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SUMMARY

Respiratory  diseases are economical ly important in the U.K. 

Those which a f f e c t  young, immature, housed calves have been

d i f f i c u l t  to def ine in a e t i o lo g ic a l  terms despi te  many years of 
research. Many v i ruses ,  bac te r ia  and mycoplasmas have been 

associated with  these diseases but in recent years the pathogenic 
ro les o f  r e s p i ra to ry  syn cy t ia l  v i rus  and para in f luenza type 3 v i rus  

have demanded p a r t i c u l a r  a t t e n t i o n .  The aim of t h i s  thes is  was to 
in v e s t ig a te  the par t  played by these two v iruses in the r e s p i ra to ry  

diseases of c a t t l e  w ith  p a r t i c u l a r  reference to the pathogenesis, 

d iagnosis and d i f f e r e n t i a l  diagnosis o f  these two in fe c t io n s  in 

n a tu r a l l y  occurr ing outbreaks o f  disease. These primary aims
were to  be accompanied by attempts to  produce v i r a l  i n f e c t i o n  in 

experimental  calves using is o la te s  of the vi ruses obtained during 
the f i e l d  i n v e s t ig a t io n s .

A m u l t i d i s c i p l i n a r y  in v e s t ig a t i o n  i n to  22 outbreaks of acute 

re s p i ra to ry  disease in immature c a t t l e  was ca r r ie d  out using
c l i n i c a l ,  m ic rob io lo g ica l  and pa tho log ica l  techniques.  Eight 

outbreaks were detected in which there  was unequivocal evidence of 

i n f e c t i o n  with  e i t h e r  RS v i rus  or PI3 v i r u s .  In a d d i t io n  16

in d iv id u a l  cases of RS v i r a l  i n f e c t i o n  and one case of PI3 v i r a l  

i n f e c t i o n  were detected in mater ia l  re fe r red  from Vete r inary

In v e s t ig a t io n  Centres in England.

Common c l i n i c a l  f i n d in g s  in RS v i r a l  cases were hyperpnoea, 

tachypnoea and, in  severe cases, dyspnoea. ' On pa tho log ica l

examination there was pneumonia in vo lv in g  the c ran ia l  par ts o f  the 

lung lobes and, in fa ta l  cases, severe i n t e r s t i t i a l  emphysema w ith  
the formation of g a s - f i l l e d  bu l lae  in the caudal lobes. 

M ic roscop ica l ly  syncytium fo rmation in the e p i t h e l i a  o f  the

b ronch io les ,  the a lv e o l i  and, very o ccas iona l ly ,  the bronchi was

found. V i ru s - in fe c te d  c e l l s  sometimes contained e o s in o p h i l i c  

in t ra cy to p la sm ic  in c lu s io n  bodies. Three new s t ra in s  o f  RS v i ru s  
were recovered during these in v e s t ig a t i o n s .

(x i  )



R e la t i ve ly  few in d iv id u a l  cases of PI3 v i r a l  i n f e c t i o n  were 

d iscovered, however, in these there was also inc lu s ion  body

formation in the cytoplasm of re s p i ra to ry  e p i t h e l i a l  c e l l s  and, 
o cca s io n a l ly ,  e p i t h e l i a l  syncyt ia  were present.  Secondary 

b a c te r ia l  i n f e c t i o n  was common w ith  Pasteure l la  multocida and
Pasteure l la  haemolytica types Al and A2 invo lved,

Due to  the s im i l a r  nature of the s p e c i f i c  pa tho log ica l  

changes due to RS v i r a l  and PI3 v i r a l  in fe c t io n s  i t  v/as found 
necessary to  develop a technique which could d is t in g u is h  between 

these two in fe c t io n s  in the lung, Immunofluorescent s ta in ing  of 

v i r a l  ant igens in e i t h e r  ace tone- f ixed  or formal i n - f i x e d  sect ions

o f  pneumonic lung was developed fo r  t h i s .  The de tect ion  of 
ant igens in lung which was been f ixed  fo r  convent ional

h is topatho logy  was a s i g n i f i c a n t  advance on previous techniques as 

i t  enabled the r e la t io n s h ip  between the v i r a l  ant igens and the 

h is to pa tho lo g ica l  changes to  be assessed more f u l l y .

Experimental i n fe c t io n s  were ca r r ied  out using RS v i rus  and 

PI3 v i r u s .  Unfor tunate ly  i t  v/as not poss ib le  to use the iso la te s  

o f  RS v i rus  which had been recovered during the f i e l d  
i n v e s t ig a t io n s .  Using an RS v i rus  i s o la te  obtained from a another 

labo ra to ry  calves were success fu l ly  in fec ted .  Combined in fe c t i o n  
w i th  the c a t t l e  lungworm Dictyocaulus v i v i parus was attempted in  

order  to po ten t ia te  the e f fe c t s  of the v i r a l  i n f e c t i o n .  Although 

v i r a l  i n f e c t i o n  was estab l ished there  was no unequivocal evidence 

th a t  t h i s  was increased in s e v e r i t y  by concomitant D.vi v i  parus 
i n f e c t i o n .

Two groups o f  ca lves,  one aged two weeks and the other four  

months, were in fec ted  w ith  a recent f i e l d  i s o la te  o f  P13 v i r u s .  In 
both groups v i r a l  i n f e c t i o n  was associated w ith  c l i n i c a l  signs o f  

r e s p i ra to ry  disease and pa tho log ica l  les ions ,  s p e c i f i c a l l y  

recognisable as being due to  PI3 v i r a l  i n f e c t i o n ,  were produced in 
the lower re s p i ra to ry  t r a c t .

( x i i )



SECTION ONE

GENERAL INTRODUCTION

REVIEW OF THE LITERATURE ON RESPIRATORY SYNCYTIAL VIRUS 

AND PARAINFLUENZA TYPE 3 VIRUS INFECTIONS IN CATTLE



GENERAL INTRODUCTION

Respiratory  diseases have t roub led  the c a t t l e  ind u s t ry  f o r  
many years. The most spectacu la r  losses are those due to  

m o r t a l i t y ,  however, s i g n i f i c a n t  costs may also be incurred during 
the aftermath o f  a r e s p i r a to r y  disease inc id e n t  due to loss of 

product ive  e f f i c i e n c y  and the cost o f  ve te r ina ry  a t t e n t i o n .  Of the 
re s p i ra to ry  diseases which a f f e c t  c a t t l e  in the U.K. some are wel l 

def ined c l i n i c a l l y  and p a th o lo g ic a l l y  e.g. p a r a s i t i c  b r o n c h i t i s ,

severe i n fe c t io u s  bovine r h i n o t r a c h e i t i s  and the pneumonias of 

adu l t  c a t t l e  ( J a r r e t t  and o the rs ,  1957a; Wiseman and o thers ,  1979; 
Breeze and o the rs ,  1975). However, the re s p i ra to ry  diseases which 

ve te r ina r ian s  in general p ra c t i ce  most f requen t ly  encounter, th a t  

is  those in housed calves which have never been at grass, have been 

d i f f i c u l t  to def ine p roper ly  on a e t io lo g ic a l  grounds and despite 

years of research are s t i l l  incomplete ly  understood. Consequently, 

t reatment is  at best symptomatic and p rophy l lax is  e m p i r i ca l .  A 

v a r ie t y  o f v i ruses ,  bac te r ia  and mycoplasmas have been imp l ica ted  

in  these diseases and d i f f i c u l t i e s  have ar isen in i d e n t i f y i n g

s p e c i f i c  i n fe c t io n s  and in assessing t h e i r  s i g n i f i c a n c e  in r e la t i o n  

to  the pa tho log ica l  changes in the lung.

The p a r t i c u l a r  ro le  of v i ruses in causing these diseases 

has long been the sub jec t  o f  controversy . In e a r ly  experiments

les ions were produced in the lungs of calves by in o cu la t in g  
b a c te r ia - f r e e  f i l t r a t e s  o f  pneumonic lung (Lamont and Kerr ,  1939) 

and at th a t  time f i l t e r - p a s s i n g  agents were assumed to be v i ruses .  
S im i la r  experiments, w ith  s i m i l a r  r e s u l t s ,  were performed by other  

workers (Jennings and Glover,  1952). In the 1950's researchers at 

the Glasgow Veter inary  School publ ished a ser ies  of papers 

descr ib ing  the c l i n i c a l  and pa tho log ica l  features o f  some 

re s p i ra to ry  diseases o f  calves and J a r r e t t  (1954) suggested a 

c l a s s i f i c a t i o n  of these pneumonias on morphological grounds.

By analogy w ith  pneumonias in  o ther  species two e n t i t i e s  were 

thought to be associated w i th  v i r a l  i n f e c t i o n .  The f i r s t ,  

character ised by peri  bronchia l  and p e r ib ro n c h io la r  accumulat ion of 

lymphocyt ic c e l l s  and given the name " c u f f i n g  pneumonia", was



compared with  " v i ru s  pneumonia" o f pigs and "grey lung disease" of 

mice. Although these l a t t e r  tv/o cond i t ions  were genera l ly  thought 

to  be of v i r a l  o r i g i n  J a r r e t t  pointed out th a t  t h i s  had not been 

s p e c i f i c a l l y  proven and h ig h l ig h te d  the danger of i n f e r r i n g  

a e t io logy  purely  from the morphological appearance of the les ions .  

