" '

58 3 F - 4-

59 7 A + 4- 4-

60 7 A +

61 5 A +

62 7 A +• 4- 4- +

63 3 F - - 4-

64 3 F - - -

65 ■ 4 F -

66 6 A — 4 -

67 6 F + 4- +

68 9 A + + 4- 4-

69 5 A " +

70 - 9 A + 4"

71 12 A •s-

72 6 A 4-

—

4“



F A R M E R 'S  LUNG FARM NO. 5 ( F L 5 )

ampi e 
No. Age Breed

1 970 -71

19:12:70 14:5

73 5 A + 4-

'74 4 A 4-

75 7 A 4- 4-

76 - 6 A 4*

77 6 A +

78 9 A 4" 4"

79 7 A -

80 6 A 4-

81 4-

82

83

84 4-

85 4-

86 4-

87 4-

88 -

89 4-

90 4-

91 -

92 -

93 -

94 4*

95 “

96 4-

_ — — — --------------

1 9 7 1 - 7 2

2 3 : 1 1 : 7 1

4"

25 :5 :7 2

169



F A R M E R ' S  LU NG F A RM N O .  5 (FL .5)

Sample 1970 -71 197 ! -72

No. Age Breed
19 :12 :7 0 14:5:71 2 3 : 1 1 :71 25 :5 :72

97 4*

98 4-

99 -

100 '

101 4-

102 4-

103 4-

104 . -

105 4-

106 4-

107 4-

108 4"

109 - -

110 - -

111 4- 4-

112 4- 4-

113 - 4"

114 ~'r 4-

115 4-

116 4-

117 4-

118 F 4-

119 F

120 F 4-

170



F A R M E R ' S  LUNG FARM NO.  5  ( F L 5 )

Sample 
No. Age reed

2 5 :5 :7 2

121

122

123

124

125

126

127

129

130

132

133

135

136

137

138

139

1 4 0

144

r



FARMER'S LUNG FARM N O .  5 ( F L 5 )

Sample 
No.

145

146

147

148

149

150

151

TOTALS

Age Breed

F

A

A

F

F

A

F

1970-71 

19 :12 :70

80

14:5:71 | 23:11:71

1971-72

2 5 :5 :7 2

79 80 63



F A R M E R ' S  LUNG FARM NO .  6 ( F L 6 )

Samp] e 
No. Age Breed

1970 197i

2 2 :1 2 :7 0 5:5 :71

1 9 F - -

2 9 A « -

3 4 A - -

4 9 F + -

5 6 A — 4-

6 8 F - 4-

7 7 A 4-

8 8 A — " +

9 7 F - -

Ï0 8 F - +

11 6 A — -

12 9 A + -

13 8 F + 4*

14 7 F - 4-

15 7 A - 4-

16 3 A - 4-

17 3 A + ' -

18 7 A • + 4-

19 7 A +

20 7 A + “

21 8 A ,
- 4-

22 7 F 4- 4-

23 7 A .5. -

24 9 1 ^

A



FARMER'S LUNG FARM NO. 6  ( F L 6 )

Sampl e 1970 1971
No. Age Breed

2 2 :1 2 :7 0 5 ;5 :71

25 7 F - +

26 13 A + 4-

27 4 F - -

28 10 A ‘ + +

29 6 A - -

30 10 A + -

31 10 A 4- 4-

32 8 A + 4-

33 8 A + -

34 7 • A + 4* '

35 6 A + -

36 5 A + —

37 11 F - 'V

38 11 A + -

- 39 8 A -i- -

40 3 F 4- +

41 7 F + 4-

42 7 A 4-
4-

43 6 A 4-
4-

44 7 A 4-
4-

45 6 A — ■ -

46 5 A 4-
-

4-7 7 A 4-
-

48 8 A 4- 4"

174



F A R M E R ' S  LUNG FARM N O .  6  ( F L 6 )

Sample 1970 1971
No. Age Breed

22 :1 2 :7 0 5:5-71

49 3 A * 4- 4-

50 7 A 4*

51 3 A + 4- '

52 11 A • “ -

53 3 A - +

54 6 A — -

55 7 A - -

56 9 F 4- 4-

57 8 A - 4-

58 5 . F 4- “

59 4 F “ 4-

6o 6 A 4- +

61 9 A 4- -

62 6 A - 4-

- 63 6 A 4- 4-

64 9 A 4- -

65 9 A 4- 4-

66 4 A 4- 4-

67 11 A - 4'

71 7 A 4- 4-

72 7 A — 4-

73 3 A - 4-

74 4 F 4- "•

75
_ .......