The second pneumonia, t h i s  t ime character ised by e p i t h e l i a l  

changes, was compared to two diseases of proven v i r a l  aet iology.-  

In these cases the outstanding featu res were th a t  the a l v e o l i ,  

a lve o la r  ducts and terminal bronchio les were l ined  w i th  a s ing le  
laye r  o f low cuboidal ep i the l ium  in which syncyt ia  were formed by 

focal p r o l i f e r a t i o n .  E p i th e l i a l  c e l l s  in the a l v e o l i ,  the 

bronchio les and the bronchi contained e o s in o p h i l i c  in t racy top lasm ic  

inc lu s ion  bodies. These changes s t rong ly  resembled those in 

distemper v i rus  pneumonia in dogs and measles g ian t  c e l l  pneumonia 

in  man and J a r r e t t  suggested th a t  a re la ted v i rus  might be present 

in  the bovine. The co nd i t ion  was named " in c lu s io n  body pneumonia" 
and subsequently was recognised elsewhere in the U.K. (Baxter ,  

1960), I t  was also recognised th a t  b ac te r ia l  i n f e c t i o n  of a 

pneumonia of t h i s  type could obscure the o r ig in a l  e p i t h e l i a l  

changes g iv ing  the les ion  a d i f f e r e n t  appearance.

Since the advent o f convenient t i ssue  c u l tu re  techniques 

and of methods of l o c a l i s i n g  v i r a l  antigens in pneumonic lung much 

e f f o r t  has been devoted to  the study of viruses in the r e s p i r a to r y  
diseases of housed calves.  The aim of t h i s  thes is  is  to apply some 

o f  these techniques to  the study of the c a l f  pneumonias, w ith  

p a r t i c u l a r  reference to the v iruses now thought to be involved in  

the syndrome o f  " in c lu s io n  body pneumonia" namely re s p i ra to ry  

syncy t ia l  (RS) v i rus  and para in f luenza type 3 (PI3) v i r u s .

Whils t  most a t te n t io n  has been d i re c ted  at the calves themselves i t  

should not be fo rgo t ten  th a t  o lder  animals, inc lud ing  a d u l ts ,  may 

be important in the epidemiology o f  the v i ruses which are 
associated w ith  these re s p i r a to r y  diseases.



REVIEW OF THE LITERATURE ON RESPIRATORY SYNCYTIAL VIRUS AND 

PARAINFLUENZA TYPE 3 VIRUS INFECTIONS IN CATTLE

In view of the extens ive l i t e r a t u r e  concerning these two 

v i ruses they w i l l  be considered separa te ly  w ith  a f i n a l  sect ion on 

dual i n f e c t i o n s .

RESPIRATORY SYNCYTIAL VIRUS

Respira tory  syn cy t ia l  v i ru s  is  a member o f the genus 

pneumovirus in the fam i ly  Paramyxoviridae (Fenner, 1976). I t  was 

f i r s t  i so la ted  from a th ro a t  swab taken from one o f  a group of 

chimpanzees during an outbreak of upper re s p i ra to ry  t r a c t  disease 

(Morr is and o thers ,  1956) and i n i t i a l l y  was named chimpanzee coryza 

agent (CCA). Experimental exposure of chimpanzees to t h i s  v i r u s ,  

even those with serum complement f i x i n g  (CF) a n t ibod ies ,  resu l ted  

in  in f e c t i o n  and was associated w i th  c l i n i c a l  signs of re s p i ra to ry  

disease. Of greater  i n t e r e s t ,  however, was the fa c t  th a t  one of 

the attendants handl ing the in fec ted  chimpanzees developed an upper 

re s p i ra to ry  t r a c t  i l l n e s s  in d is t in g u is h a b le  from some “ common 

co lds " .  V ira l  i s o la t i o n  was attempted from a th ro a t  swab but v/as 

unsuccessful ,  however, a s i g n i f i c a n t  ( ie  f o u r - f o l d  or g rea te r )  r i se  

in  t i t r e  of CF a c t i v i t y  to  CCA was demonstrated between a serum 

sample taken during the acute phase o f  his i l l n e s s  and one taken 

three weeks l a t e r .  From t h i s  f in d in g  i t  appeared th a t  humans were 

suscep t ib le  to i n f e c t i o n  w ith  t h i s  or a re la ted  v i rus  and could 

develop c l i n i c a l  symptoms. Attempts to show an assoc ia t ion  between 

in f e c t i o n  with CCA and re s p i r a to r y  disease in a wider popu la t ion  
were inconc lus ive  although some pa t ien ts  had high t i t r e s  of CF 

a c t i v i t y  in t h e i r  serum.

In 1957 a v i rus  s e r o lo g i c a l l y  re la ted  to  CCA was recovered 

from th ro a t  swabs taken from two in fa n ts  with  lower re s p i ra to ry  

t r a c t  disease (Chanock and o the rs ,  1957) and sera from both 

p a t ien ts  become p o s i t i v e  fo r  CF ant ibody to the v i rus  during the 

convalescent phase of the i l l n e s s .  The v i rus  produced 

m u l t i  nucleated syncy t ia  in  t i s su e  cu l tu re  c e l l s  and was shown to be
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a n t ig e n !c a l l y  d i s t i n c t  from the other  v iruses and m ic rob io log ica l  

agents which were known to  cause re s p i ra to ry  disease at th a t  t ime. 

In a l a t e r  paper the assoc ia t ion  of the newly discovered v i rus  w ith  

re s p i r a to r y  disease was studied (Chanock and Finberg, 1957) and 

al though the r e s u l t s  were again inconc lus ive  i n f e c t i o n  in pa t ien ts  

with re s p i ra to ry  disease was found to  be more common than in those 

w i th o u t .  In view o f  the s i t e  of i s o la t i o n  of the v i rus  and i t s  

t y p ic a l  syncy t ia l  cytopathology in t i s su e  c u l tu re  i t  was proposed 

th a t  i t  be re-named r e s p i ra to ry  syncy t ia l  v i r u s .

Since t h i s  ea r ly  work many studies have been ca r r ied  out on 

the ro le  of RS v i rus  in  human re s p i ra to ry  disease (Beem and others 

I960; Holzel and o thers ,  1965) and i t  is now recognised as the 

major ser ious lower r e s p i ra to ry  t r a c t  pathogen in in fa n ts  under s ix  

months of age and one of the many causes of the "common cold"  in 

a d u l ts .  Important po in ts  which have ar isen from human research are 

th a t  components of the immune system may play a ro le  in the

pathogenesis o f  the disease (Chanock and o the rs ,  1970), th a t

i n f e c t i o n  may take place in the presence of serum ant ibody and tha t  
r e - i n f e c t i o n  i s  probably frequent but may not be associated w i th  

the severe c l i n i c a l  disease seen in some primary i n fe c t i o n s .

Whether or not p e rs is te n t  or l a t e n t  i n f e c t i o n  occurs in the

in d iv id u a l  i s  not ye t  c lea r  and the v i rus  is  thought to surv ive in 

the popu la t ion by repeat,  poss ib ly  inapparent ,  i n f e c t i o n  o f  

p a r t i a l l y  immune adul ts  (Henderson and o thers , 1979).

The f i r s t  i n d i r e c t  evidence th a t  RS v i ru s  or a s e r o lo g ic a l l y  

re la ted  agent could i n f e c t  c a t t l e  came from the observat ion th a t  

some c a l f  sera, when used as a co n s t i tu e n t  o f t i s su e  cu l tu re  

medium, could i n h i b i t  the formation of syncyt ia  by human s t ra in s  of 

the v i rus  (Taylor-Robinson and Doggett , 1963). Later t h i s  f i n d in g  

was inves t iga ted  f u r t h e r  to  determine whether or not the i n h i b i t o r y  

f a c to r  was s p e c i f i c  ant ibody (Doggett and o thers ,  1968). A f te r  

comparing i t s  p ro pe r t ie s  w ith  those of other i n h i b i t o r s  known to  

occur in bovine sera i t  was concluded th a t  i t  was more akin to 
an t ibody,  however, the authors were not prepared to  s ta te  
c a te g o r i c a l l y  th a t  i t  was ant ibody u n t i l  a v i ru s  s e r o lo g ic a l l y



re la ted  to  RS v i ru s  had been iso la te d  from c a t t l e .  They also 

assayed paired sera from 33 c a t t l e  w ith  r e s p i ra to ry  disease of 

unknown ae t io logy  and found s i g n i f i c a n t  r ises in t i t r e  o f RS 

i n h i b i t o r  in three ca lves. This work provided very strong 

c i rcum s tan t ia l  evidence th a t  RS v i r u s ,  or a s e r o lo g ic a l l y  re la ted  

agent,  could i n f e c t  c a t t l e  and suggested th a t  i t  might play a ro le  

in  some cases of r e s p i ra to ry  disease.

Proof o f the existence of RS v i rus  in c a t t l e  v/as f i n a l l y  

achieved in  1970 when a v i r u s ,  s e ro lo g ic a l l y  re la ted  but not 

i d e n t i c a l  to  human RS v i r u s ,  v/as recovered from the

con junct ivo-nasa l  secre t ions of tv/o adu l t  c a t t l e ,  from two separate 
farms each w i th  an acute outbreak of re s p i ra to ry  disease (Paccaud 

and Jacquier ,  1970). The v i rus  was iso la ted  in foe ta l  bovine

kidney c e l l s  and grew s lowly at 37°C with one sub-passage being 

necessary before cy topa th ic  changes were seen. Even a f t e r  several 
passages in t i ssue  cu l tu re  the y i e l d  o f v i rus v/as low and was not 
a l te red  s i g n i f i c a n t l y  by incubat ion  at a lower temperature or an 

increased oxygen tens ion more represen ta t ive  o f  the nasal

passages. Foetal bovine kidney and foe ta l  bovine lung c e l l s  were

found to be equal ly  s e n s i t i v e  to the v i rus  and were thought to be 

s u i ta b le  fo r  i t s  f u r t h e r  s tudy.  When stained with  haemotoxyl in and 

eosin (H&E) the syncyt ia  induced by the re p l i c a t i n g  v i rus  were seen

to  conta in e o s in o p h i l i c  in t ra cy to p la sm ic  inc lu s ion  bodies. Virus

in fec ted  c e l l s  and v i r a l  antigens did not haemadsorb or 

haemagglut inate guinea p ig e ry th rocy tes  and t h i s  served to  
d is t in g u is h  the new v i ru s  from PI3 v i r u s .

The re la t io n s h ip  between v i r a l  i n f e c t i o n  and c l i n i c a l  

re s p i ra to ry  disease on the two farms from which the v i rus  was

recovered seemed c le a r .  Virus was detected by i s o la t i o n  in both 

groups of animals during the acute phase of the disease and
seroconversion occurred between acute and convalescent sera in most 

o f  the animals sampled. Only animals less than seven years old 

were a f fec ted  and those c a t t l e  over two years o ld were most

severe ly  i l l .  The i n i t i a l  c l i n i c a l  signs were dramatic w ith  sudden 

o n se t -o f  pyrex ia ,  nasal discharge and "signs of bronchopneumonia".
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Response to treatment with  co r t isone  and a n t i b i o t i c s  was apparent ly  

good although the more severely  a f fe c ted  animals took some time to  

recover.  None of the people associated with the c a t t l e  had signs 

of r e s p i ra to ry  disease. In a l im i te d  study on the d i s t r i b u t i o n  of 

ant ibody to bovine RS v i ru s  in  a wider popula t ion i t  v/as found tha t  

30% of c a t t l e  sera tested were p o s i t i v e .  Sera from horses were 

negat ive.

Although the authors considered t h e i r  in v e s t ig a t io n s  to have 

shown an assoc ia t ion  between bovine RS v i r a l  i n f e c t i o n  and 

re s p i ra to ry  disease they f e l t  t h a t  i t s  causal ro le  could not be

proven u n t i l  experimental  i n f e c t i o n s  had been ca r r ie d  out.  

However, t h e i r  paper s t imu la ted  i n t e r e s t  in the v i rus  and over the 
next f i v e  years repor ts  appeared from various par ts of the world on 

bovine RS v i ru s  and i t s  assoc ia t ion  with re s p i ra to ry  disease.

Workers in Japan reported an e p izoo t ic  of acute re s p i ra to ry  

disease associated w ith  RS v i r a l  i n f e c t i o n  which had apparent ly  

swept through the is lands of th a t  country between October 1968 and 
A p r i l  1969 (Inaba a id o the rs ,  1970; Inaba and o the rs ,  1972). 

C l in ic a l  signs were dramatic w ith  a sudden onset of pyrex ia ,  nasal 

d ischarge, lachrymation and re s p i ra to ry  d is t re ss  in groups of 

animals. Over 43,000 cases were diagnosed on c l i n i c a l  grounds but 

t h i s  v/as confirmed by v i r a l  i s o l a t i o n  and serology in only three 

a f fe c ted  herds. In these herds there v/as a s i g n i f i c a n t  number of 

séroconversions to  bovine RS v i rus  but not to  o ther  re s p i ra to ry  

v i ruses .  However, when examining sera from c l i n i c a l l y  diagnosed 
cases in  other par ts  o f  Japan i t  was found th a t  al though the

seroconversion rate to bovine RS v i ru s  was high (62% o f  271 pa ired 

sera) there were also s i g n i f i c a n t  numbers of séroconversions to

bovine adenovirus type 7 and, or PI3 v i ru s  in some areas. The case 

f a t a l i t y  rate was low (126,0.23%) but where post-mortem

examinations had been ca r r ie d  out the featu res mentioned were 

"hé p a t isa t ion "  o f  ven tra l  par ts  o f  c ran ia l  lung lobes,  "oedema in 

the lungs" and emphysema. Experimental i n f e c t i o n  of a s ix  month 
old c a l f  w ith  a s t r a i n  o f  bovine RS v i rus  i so la te d  during the 

e p izo o t ic  produced mild  c l i n i c a l  signs s im i la r  to those in the
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m a jo r i t y  of natural  cases. There v/as feve r ,  anorex ia , depression, 

serous nasal discharge and lachrymation. Virus v/as recovered from 

nasal secret ions between days f i v e  and 10 a f t e r  i n f e c t i o n  and the 

t i t r e  o f v i rus  produced reached 10^ .5  TCID50 per ml o f nasal 

se c re t ion .  N eu t ra l is in g  ant ibody appeared in the serum by day 14 

a f t e r  i n f e c t i o n .

In the USA bovine RS v i rus  was recovered from the nasal 

secre t ions of calves w ith  acute re s p i ra to ry  disease (Smith and 

o the rs ,  1975) and was imp l ica ted  by the same authors in  another 

outbreak of r e s p i ra to ry  disease on the basis of se ro log ica l  

f i n d in g s .  Of f i v e  calves which were exper im enta l ly  in fec ted  w ith  

th e :  v i rus  c l i n i c a l  disease was noted only in those with 

p re -e x is t in g  serum ant ibody. Bovine RS v i rus  was also recovered 

from c a t t l e  w ith  re s p i ra to ry  disease in other par ts  of the world 

e .g .  Belgium (Wellemans and o the rs ,  1970), Norway (Odegaard and 

Krogsrud, 1977), Hungary (Koves and Bartha, 1975) and 

Czechoslovakia (Posp is i l  and o the rs ,  1978). The Norwegian paper 

described a r a p id l y  spreading acute re s p i ra to ry  disease 

charac ter ised  c l i n i c a l l y  by py rex ia ,  forced r e s p i r a t i o n ,  coughing, 

nasal discharge and c o n j u n c t i v i t i s .  In some cases there was 

extens ive subcutaneous emphysema. Deaths were rare but when they 

occurred post-mortem examinat ion revealed e p i t h e l i a l  damage in the 
trachea and the bronchi w i th  haemorrhages, bronchopneumonia and 

marked i n t e r s t i t i a l  emphysema. Parainf luenza type 3 v i ru s  was also 

i s o la te d  from two groups o f  animals w ith  t h i s  cond i t ion  but as 

there  was no concomitant seroconversion to  t h i s  v i rus  i t s  presence 
was regarded as i n c id e n t a l .  A nasal swab from one outbreak y ie lded  

bovine RS v i ru s  and examination of sera from "most" cases showed 

seroconversion to  t h i s  v i rus  but not to  other v i ruses .  In view of 

the acute nature of the disease the authors considered th a t  t h i s  

probably represented the f i r s t  i n t ro d u c t io n  of the v i rus  in to  

Norway. S im i la r  c l i n i c a l  and post-mortem f in d in g s  were found in 

the Hungarian repo r t  where the v i rus  was recovered from nasal 

secre t ions  and also from a lymph node of an animal which had been 
s laughtered,  although p re c ise ly  which lymph node was not 
s p e c i f ie d .  On c l i n i c a l  grounds these authors suspected th a t  a
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s im i l a r  syndrome could be caused by PI3 v i rus  and t h i s  observat ion 

h ig h l ig h te d  an area of p o te n t ia l  controversy and d i f f i c u l t y  in 

d i f f e r e n t i a l  d iagnos is .  In Hol land bovine RS v i ru s  v/as considered

to  be the cause o f  a co n d i t io n  known as " Pi nkengri ep" which

l i t e r a l l y  t r a n s la te d ,  means y e a r l i n g  in f luenza  (Holzhauer and van 

Nieuwstadt,  1976). C la s s ic a l l y  t h i s  a f fec ted  y e a r l i n g  c a t t l e  a f t e r  

being housed fo l lo w in g  t h e i r  f i r s t  grazing season and was 

charac ter ised  by sudden onset tachypnoea, hyperpnoea and vary ing 

degrees of r e s p i ra to ry  d is t r e s s .  Fatal cases had pneumonia

in v o lv in g  the c ran ia l  par ts  o f the lung lobes and severe

i n t e r s t i t i a l  emphysema. In some outbreaks there v/as also i n fe c t i o n

w i th  PI3 v i rus  but t h i s  was considered to be an inc id e n ta l  f i n d in g .