3 F - -



F A R M E R ’ S LUNG FARM N O .  6  ( F L S )

Sample 
No. Age

76

77

78 

7 9 “

TOTALS

N.B.

18

13

7

Sample

Breed

numbers do

1 970 1971

2 2 :1 2 :7 0

76

not  co rrespond

5 :5  71

75



FARMER'S LUNG FARM NO. 7 (F L 7 )

Sample 1970 "71 1971-72
No. Age Breed

11 :12 :70 13:5:71 2 5 : 1 1 :71 4 :5 : 7 2

1 12 A -

2 7 A ” - "

3 3 A - “ -

4 ' 8 A - “ —

.5 4 A - - " "

6 5 A - • ™ -

7 3 A - -

8 3 A - - - -  ■

9 3 A ” - -

10 3 A - - - -

11 3 F - - —

12 3 A - - -

13 5 A - - -

14 6 A - - - -

15 2 F — - - -

16 5 A - - - -

17 11 A - -

18 3 A - - - -

19 3 A - - - -

20 3 A - - - -

21 3 F - ” -

22 3 A - “ -

23 5 A - —

24 6 A ■■

17?



F A R M E R ' S  LUNG FARM NO .  7 ( F L 7 )

Sample 1970 -71 1971“ 72

No. Age Breed
11 :12 :70 13:5:71 2 5 : 1 1 :71 4 :5 :7 2

23 4 A - —

26 12 A — • _ - -

27 4 A - - -

28 “ 5 A “ - - -

29 5 A - - -

30 8 A "• - - -

31 8 A — - - "

32 6 A - - - -

33 3 A -

34 3 A - - -■ "

35 12 A -

36 9 A - + - -

37 7 A - - “

38 5 A - - -

39 13 F - *- -

40 5 A - - -

41 4 A - - - -

42 6 A . - - - -  .

43 4 A - - -

44 5 A - — - -

45 7 A - - - "

46 7 A - - - —

47 6 A

48 3 A •' - ” "



F A R M E R ' S  LUNG FARM NO .  7 ( F L 7)

Sampl e 1970 -71 1971-72

No. Age Breed
11 :12 :70 13:5:71 2 5 : 1 1 :71 4 :5 :7 2

49 3 A ‘ - - - -

50 4 A - - - “

51 4 A " - - —

52 9 A - - - —

53 4 F - - — —

54 9 A T • “ "

55 4 A -

56 5 A - — -

57 8 A - - -

58 4 A - - — —

59 6 A -

60 4 F -

61 4 F - -

62 4 A - - - -

■ 63 5 A —

64 A — -

65 F - - -

66 A -

67 A -

68 F — -

69 A - -

70 A — -

71 ' A - —

72 A — —

4 t'‘f Ç



•ARMERAS L UNG FARM NO.  7 ( F L ? )

Sample 
No. BreedAge

TOTALS



FARMER'S LUNG FARM NO. 8 ( FL

Sample 1971 1972
No. Age Breed

26:3 :71 2 0 : 1 1 :71 6 :5 :7 2 1 : 12:72

,1 8 F +

2 6 F 4- ■ +

3 6 F - —

4 ^ 7 F + + +

-5 6 F "■ —

6 7 F + + 4-

1 4 F + — 4-

8 5 F — - -

9 7 F 4- 4- +

10 6 F + + 4-

11 7 F " - 4"