Edington and Jacobs (1970) drew the a t te n t i o n  o f  ve te r in a ry  

p r a c t i t i o n e r s  to the probable existence of bovine RS v i rus  in 
c a t t l e  in the U.K. Late r ,  they were able to  repor t  the i s o la t i o n  

o f  the v i rus  from nasal swabs co l le c te d  during an i n v e s t ig a t io n  

i n to  an " e a r l y "  acute outbreak of re s p i ra to ry  disease in  a group of 

14, four  months old calves (Jacobs and Edington, 1971). In t h i s

in c id e n t  the c l i n i c a l  s igns were sudden onset o f  serous nasal 
discharge, pyrexia and tachypnoea. There were no deaths. Paired 

sera from fou r  o f  f i v e  animals sampled showed seroconversion to

bovine RS v i ru s  but not to  PI3 v i r u s .  A g n o to b io t i c  c a l f  was 

succe ss fu l l y  in fec ted  w ith  the v i r a l  i s o la te  and showed a marked 

b iphas ic  pyrex ia .  In a l a t e r  paper by the same authors the

experimental  work was g re a t ly  extended (Jacobs and Edington,

1975). Gno tob io t ic ,  co lost rum-deprived and convent ional calves 

were used and a l l  th ree types were success fu l ly  i n fe c te d  with  the 

v i r u s ,  although not c o n s is te n t l y .  Some showed a c l i n i c a l  response, 

a l b e i t  m i ld ,  and v i rus  was recovered from nasal secre t ions  between 

days fou r  and 10 a f t e r  i n f e c t i o n ,  and from necropsy samples taken 

from various le ve ls  in  the r e s p i ra to ry  t r a c t  up to  day 10. No

i s o la t i o n s  were made from n o n - re sp i ra to ry  t issues  although a wide

range were sampled. In fe c t io n  was poss ib le  in calves with

p re -e x is t in g  serum ant ibody but,  un l ike  Smith and others (1975),
they found no evidence o f  exacerbat ion o f  disease in these 

animals. Nei ther  was the c l i n i c a l  s e v e r i t y  o f disease



a f fec ted  by the dose of v i rus  given, by i t s  passage level  in t i ssue  

c u l tu re  nor by the c e l l  type in which i t  v/as grown. Serum 

n e u t ra l i s in g  ant ibody appeared, in p rev ious ly  sero-negat ive  ca lves, 

between e igh t  and ten days a f t e r  i n f e c t i o n .  Calves were k i l l e d  at 

i n t e r v a l s  a f t e r  i n f e c t i o n  and al though few macroscopic les ions were 

found at post-mortem examination there  were microscopic changes in 

the ep i the l ium  and lamina propr ia  of the r e s p i ra to ry  mucosae. 

Focal areas of degenerat ion and necrosis of e p i t h e l i a l  c e l l s  were 

found in the nasal passages, the trachea and the bronchi .  In some 

cases neu t roph i ls  were seen in the ep i the l ium  and in the lamina 

p ro p r ia .  Mult i  nucleated syncy t ia  were occas iona l ly  seen in the 
lumen o f  bronchio les although the o r ig in s  of these c e l l s  was not 

c le a r .  A lveo la r  les io n s ,  o ther  than col lapse and congest ion, were 

r a re l y  mentioned. In one c a l f ,  k i l l e d  e igh t  days a f t e r  i n f e c t i o n ,  

in t racy top lasm ic  in c lu s io n  bodies were seen in degenerat ing and in 

apparent ly  heal thy e p i t h e l i a l  c e l l s  in the nasal mucosa. At the 

same time v i rus  was recovered from a sample of nasal mucosa, 

however, v i rus  was also recovered from the tracheal  and the 

bronchial  mucosa at t h i s  t ime al though no inc lu s ion  bodies were 
seen at these s i t e s .

The authors concluded th a t  bovine RS v i r a l  i n f e c t i o n  was 

on ly one of poss ib ly  several fa c to rs  which in te rac ted  to produce 

n a tu r a l l y  occurr ing  c a l f  r e s p i r a to r y  disease in the f i e l d .  This 

v/as in view of the mild  nature of disease caused by experimental  

i n f e c t i o n  o f  calves and because the pa tho log ica l  changes which were 

induced were not the same as, or as extensive as, those in  

n a tu r a l l y  occurr ing  re s p i r a to r y  disease.

One experiment performed by these authors was i n t e r e s t i n g

from a comparative p o in t  of view. A g n o to b io t i c  c a l f  v/as 
success fu l ly  in fe c te d  w i th  a human s t r a in  of RS v i ru s .  A mild  

r e s p i ra to ry  i l l n e s s  resu l ted  and the v i rus  was recovered from nasal 

sec re t ions .  This led to  the suggest ion th a t  the human could act as

a re se rvo i r  of  i n f e c t i o n  fo r  the bovine and vice versa. The bovine
i s o la te s  with  which Jacobs and Edington were working showed 

d i f f e r i n g  a b i l i t i e s  to grow in c e l l s  o f  human o r i g i n .  Whereas
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th ree iso la te s  did not grow in c e l l s  derived from a human cerv ica l  
carcinoma one i s o la te  d id .  Paccaud and Jacquier  (1970) had 

d i f f e r e n t i a t e d  bovine and human s t ra in s  of RS v i rus  by the 

i n a b i l i t y  of the former to  grow in  human c e l l s .  Whether t h i s  was 

t rue  fo r  a l l  s t ra in s  was now less c le a r .

The experimental  work of Jacobs & Edington was la rg e ly  

confirmed by Mohanty and others (1975) working in the USA. In one 

o f  t h e i r  calves, k i l l e d  14 days a f t e r  i n f e c t i o n ,  v i ru s  was iso la ted  
from the lung and mu l t i  nucleated g ian t  c e l l s  were present in the 

a l v e o l i .  The o r ig i n  of these c e l l s ,  however, was not c lea r  and 
they did not conta in  in c lu s io n  bodies. Nevertheless, the authors 

considered these c e l l s  to be " c h a r a c te r i s t i c  of bovine RS v i ru s  
m u l t i p l i c a t i o n " .  The same authors also stud ied the e f f e c t  on 

calves of re-exposure to bovine RS v i rus  (Mohanty and o thers ,

1976). Calves challenged i n t r a - n a s a l l y  w ith  the v i rus  f i v e  weeks 

a f t e r  an i n i t i a l  i n t ra -n a sa l  dose of v i rus  were protected from 
c l i n i c a l  disease al though three out of f i v e  became in fe c te d .  The 

durat ion  of v i r a l  shedding in nasal secret ions was reduced and 

p ro te c t ion  appeared to  be re la ted  to  the presence o f  ant ibody in 

nasal secre t ions .  This gave hope th a t  vacc inat ion against disease 
due to  bovine RS v i r a l  i n f e c t i o n  was fe a s ib le .

In a d d i t ion  to  i n v e s t ig a t i n g  i t s  ro le  in r e s p i ra to ry  disease 

several workers had studied the physio-chemical p roper t ies  of 
bovine RS v i rus  ( I t o  and o the rs ,  1973; Inaba and o thers ,  1973; 

Smith and o thers , 1975; Cash and others, 1977; Lehmkuhl and 

o the rs ,  1979). I t  was found to  be a h ig h ly  pleomorphic enveloped 

v i rus  with  a diameter ranging from 80 to 450nm (mean 200nm). On 
the outer sur face o f  the envelope were club-shaped p ro jec t ions  

measuring 13-17nm long by 4-7nm wide and w ith  t h e i r  centres 7-9nm 
apar t .  The envelope i t s e l f  was 7-15nm th i c k  and enclosed 

herringbone-shaped strands of nucleocapsid of diameter l l -15nm. 
I t s  bouyant dens i ty  in caesium c h lo r id e  was 1.225g.cm-^. The v i ru s  

matured by budding from a l te red  c e l l  membrane and i t s  genome was 
probably composed o f  RNA, as there  was no i n h i b i t i o n  of v i r a l  

r e p l i c a t i o n  by 5 - io d o -2 -d e o x y u r id ine.
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Using polyacrylamide gel e lec t rophores is  bovine RS v i ru s  v/as 

found to conta in at l e a s t  s ix  po lypept ides, four major and two 

minor,  when grown in foe ta l  bovine kidney c e l l s .  Two of the major 

polypept ides were g lycosy la ted  (molecular weights 41K and 33K) and 

two were non-glycosy lated (41K and 27K). The minor polypept ides 
(25K and lOK) were non-glycosyl ated. Two iso la te s  of v i r u s ,  

recovered three years apar t ,  had ide n t ica l  polypept ide p r o f i l e s .  

Human RS v i rus  produced a very s im i l a r  po lypept ide p r o f i l e  to  
bovine RS v i rus  when grown in foe ta l  bovine kidney c e l l s  except 
th a t  there was an a d d i t io n a l  non-g lycosy la ted major po lypept ide 

(molecular weight 38K), An analogous polypept ide was detected in 

bovine RS v i rus  preparat ions produced in Madin and Darby bovine 
kidney c e l l s .  No func t ions  were ascribed to any of the 
po lypept ides.

In i t s  physical p roper t ies  bovine RS v i rus  was se n s i t i ve  to  

t r y p s in ,  was ina c t iva te d  by ch loroform, ether  and 0 . 1% sodium 

deoxycholate and was also in a c t iv a te d  by low pH. At 5G*C the v i rus  

t i t r e  decl ined very ra p id ly  but was more stab le  at 4°C and very 

s tab le  at -80^0. Cycles o f  rap id  f reez ing  and thawing had l i t t l e  

e f f e c t  on v i r a l  i n f e c t i v i t y .  Extensive attempts to demonstrate 

haemadsorbing or haemagglut inat ing a c t i v i t y  were unsuccessful .  The 

lack of these a c t i v i t i e s  along w i th  the nucleocapsid diameter and 

se ro log ica l  c h a ra c te r i s t i c s  d is t in g u is h  bovine RS v i rus  from other 

members of the Paramyxoviridae.

Diagnosis of i n f e c t i o n  w ith  bovine RS v i rus  has presented 

problems, la rg e ly  due to  i t s  l a b i l i t y  and poor growth in t i ssue  
c u l tu re  (Wellemans, 1977). Rapid development o f ant ibody in 

in fec ted  animals was thought to n e u t ra l i se  in fe c t io u s  v i rus  in  
nasal secret ions and lung t issue  even though the appearance of 

n e u t ra l i s in g  ant ibody in serum was, in f a c t ,  slow (Wellemans and 

Leunen,1975). Mohanty and others (1976) emphasised the importance 

of in o cu la t in g  c e l l  cu l tu res  soon a f t e r  sampling and p re fe rab ly  

w i thou t  f reez ing  and thawing the sample. Jacobs and Edington 

(1975) thought i t  v i t a l  to  use f u l l y  suscept ib le  c e l l s  and 

p re fer red  bovine t e s t i c l e  c e l l s ,  however, i so la te s  have been
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recovered in a wide range of ce l l  types e.g. foe ta l  c a l f  kidney 

(Paccaud and Jacquier,  1970; Inaba and o thers ,  1970) secondary 

c a l f  lung (Jacobs and Edington, 1975) and bovine tu rb in a te  

(Odegaard and Krogsrud, 1977). Using d i f f e r e n t  temperatures of 

incubat ion  (37°C and 33*C) and high and low oxygen tensions has not 

provided c lea r  evidence as to  which c u l tu re  cond i t ions  are best 

(Rosenquist,  1974). Thomas and S to t t  (1981) used immunofluorescent 

s ta in in g  of c e l l s  in nasal secre t ions to detect v i r a l  an t igen.  The 

re s u l t s  were comparable w ith  v i rus  i s o la t i o n  in exper imenta l ly  

in fe c te d  ca lves, however, problems with non -spec i f i c  s ta in in g  

detracted from the value of the t e s t .  They used a s im i l a r  

technique on frozen sect ions o f  pneumonic lung from calves which

had died in natura l  outbreaks of disease and considered th a t  t h i s  

technique, in combination w ith  sero logy, to  be the methods of 

choice fo r  f i e l d  i n v e s t ig a t i o n s .  However, immunofluorescence 

s ta in in g  of lung t i s s u e  is  only  app l icab le  when dead animals are 
a v a i la b le .  Wellmans (1977) found th a t  diagnosis could be based on 

serum samples taken in the i n i t i a l  stages of the disease i f  50% or 

more of the a f fec ted  animals had CF ant ibody. Most se ro log ica l  

i n v e s t ig a t i o n s ,  however, have been based on paired sera, one being 

taken during the i n i t i a l  stages of the outbreak and another three 

to  four  weeks l a t e r .

At t h i s  stage, al though much work had been done, several 

important quest ions remained to be answered. Most in v e s t ig a to rs

had no doubt th a t  bovine RS v i r a l  i n f e c t i o n  was associated with

re s p i ra to ry  disease al though the exact nature of the assoc ia t ion  
was unclear.  Some natura l  i n f e c t io n s  had been associated with  

severe c l i n i c a l  signs and even death, however, most in fe c t io n s  were 

mild  and n o n - fa ta l .  Most o f  the deaths were thought to  be due to  

secondary b ac te r ia l  i n f e c t i o n  but other  cases were 

b a c te r io lo g ic a l  l y  s t e r i l e  (Holzhauer, 1978) and Wellemans ( 1977) 

suggested th a t  h y p e r s e n s i t i v i t y  react ions could play a par t  in the 

pathogenesis o f the disease. The assoc ia t ion  of the v i rus  w i th

disease was based la rg e ly  on evidence gained from the in v e s t ig a t io n  

o f  outbreaks of disease, al though few s p e c i f i c  outbreaks had been 

reported in d e t a i l .  A temporal assoc ia t ion  had been shown between
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i n f e c t i o n  with  the v i rus  and the presence of c l i n i c a l  re s p i ra to ry  

disease. I t  was pointed ou t ,  however, th a t  the s ig n i f i c a n c e  of 

these observat ions was d i f f i c u l t  to i n t e r p r e t  as the d i s t r i b u t i o n  

o f  the v i rus  in healthy animals was la rg e ly  unknown (S to t t  and 

o the rs ,  1978). By r o u t i n e l y  sampling animals passing through a
beef progeny t e s t i n g  s ta t i o n  these authors showed th a t  a 

s i g n i f i c a n t l y  greater  number of bovine RS v i r a l  in fe c t io n s  were 
detected during outbreaks of r e s p i ra to ry  disease than at o ther

t imes. An in te re s t in g  f in d in g  was th a t  i n f e c t io n  could be detected
on more than one occasion in the same animal.  I t  was suggested

th a t  t h i s  might represent e i t h e r  r e - i n fe c t i o n  o r ,  poss ib ly ,  

p e rs is te n t  i n f e c t i o n  in a p ropor t ion  of i n d i v id u a ls .  Pe rs is ten t  

i n f e c t i o n  was suggested as the source of v i rus  in an outbreak of 
r e s p i ra to ry  disease in  a group of three months old calves which had 

been iso la te d  from other c a t t l e  at 10 days of age (Thomas and 

o the rs ,  1980). I n d i re c t  or d i r e c t  i n f e c t io n  via people a t tend ing 

the calves was thought u n l i k e l y  but v/as not s p e c i f i c a l l y  ru led 

out.  In Canada r e a c t i v a t io n  of a " l a t e n t "  i n f e c t i o n  due to  the 

" s t re ss "  of movement was suggested as the source of v i rus  in one 

disease outbreak (E l 'zh a ry  and o th e rs ,  1982). I n - v i t r o  experiments 

have shown th a t  p e rs is te n t  i n f e c t i o n  may be estab l ished in cu l tu res  
o f  bovine c e l l s  ( S to t t  and o th e rs ,  1977), however, t h i s  phenomenon 

has not ye t  been shown to occur in - v i v o .

More recent work in the U.K. has strengthened the 

assoc ia t ion  of RS v i rus  w ith  r e s p i r a to r y  disease in d i f f e r e n t  par ts  

o f  the country .  In Northern I re land a comprehensive i n v e s t ig a t io n  

i n to  34 outbreaks o f  indoor c a l f  pneumonia, occurr ing  during the 

w in te r ,  revealed bovine RS v i r a l  a c t i v i t y  in 11 on sero log ica l  

evidence (Bryson and o the rs ,  1978a; 1978b). Four o f  these

outbreaks had a c h a r a c t e r i s t i c  c l i n i c a l  presenta t ion with  dyspnoea 

being a prominent sign (Bryson and o the rs ,  1979a). S im i la r  gross 

and microscopic pa tho log ica l  fea tu res were recorded in s ix  animals 
w i th  dyspnoea which had e i t h e r  died or been s laughtered. These 

comprised pneumonia in v o lv in g  the c ran ia l  parts  of the lung lobes 

and severe i n t e r s t i t i a l  emphysema with bu l la  formation in the 

caudal lobes. H i s t o l o g i c a l l y  there was b r o n c h i o l i t i s  and
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a l v e o l i t i s  w ith  e p i t h e l i a l  syncy t ia  conta in ing  e o s in o p h i l i c  

in t racy top lasm ic  in c lu s io n  bodies. Parainf luenza type 3 v i rus  was 

iso la te d  from a l l  of the lungs examined and in three of the four  

outbreaks a s i g n i f i c a n t  p ropor t ion  of the in -c o n ta c t  calves 

seroconverted to t h i s  v i r u s .  In three outbreaks there was 

seroconversion to  bovine RS v i rus  and in the fo u r th  the i n i t i a l  
serum t i t r e s  were high. This syndrome resembled cases of acute 

r e s p i r a to r y  disease associated with  bovine RS v i r a l  In fe c t io n  which 

had been reported from the Netherlands (Holzhauer and van 

Nieuwstadt,  1976) and which had been given the name "P inkengr iep" .  