12 6 F + -

13 4 F -

14 5 F + + +

15 4 F + + 4-

16 4 + + 4-

17 10 F + +■ 4-

18 6 F. + - 4-

19 7 F + + '4-

20 6 F + - -

21 5 F - %

22 6 F + - 4-

23 4 . F — - +

24 6 F 4- + 4-

181



F A R M E R ' S  LU NG FARM N O . 8  ( F L 8 )

Sampl e 
No. Age Breed

1971

26:3 :71 2 0 : 1 1 :71 6 :5 :7 2

25 5 F + 4- 4-

26 8 F + 4-

27 7 F 4- 4- 4-

28 " 7 F + 4-

2.9 6 F 4- 4

30 7 F 4- 4- • 4-

31 5 F -

32 4 F + - 4-

33 4 F " 4-

34 5 F 4- - 4-

35 5 F 4- + -

36 6 F 4-

37 5 F 4- 4-

38 7 F 4 4"

• 39 6 F 4- 4-

40 7 F 4- 4- 4-

41 7 F - — -

42 5 F 4- 4-

43 4 F 4- — —

44 4 F 4-

45 4 F 4- “

46 4 F 4- “

47 6 F 4-

48 6 F ■}-

1 9 7 2

1 :12 :72



F A R M E R 'S  LUNG FARM MO. 8  ( F L 8)

1971Sampl e 
No. BreedAge

26:3 :71

Her

185 5



F A R M E R ’ S LUNG FARM N O .  8  ( F L 8 )

Sample 
No. Age Breed

1971 1972

26:3 :71 2 0 : 1 1 :71 6 :5 :7 2 1 :12 :72

73

74

75

TOTALS 54 59 44

184
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APPENDIX 3



A P P E N D I X  3 T A B L E

E x p e r i m e n t  4 t h e  c l i n i c a l  d e t a i l s  f r o m  p e r i o d s  o f  c o n s t a n t  e x p o s u r e
t o  m o u l d y  h a y  d u s t .

FIRST PERIOD OF CONSTANT EXPOSURE

DURATION
OF CALF RESPIRATORY

EXPOSURE NO. RATE/MIN, TEMP. F COUGHING

WEEK 0

OTHER FINDINGS

4

16

17

20

30

30

30

30

102

101.1

101

101.3

WEEK 2 4

16

17

20

30

40

30

30

101.7

100.8 

102 

101.1

WEEK 5 4

16

17

20

40

30

40

30

101.5

101.6 

101.9  

101.1



A P P E N D I X  3__ 1  T A B L E  1 ( C o n t ' d . )

SECOND PERIOD OF CONSTANT EXPOSURE

DURATION
OF CALF RESPIRATORY

EXPOSURE NO. R A T E / M I N .  TEMP. ° F  COUGHING

WEEK 0

OTHER F INDI NG S

4

16

17

20

40

30

25

25

101 .2 

l o t  

101.6  

101.1

WEEK 1 4

16

17

20

30

50

40

30

101 . 8  

101 . 6  

101.2 

101 . 6

Harsh. C rack les  on 
1 e f t  -  A / V .

H a rsh .

Harsh.  Hyperpnoea (+) 

Harsh.

WEEK 2 4

16

17

20

30

45

40

40

101

101.8

101

101.5

C ra c k le s  on l e f t  
A /V .

H a rsh . 

H a rsh .

WEEK 3 4

16

17

20

40

40

30

30

101.2

101.8

100.8

101.8 '

C ra ck les  on l e f t  -  
A / V .

Harsh.

C ra ck le s  and rhonch i  
on l e f t  -  A / V .  

Harsh.

WEEK 4 4

16

17

20

40

30

40

3 0

101 . 8  

102 

101 . 6  

101 .5

C rack les  on l e f t  
A / V .
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A P P E N D I X  3 -  T A B L E  1 ( C o n t ' d , )

SECOND P E R I O D  OF C O N STANT EX POSURE

DURAT I ON 
OF

EXPOSURE
CALF RESPIRATORY 

NO. RATE/MIN. TEMP. °F COUGHING OTHER FINDINGS

WEEK 5

WEEK 6

4

16

17

20

4

16

17

20

50

40

40

40

40

40

30

40

101.6

102

102.1

102

102.2 

102.1 

101 .4 

101 .3

+ C ra ck les  on l e f t
A /V.

Occas iona l  c r a c k l e s  
on 1 e f t  " A /V .

C rack le s  on l e f t  -  
A /V .  Hyperpnoea (+)

Harsh.

192



T A B L E  1 ( C o n t ' d . )

T H I R D  P E R I O D  OF CONSTANT EXPOSURE

DURATION
OF CALF RESPIRATORY

EXPOSURE NO

WEEK 0 4

16

17

20

RATE/MIN. TEMP. F COUGHING OTHER FINDINGS

30

30

30

30

101.7 

101 . 6  

1 0 1 . 2

101 .9

WEEK 1 4

16

17

20

40

30

30

30

1 0 2 , 1  

101.6 

101 . 3  

101.7

C rack les  on l e f t  
A /V .

WEEK 2 4

16

17

20

40

40

30

30

101.4  

102.2 

101.6 

101.8

+ C ra ck les  on l e f t
A /V .

WEEK 3 4

16

17

20

30

40

30

40

1 0 2 . 2  

102 

101 .3  

102

+

++

WEEK 4 4

16

17

20

30

40

30

30

101 .6 

102 

102.5 

102

Hyperpnoea (+}

Hyperpnoea (-H-)



A P P E N D I X  3 -  T A B L E  I ( C o n t ' d . )

T H I R D  P E R I O D  OF C O N S T A N T  EX POSURE

DURATION
OF CALF RESPIRATORY

EXPOSURE NO. RATE/MIN.

WEEK 5

TEMP. F. COUGHING OTHER FINDINGS

4

16

17

20

40

30

40

40

102,4

101.1

101.6

102

Hyperpnoea ( - r )  

Hyperpnoea (+) 

Hyperpnoea (-t) 

Hyperpnoea (+)

WEEK 6 4

16

17

20

40

40

40

40

102.2

102

101

101.2

WEEK 7 4

16

17

20

40

30

30

40

101 .3

101.9 

102

101.9



A P P E N D I X  3 T A B L E  2

E x p e r i m e n t  4 t h e  c l i n i c a l  d e t a i l s  f o l l o w i n g  t h e  f i r s t  m a s s i v e
e x p o s u r e  t o  m o u l d y  h a y  d u s t .

TIME
POST

EXPOSURE
CALF RESPIRATORY 

NO. RATE/MIN. TEMP, °F COUGHING OTHER FINDINGS

PRE"
EXPOSURE

4

16

17

20

30

30

30

30

101.7 

101.6 

101.2 

101 .9

1 HOUR 4

16

17

20

40

30

30

40

102.1

102.5

101.3

101.3

Harsh r e s p i r a t i o n s ,  

Harsh resp î  r a t  Ions 

Harsh r e s p i r a t i o n s  

Harsh r e s p i r a t i o n s

2 HOURS 4

16

17

20

30

30

30

40

102.2

102

101.5

102.2

3 HOURS 4

16

17

20

40

30

30

40

102

101.7

101.3

102.2

C ra ck le s  on l e f t  
A /V .

4 HOURS 4

16

17

20

30

40

30

4 0

102.3

102.4

102.5 

102



A P P E N D I X  3 T A B L E  2 ( C o n t ' d . )

TIME
POST" CALF RESPIRATORY

EXPOSURE NO. RATE/MIN.

5 HOURS

TEMP. F COUGHING

4

16

17

20

30

30

30

40

1 0 2 . 2

102.2

102.3

101.7

OTHER FINDINGS

S l i g h t l y  d u l l

6 HOURS 4

16

17

20

40

40

30

30

102.6

102.3

102.3 

102

7 HOURS 4

16

17

20

40

40

30

40

102 . 6

1 02 .6

102.5

103

C ra c k le s  l e f t  and 
r i g h t  -  A /V .