Here, i n f e c t i o n  w i th  PI 3 v i ru s  was regarded as an inc iden ta l  

f i n d in g  in such cases (Holzhauer, 1978). However, Bryson and h is  

col leagues were more caut ious and concluded th a t  the r e la t i v e  

importance o f  these two vi ruses in producing the severe lung damage 

noted in t h e i r  cases was unclear.

In Scotland an outbreak of acute fa ta l  pneumonia in housed 

suckled calves was a t t r i b u t e d  to  bovine RS v i r a l  i n f e c t i o n  alone 

( P i r i e  and o thers ,  1981a). The gross and h is topa tho log ica l  

featu res of animals which died or were slaughte rerd  during the 

f i r s t  week of the outbreak were s im i la r  to those described in 

Northern I re land ,  however, no evidence of i n f e c t i o n  w i th  PI3 v i rus  

was found. F i f teen  of 19 calves sampled had r i s i n g  t i t r e s  of 

ant ibody to  RS v i rus  and nine o f  these were f o u r - f o l d  or g rea te r .  

No v iruses were i s o la te d ,  but the samples had been stored at -70°C 

before being tes ted .  Six weeks a f t e r  the acute phase seven ca lves, 

some of which had been s e r io u s ly  i l l ,  were obtained fo r  

pa tho log ica l  and m ic ro b io lo g ica l  examinat ion. In some of these 

animals there were moderately extensive pneumonic les ions but no 

i n t e r s t i t i a l  emphysema. M ic rosco p ica l ly  the les ions were e i t h e r  

b r o n c h i o l i t i s  o b l i te ra n s  or a lymphocyt ic b r o n c h i o l i t i s  as seen in 

" c u f f i n g  pneumonia" ( J a r r e t t  and o the rs ,  1953). I t  was not c le a r ,  

however, whether these les ions represented sequelae to the v i r a l  

i n f e c t i o n  or the development o f  a separate pneumonia.

The p u b l i c a t io n  of t h i s  paper led to  a controversy which 

probably character ises the d i f f e r i n g  views held on c a l f  re s p i ra to ry
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disease. Pr i tchard  and Edwards (1981) objected to the outbreak 

apparent ly  being a t t r i b u te d  s o le ly  to one micro-organism w i thou t  

apparent ly  tak ing in to  account other possib le fac to rs  such as 
"s t re ss "  and in te r c u r r e n t  i n f e c t i o n .  They also disagreed th a t

bovine RS v i rus  per se could cause fa ta l  re s p i ra to ry  disease on the 

grounds th a t  experimental  i n f e c t i o n s  were mild  and th a t  the

su rv iva l  rate from natura l  i n f e c t i o n  was high. Their  view was th a t  
bovine RS v i rus  was but one fa c to r  in  a "mu l t i  f a c t o r i a l  causal web" 

and could not be considered to be a cause of r e s p i ra to ry  disease on 

i t s  own. P i r ie  and others (1981b) re p l ie d  saying th a t  w h i l s t  other  

fa c to rs  may have con t r ibu ted  to the outbreak these should not be 

overemphasised as, on the basis of t h e i r  i n v e s t ig a t io n s , th e  pr imary 

les ions  which resu l ted  in the pneumonia, and the re fo re  the disease, 

were due to i n f e c t i o n  of pulmonary c e l l s  with bovine RS v i rus  and 

in  th a t  sense i t  could be ca l led  the cause of the disease. This 

did not imply th a t  the pathogenesis o f t h i s  i n f e c t i o n  was

completely understood.

Recently extensive pneumonia and severe c l i n i c a l  re s p i ra to ry  

disease has been produced by the experimental  i n f e c t i o n  of young 

calves w ith  bovine RS v i ru s  (Bryson and o thers ,  1982). In one of 

the calves there  was i n t e r s t i t i a l  emphsysema w ith  b u l la  fo rmation

in  the caudal lung lobes. The authors concluded th a t  t h i s  
experiment proved th a t  a t lea s t  c e r ta in  s t ra in s  o f  bovine RS v i rus  

are per se important re s p i ra to ry  t r a c t  pathogens in young c a t t l e .

There seems no doubt th a t  bovine RS v i rus  can be an 

important r e s p i ra to ry  pathogen in calves in the U.K. al though the 

epidemiology and pathogenesis o f the i n fe c t i o n  are not f u l l y  

understood and the scale o f  the problem which i t  causes nat ionwide 

is  not known. I t s  i n te ra c t io n s  w ith  other  micro-organisms involved 

in  re s p i ra to ry  disease have not ye t  been f u l l y  explored nor have 

the sequelae to v i r a l  i n f e c t i o n .

PARAINFLUENZA TYPE 3 VIRUS

In 1959 in the USA a v i rus  was iso la te d  from the nasal mucus
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of  two calves w ith  an acute re s p i ra to ry  disease, known c o l l o q u i a l l y  
as "shipp ing fever"  (Reis inger and o thers ,  1959). In t i s su e  
c u l tu re  i t  produced syncyt ia  which on s ta in ing  w ith  H&E contained 

e o s in o p h i l i c  in t ra cy to p la sm ic  and in t ra n u c le a r  inc lu s ion  bodies. 

In fec ted c e l l s  adsorbed guinea pig e ry th rocytes and prepara t ions of 
v i r a l  antigens agg lu t ina ted  guinea p ig ,  bovine and human type 'O' 

e ry th rocy tes .  S e ro lo g ic a l l y  the v i rus  was i d e n t i c a l  to human 
s t ra in s  o f  PI3 v i rus  and was considered to be a bovine s t r a in  o f 

t h i s  v i r u s .  I t  was designated s t r a in  SF4 and ant ibody to the v i rus  

was assayed using a h a e m a g g lu t in a t io n - in h ib i t io n  (HAI) t e s t .  

Non-spec if ic  i n h i b i t o r s  of haemagglut inat ion were found in some 
bovine sera and these were removed or reduced by pre- t reatment  of 

the sera with receptor  destroying-enzyme (RDE) derived from V ib r io  
cholerae.

At t h i s  t ime the group o f  re s p i ra to ry  diseases to  which 

most a t te n t io n  was being devoted in the USA was the "shipping 
fe ve r "  complex, a co n d i t io n  associated with  a v a r ie t y  o f 

a e t i o lo g ic a l  fac to rs  and agents the sum to ta l  of  which led to  an 

acute re s p i ra to ry  disease which could be f a t a l .  At post-mortem 

examination of animals which had died there was o ften a f ib r in o u s  

pneumonia and p le u r i s y  associated w ith  in f e c t i o n  w ith  Pasteure l1 a 

sp, p a r t i c u l a r l y  P.haemoly t ica . Shipping fever cases were often 

associated w ith  movement of c a t t l e  in to  fe e d lo ts .  Experimental 

i n f e c t i o n  of suscept ib le  calves w ith  Pasteure l1 a sp. f a i l e d  to 
reproduce severe disease c o n s is te n t l y  and t h i s  led to the 

suggest ion th a t  other  agents could be invo lved. Fol lowing the 

I s o la t i o n  o f  PI3 v i rus  from c l i n i c a l  cases o f  t h i s  acute 

r e s p i ra to ry  disease in tens ive  e f f o r t s  were made to inve s t ig a te  the 

par t  which PI3 v i rus  might play in re s p i ra to ry  diseases of the 

bovine. Experimental in fe c t io n s  of suscept ib le  calves w ith  North 
American s t ra in s  o f  the v i r u s ,  when successful ,  only produced a mi ld 

c l i n i c a l  response (Reis inger and o thers ,  1959; Gale and King, 

1961). In view of the assoc ia t ion  o f  natura l  r e s p i ra to ry  disease 

w i th  cond i t ions  thought to be " s t r e s s f u l "  to animals; e.g . 

movement over long d is tances ,  sudden changes in  environmental 

temperature, d e p r iva t ion  of food and water and mixing with  other
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animals ; attempts were made to  ca r ry  out experimental  i n fe c t io n s  

w i th  PI3 v i rus and Pasteure l la  spp. under cond i t ions  of " s t r e s s " . 

Hamdy and others (1963) subjected calves to a 70°F temperature 

change from 104*F down to  34*F and found th a t  i n f e c t i o n  w i th  PI3 

v i ru s  and Pasteure l la  spp. under these condi t ions produced more 
severe disease than when the animals were not "s t ressed" .  The 

re s u l t s  of many s im i l a r  experiments led workers in the USA • to 

be l ieve  th a t  PI3 v i r a l  i n f e c t i o n  per se was not a serious c l i n i c a l  

problem and th a t  severe re s p i ra to ry  disease was only produced when 
several adverse fac to rs  such as "s t re ss "  and in f e c t i o n  with  other  

micro-organisms were combined.

In the UK PI3 v i ru s  was f i r s t  recovered from the t o n s i l s  of 

two of an apparent ly  heal thy group of calves which were being 

screened fo r  cytopathogenic agents (Dawson and Cruickshank, 1963). 