8 HOURS 4

16

17

20

40

40

40

50

102.5 

101 . 9  

102.4  

102.7

C rack les  on r i g h t  
A /V .

9 HOURS 4

16

17

20

30

40

30

50

102 .6

1 0 1 . 8

1 0 2 . 1

103

.1 Ù



A P P E N D I X TA B L E  2 ( C o n t ' d . )

TIME
POST

EXPOSURE
CALF RESPIRATORY

NO RATE/MIN. TEMP. F COUGHING OTHER FINDINGS

10 HOURS 4

16

17

20

11 HOURS 4

16

17

20

12 HOURS

24 HOURS

4

16

17

20

4

16

17

20

40

40

30

50

40

40

40

40

30

30

40

40

40

30

30

40

102

101 .7 

102 . 1

102.4

102.3

101.5 

101 .8

102.7

101 . 8  

101

102

102.5

101 .6  

101 .8

101.4 

102

C rack le s  on r i g h t  
A /V .

Hyperpnoea (+)



A P P E N D I X  3 T A B L E  3

E x p e r i m e n t  4 t h e  c l i n i c a l  d e t a i l s  f o l l o w i n g  t h e  s e c o n d  m a s s i v e
e x p o s u r e  t o  m o u l d y  h a y  d u s t .

TIME
POST- CALF RESPIRATORY

EXPOSURE NO. RATE/MIN. TEMP. F COUGHING OTHER FINDINGS

PRE-
EXPOSURE

4

16

17

20

30

30

30

30

101

1 0 1 . 1

100.8

100.8

1 HOUR 4

16

17

20

30

30

30

20

102.3 

302.5 

1 0 1 . 1  

101 . 9

Harsh.  Rhonchus on 
r i g h t  “  A /V .

Harsh.

2 HOURS 4

16

17

20

30

30

30

30

102 

102 ,2  

102 

101 .9 S I i g h t l y  d u l l .

3 HOURS 4

16

17

20

30

30

30

30

102

101.3

101.3 

101 .4

4 HOURS 4

16

17

2 0

30

30

30

3 0

1 0 1 .8  

101 .5 

101.3 

101

Hyperpnoea (+)

8



A P P E N D I X  3 T A B L E  3 ( C o n t ' d , )

TIME
POST' CALF RESPIRATORY

EXPOSURE NO. RATE/MIN. TEMP. F COUGHING OTHER FINDINGS

5 HOURS

6 HOURS

7 HOURS

8 HOURS

4

16

17

20

4

16

17

20

4

17

4

17

9 HOURS 4

17

10 HOURS 4

17

n  HOURS 4 

17

12 HOURS 4 

17

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

3 0

101.6 

101 . 5  

101.9  

1 0 1 . 6

101.4

101.3

101.7 

101 . 3

101 . 3  

1 0 1 . 2

100.8  

101 .3

102 .1

101.3

101 .6

101

101.3

101.5

101.7 

101 .4

Necropsy

Necropsy

Rhonchus on r i g h t  
A /V .



A P P E N D I X  3 " T A B L E  3 ( C o n t ' d . )

TIME
POST- CALF RESPIRATORY

EXPOSURE NO. RATE/MIN. TEMP. °F COUGHING OTHER FINDINGS

24 HOURS 4 30 101.7 -  Necropsy.

17 30 101.4  -  Necropsy .



A P P E N D I X  3 T A B L E  4

E x p e r i m e n t  4 t he  h a e m a to lo g ic a 1 d e t a i l s  f o l l o w i n g  the  f i r s t  massive  
exposure  t o  mouldy hay d u s t .

TIME

CALF

NO.

P.C.V.

%

Hb. 

9 /100  m l .

R.B.C.

10^/mm^

W.B.C.
3mm

N.

TOTAL

N.

%

L.

%

E.