The s t r a in  of v i rus  i s o la te d ,  designated Tl s t r a i n ,  was 

s e r o lo g ic a l l y  in d is t in g u is h a b le  from the American SF4 s t r a i n  and 

produced syncyt ia  w ith  e o s in o p h i l i c  1ntracytop lasmic  and 

in t ra n u c le a r  in c lu s io n  bodies in in fec ted  ce l l  c u l tu re s .  Cel ls of 

bovine, porcine and human o r ig i n  were suscept ib le  to  v i r a l  

i n f e c t i o n .  Four other calves in the group had r i s in g  HAI ant ibody 

t i t r e s  to  the v i r u s .  No re s p i r a to r y  disease was not iced in these 

calves but paired sera from some natura l  outbreaks of acute 

re s p i ra to ry  disease showed seroconversion to the v i r u s .

The physical and chemical p rope r t ies  of the v i rus  were 

s tud ied (Dawson, 1964) and i t  was found to measure approximate ly 

80-130nm diameter w ith  some smalle r  p a r t i c le s  40nm diameter .  The 
envelope of the v i rus  was 15nm th i c k  and i t s  external surface was 

studded w ith  p ro je c t in g  sp ikes. The in te rn a l  mater ia l  was a 

h e l i c a l  s t ru c tu re  w ith  a hollow core and an external  diameter of 

about 127nm. The v i rus  was s e n s i t i v e  to  e ther .  In fected t issue  

c u l tu re  c e l l s  adsorbed guinea pig ery th rocytes and preparat ions of 

v i r a l  ant igens agg lu t ina ted  guinea p ig ,  bovine and fowl 

e ry th ro cy te s .  More recent work by Shibuta and others (1979) found 

th a t  bovine ?I3 v i rus  had a bouyant dens i ty  o f  1.197g.cm-3 and was 

s t r u c t u r a l l y  composed of th ree p ro te ins  (P I ,  P2 and P3) and two
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g lycop ro te ins  (GPl and GP2). The molecular weights of these were 

79K (P I ) .  68K (P2), 35K (P3), 69K (GPl) and 55K (GP2). By analogy 

w i th  Sendai v i ru s  GP2 was thought to be responsib le  fo r  c e l l  

fu s i  on.

Dawson (1953) was able to  show th a t  the substance in bovine 

serum which i n h ib i t e d  haemagglut inat ion by PI3 v i ru s  was in fa c t  
ant ibody and found no s i g n i f i c a n t  leve ls  o f  n o n -sp e c i f i c  i n h i b i t o r  

in any of the sera tes ted .  This was at var iance w ith  the re su l ts  

o f  Rei s inger  and others (1959) but in agreement with those o f  

Bakos and D in te r  (1960)and Ket le r  and others (1961). Using the HAI 

te s t  sera from 2000 c a t t l e  o f  var ious ages in  England and Wales 

were screened fo r  ant ibody to  PI3 v i rus  (Dawson and Derbyshi re, 

1964). A to ta l  o f  1672 (83.6%) had a t i t r e  o f  32 or g re a te r .  This 

high p ropor t ion  of p o s i t i v e s  agreed with  surveys in the USA 

(Abinant i  and o the rs ,  1961; Kramer amd o the rs ,  1963). Antibody 

t i t r e  and frequency o f  p o s i t i v i t y  increased with  age suggest ing

continued re-exposure to  i n f e c t i o n .  No d i f fe rences  were noted in 

the number of a n t ib o d y -p o s i t i v e  animals from d i f f e r e n t  areas of the 

country  al though there  were d i f fe rences  in  geometr ic mean t i t r e .  

The authors concluded th a t  i n f e c t i o n  was widespread in England and 

Wales, although at t h i s  t ime only one i s o la te  had been recovered. 

In view of the mi ld  nature of the experimental  disease reported by 

o ther  workers they suggested th a t  natural  i n f e c t i o n s  would be 
d i f f i c u l t  to detect c l i n i c a l l y .  They considered the v i rus  to be 

most important as a predisposing fa c to r  to ser ious re s p i ra to ry  
t r a c t  damage in disease outbreaks and the re fo re  th a t  the period of 

v i r a l  shedding would probably be over by the t ime the disease was 
thought ser ious enough to  be inve s t ig a te d .

This view was supported by the re s u l t s  o f  t h e i r  own

experimental  i n f e c t i o n s  using the Tl s t r a in  o f  PI3 v i rus  (Dawson 

and o thers , 1964; Dawson and o thers ,  1965). In one experiment

v i ru s  was given by in t ra -n a sa l  and i n t r a - t r a c h e a l  in o c u la t io n  to

each o f  s ix  ca lves. Two ca lves, w ith  serum HAI ant ibody t i t r e s  

g rea ter  than 32, did not respond c l i n i c a l l y  or s e r o lo g ic a l l y  

whereas four  co lost rum-deprived ca lves, w ith  no detectab le  serum
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HAI ant ibody, had mild  signs of r e s p i ra to ry  disease and responded 
s e r o lo g i c a l l y .  The calves became pyrex ic  w ith  coughing and a 

mucoid nasal discharge. Virus was recovered from t h e i r  nasal 

secre t ions fo r  up to  12 days a f t e r  i n f e c t i o n .  The v i rus  was also 

i so la te d  from the blood of three calves between three and f i v e  days 

a f t e r  i n f e c t i o n .  Those animals which were allowed to  l i v e  beyond 

day s ix  responded s e r o lo g i c a l l y .  At post-mortem examinat ion, on 

days four  and seven a f t e r  i n f e c t i o n ,  les ions were seen only in the 

lungs with  considerable areas of conso l ida t ion  in  the c ran ia l  
lobes, the middle lobe and in the c ran ia l  par ts  of the caudal 

lobes. Microscopical l y  there  v/as b r o n c h i o l i t i s  and a l v e o l i t i s  w ith  

p r o l i f e r a t i o n  and necros is  o f e p i t h e l i a l  c e l l s .  Eos inoph i l i c  

i n t racy top lasm ic  in c lu s io n  bodies were seen in b ronch io la r  and 

a lv e o la r  e p i t h e l i a l  c e l l s  and there v/as i n f i l t r a t i o n  of the a lv e o l i  

w i th  polymorphonuclear and mononuclear c e l l s .  The pa tho log ica l  
changes seen at t h i s  stage were s im i la r  to  those described in 

" in c lu s io n  body pneumonia" ( J a r r e t t ,  1954). Add it iona l  features at 

day seven were syncy t ia  in the a lv e o la r  spaces and e o s in o p h i l i c  

i n t ra n u c le a r  inc lu s ion  bodies in a few b ronch io la r  and a lve o la r  

e p i t h e l i a l  c e l l s .  Ai t h i s  t ime the c e l l u l a r  i n f i l t r a t e  was less 

marked and consisted mainly of macrophages.

In sp i te  of the extensive lung pathology produced by the Tl 

s t r a i n  in some of the experimental  calves the c l i n i c a l  signs o f  

r e s p i r a to r y  disease had been mild  suggest ing th a t  other  fac to rs  
needed to be present before severe disease was produced. However, 

o ther  workers in the U.K. reported an outbreak of re s p i ra to ry  

disease in housed calves in which there were f a t a l i t i e s ,  apparent ly  

due to  the e f fe c t s  of PI3 v i r u s  alone (Betts and o the rs ,  1954). 

The calves were bought- in  as a group and f i v e  died over a period o f  

th ree  weeks. The disease spread to other  bought- in calves on the 

same farm which had m i lde r  c l i n i c a l  s igns. A n t i b i o t i c  treatment 

apparent ly  had no s i g n i f i c a n t  b e ne f ic ia l  e f f e c t  on the course of 
the disease with  the most severely  a f fec ted  calves dying w i th in  

seven to  21 days of f i r s t  showing c l i n i c a l  s igns. At post mortem 

examination there was extensive  lung conso l ida t ion  in  the c ran ia l  

and middle lobes and c ra n io -ve n t ra l  parts  of the caudal lobes. On
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sec t ion ing  the lung there was evidence of necrosis and 

abscessat ion. M ic roscop ica l ly  the p r in c ip a l  changes were acute 

inf lammation with  evidence of e p i t h e l i a l  damage. Bronch io la r  and 

a lve o la r  e p i t h e l ia  were h yp e rp la s t i c  w ith  focal areas of necros is .  

Some e p i t h e l i a l  syncy t ia  were present in bronchioles and a lv e o l i  

and a few of these contained e o s in o p h i l i c  in t racy top lasm ic  

in c lu s io n  bodies. Parainf luenza type 3 v i ru s  was iso la ted  from the 
lungs o f  two dead calves and A c t in o b a c i l lu s  ac t ino ides  v/as also 

i s o la te d  from two calves.

One i s o la te  of PI3 v i r u s ,  designated J121 s t r a i n ,  v/as used 

to  i n f e c t  hysterotomy-derived co lost rum-deprived calves (Omar and 

o thers ,  1966). The type of experimental  c a l f ,  t i t r e  o f v i rus  and 

route o f  in o cu la t io n  were s im i l a r  to those used by Dawson and 

others (1965), however, the c l i n i c a l  response seemed to  be more 

severe with  a markedly increased re s p i ra to ry  ra te  and e f f o r t .  