7o

PRE
EXPOSURE

4 30 9 .4 6 .13 6,700 1 ,742 26 74 0

- 16 29 9.1 5 .88 6,300 1 ,512 24 74 2

17 28 9.1 5.84 4,000 1 ,000 25 74 1

20 29 9 .4 5.90 6,900 2,691 39 57 4

4 HOURS 4 29 9 .7 5.96 7,200 1,440 20 79 1

16 31 10.0 6 .48 6,900 966 14 85 1

17 29 10.0 6 . 4 / 5,700 1,311 23 76 1

20 28 10.4 5 .59 8,600 1 ,290 15 82 3

8 HOURS 4 30 — 5.96 9,500 2,280 24 76 0

16 30 - 6.61 8,400 2,268 27 70 3

17 28 - 6 .66 6,300 1 ,386 22 78 0

20 30 - 5.80 7,200 1,872 26 70 4

12 HOURS 4 30 - 5.65 10,400 2,912 28 70 2

16 31 - 6 .08 7,600 1 ,672 22 75 3

17 28 - 6.32 5,400 1 ,728 32 66 2

20 30 - 6 .o 6 6,800 1 ,904 28 68 4

24 HOURS 4 29 5.80 7,500 2,550 34 64 2

16 31 - 6 .19 6,700 ! ,608 24 72 4

17 27 " 6 .20 5,400 1,836 34 64 2

20 29 5.90

2 0 1

6,400 1 ,792 28 66 6



AP PE NDI X 3 TABLE 5

Exper iment  4 the  h a e m a to log ic a l  d e t a i l s  
massive  exposure  t o  mouldy

f o l 1owi 
hay dus

ng the  
t ,

second

CALF P.C.V. Hb. R.B.C. W.B.C. N. N. L. E.

TIME NO. % g/ lOO ml 10^/mm^ 3mm TOTAL 7o 7o 7o

PRE 4 27 9.1 5.61 8,000 3,360 42 58 0
EXPOSURE

16 31 10.6 6 . 8o 10,300 4,532 44 56 0

17 28 10.0 6 .19 5,200 2,548 49 51 0

20 30 11.0 6 .40 9,000 3,330 37 62 1

2 HOURS 4 26 9.1 6.01 6,400 2 ,688 42 57 1

16 29 9 .4 6 .33 8,400 3,528 42 58 0

17 27 8 .5 6 .72 6,200 2,046 33 64 3

20 28 9 .4 5 .74 7.700 2,310 30 66 4

4 HOURS 4 27 8 .5 5 .77 6,500 2,795 42 57 0

16 29 9 .7 6 .55 8,900 2,848 32 64 4

17 27 9 .4 6.1 7 4 ,200 1 ,680 40 58 2

20 29 9.1 6 .07 8,400 3,276 39 55 6

6 HOURS 4 26 9 .4 5 .68 6,900 3,036 44 56 0

16 30 11.0 6.25 9,600 3 ,744 39 59 2

17 33 10.0 6 ,68 6,500 2,145 33 64 3

20 28 9.1 5.90 8,600 4 ,128 48 51 1

8 HOURS 4 32 10.0 6.6o 9,400 4 ,136 44 56 0

16 NECROPSY 6 HOURS POST -  EXPOSURE

17 30 10.0 6 .8 9 6,800 3,128 46 53 Î

20 NECROPSY 6 HOURS POST -  EXPOSURI

tC V  w



AP PEND IX  3 T A BLE 5 ( C o n t ' d . )

CALF P.C.V. Hb.

TIME NO.

10 HOURS 4 

17

12 HOURS 4 

17

24 HOURS 4 

17

4

17

%

29

30

30

28

30

29

g / 1 00 m l . 10^/mm^

9 .7

10.4

10.0

9 .4

10.4

9 .4

R.B.C.  W.B.C 
3mm

N.

TOTAL

N. L. E.

% % %

6.07. 8,100 3 ,645 45 54 1

5 .90 6 ,400 2 ,880  45 54 1

6.41 8,300 3,901 47 53 0

6.01 5 ,600 2,352 42 56 2

6 .3 8  8 ,000 2 ,880 36 64 0

6 .6 0  6 ,100  2,623  43 56 1

NECROPSY 24 HOURS POST -  EXPOSURE 

NECROPSY 24 HOURS POST -  EXPOSURE

203
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