Calves inocu lated w i th  PI3 v i r u s  and A .a c t in o ides had no more 

severe disease than those rece iv ing  v i rus  alone. At f i v e  days 

a f t e r  i n f e c t i o n  the h is t o lo g ic a l  changes in the lung were s im i la r  

to  those produced by Dawson and others (1965). However, e p i t h e l i a l  

syncytium formation was more marked. Syncytia were thought to 

r e s u l t  from fus ion of e p i t h e l i a l  c e l l s ,  as opposed to  

p r o l i f e r a t i o n .  The presence of v i ru s  in the lung, as determined by 

v i rus  i s o l a t i o n ,  co r re la te d  w ith  the presence of in c lu s io n  bodies 

and e p i t h e l i a l  syncy t ia .  At seven days post i n f e c t i o n  these 

fea tures  were no longer present and v i rus  could not be recovered. 

Macrophage syncyt ia  were present at day seven but these were not 

attached to the ep i the l ium  and were morpho log ica l ly  d i s t i n c t  from 

e p i t h e l i a l  syncy t ia .  The conclusion drawn from these experiments 
was th a t  the 3121 s t r a i n  could be an important pathogen per se , 

o ther  fac to rs  not being necessary to  cause marked c l i n i c a l  disease.

Reports o f r e s p i ra to ry  disease a t t r i b u te d  to  PI3 v i ru s  also 

came from other par ts  o f  the wor ld . In Canada pa tho log ica l  

f in d in g s  s im i la r  to  those a lready described were reported in two 

calves and PI3 v i r a l  i n f e c t i o n  was confirmed by the de tec t ion  of
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v i r a l  ant igen in fo rma l-sa l  1 ne f ixe d  lung by immunofluorescence 

( J o l l y  & D i t c h f i e l d ,  1955). In the USA a pneumo-enter i t i s  syndrome 

in  a 36 hour old c a l f  was associated w ith  PIS v i r a l  i n f e c t i o n  and 

experimental  evidence was c i te d  th a t  the v i rus  could cause 
d iarrhoea (Hamdy, 1966). In New Zealand the v i rus  was associated

with an upper re s p i r a to r y  t r a c t  disease in a group o f  18 months old 

b u l l s  (O l ive r  and o thers ,  1976). Virus was recovered from the 
stomach contents of an aborted foetus in the USA (Sa t ta r  and 

o thers ,  1965) and was im p l ica ted  as a cause of abor t ion  a f t e r  

experimental  foe ta l  i n f e c t i o n  (S a t ta r  and o thers ,  1967; S w i f t ,  

1973). In a survey of mater ia l  received at a d iagnos t ic  labo ra to ry  
in  Denmark PI3 v i rus  was recovered from two o f  50 pneumonic c a l f  

lungs (B i tsch and o thers ,  1976). In other  parts  o f  Europe PI3 

v i r a l  in fe c t io n s  were recorded in outbreaks of r e s p i ra to ry  disease 

al though the s ig n i f i c a n c e  of these f ind ings  was thought to be 

unclear and the v i rus  was not thought to be a pathogen o f  major 

importance (Wellemans, 1977; Holzhauer, 1978).

In the U.K. the controversy as to the ro le  of P I3 v i ru s  in 

c a l f  r e s p i ra to ry  disease cont inued. Sero log ica l  evidence 

impl ica ted  the v i rus  in  an outbreak of re s p i ra to ry  disease in which 

the most s i g n i f i c a n t  fea tu re  was a gradual increase in the 

frequency of coughing over a period of four  weeks (Dawson and 

o the rs ,  1966). Other r e s p i r a to r y  pathogens, Mycoplasma bovis and 

Pasteure l1 a sp. were also present and could have in f luenced the 

s e v e r i t y  of the disease. Gourlay and others (1970) were unable to 
record any i s o la t i o n s  of v i ru s  from 65 pneumonic lungs, nor were 

they able to  demonstrate in c lu s io n  bodies by h is to pa tho lo g ica l  
techniques. A few years l a t e r  Thomas (1973) inves t iga ted  27 

outbreaks o f  " v i ru s  pneumonia" and concluded th a t  he could f in d  no 

s i g n i f i c a n t  leve ls  o f v i r a l  a c t i v i t y  in any. Parainf luenza type 3 

v i rus  was i so la te d  from nasopharyngeal swabs taken in f i v e  of the 

outbreaks and in one in c id e n t  f i v e  of s ix  animals sampled showed 

seroconversion to  the v i r u s ,  however, i t  was f e l t  th a t  these 

f i n d in g s  could have been co inc iden ta l  and not necessa r i ly  re la ted  
to  the disease present.  No les ions  suggestive o f  v i r a l  i n f e c t i o n  

were found in the lungs of nine animals which had died during the
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outbreaks, nor in seven which had acute lower re s p i ra to ry  t r a c t  

disease and were s laughtered before trea tment .  Bacter ia were 

i s o la te d  in large numbers from pneumonic lung and most outbreaks of 

disease appeared to  respond to  a n t i b i o t i c  therapy. I t  was f e l t  

t h a t  the weight o f evidence was against the ro le  of v i ruses ,  
inc lu d in g  PI3, in  acute lower re s p i ra to ry  t r a c t  disease.

As a r e s u l t  o f  an in te ns ive  ep idemio logica l survey of 

re s p i ra to ry  v i r a l  in fe c t io n s  occurr ing  in groups of ca lves, aged 
between 10 days and 18 months o ld ,  passing through a beef progeny 

t e s t i n g  s ta t io n  i t  was found th a t  PI3 v i r a l  i n f e c t i o n  v/as 

s i g n i f i c a n t l y  associated w ith  r e s p i r a to r y  disease (S to t t  and 

o thers ,  1980). In the authors experience, however, experimental  

in fe c t io n s  with t h i s  v i rus  were asymptomatic (Thomas and o thers ,  

1977) al though they acknowledged th a t  t h i s  may have been due to 

inappropr ia te  experimental  cond i t ions  and did not feel i t  should be 

taken as strong evidence against the causal ro le  of the v i r u s .  

They suggested th a t  a more appropr ia te  te s t  o f pa thogen ic i ty  would 

be to vaccinate calves against the v i rus  fo l lo w ing  which one would 
expect a reduct ion i i  the incidence of re s p i ra to ry  disease. Using 

an in a c t iva te d  vaccine, at a dose regime which had been shown to 

p ro te c t  a high p ropor t ion  of calves against  experimental  i n f e c t i o n  

(Probert and o thers ,  1978), a vacc ina t ion  experiment was ca r r ied  

out on the same beef progeny te s t i n g  s ta t io n  over two w in te rs .

Although the frequency of i n f e c t i o n  w ith  PI3 v i ru s  was reduced in 
the vaccinates as compared w ith  contro l  calves there was no 

s i g n i f i c a n t  reduct ion in the incidence of r e s p i r a to r y  disease.
(S to t t  and o thers ,  1978),

A l lan  and others (1978) described some features of a na tu ra l  

i n f e c t i o n  w i th  PI3 v i r u s  in  a group of 25 ca lves. Virus was 

is o la te d  from the lungs of fou r  calves at post mortem examination 

and e o s in o p h i l i c  in t racy top lasm ic  inc lus ion  bodies were found in 
the b ro nch ia l ,  the b ro nch io la r  and the a lve o la r  ep i the l ium of two

o f  them. Gross lung les ions in the v i r u s - p o s i t i v e  calves were
l im i te d  in extent and were present in the c ran ia l  and the middle 

lobes on ly .  M ic roscop ica l ly  there was b r o n c h i o l i t i s  and a l v e o l i t i s
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but syncyt ia  were not seen. Inc lus ion  bodies seen by s ta in in g  w i th  

H&E corresponded to  v i r a l  nucleocapsid as v isua l ised  in the 

e lec t ron  microscope. C l in ic a l  signs of re s p i ra to ry  disease were 
mild  and sporadic over the period of observat ion. Despite the fa c t  

t h a t  PI3 v i rus  appeared to  be present in the group fo r  at l e a s t  56 
days on ly  two animals showed a s i g n i f i c a n t  increase in serum HAI 

ant ibody t i t r e .

In a d e ta i le d  m u l t i d i s c i p l i n a r y  i n v e s t ig a t io n  in to  47 

outbreaks of r e s p i ra to ry  disease in housed calves in Northern 

I re la n d ,  PI3 v i r a l  i n f e c t i o n  was detected in 11 outbreaks (Bryson 

and o the rs ,  1978a; 1978b). In only f i v e  of these was there
seroconversion to  the v i r u s .  In some calves obtained fo r  

pa tho log ica l  examination there was h is t o lo g ic a l  evidence o f  v i r a l  

i n f e c t i o n  with  e o s in o p h i l i c  i n c lu s io n  bodies in e p i t h e l i a l  c e l l s  

and a lve o la r  e p i t h e l i a l  hyperp las ia .  Four outbreaks had evidence 

o f  dual i n f e c t io n  with  PI3 v i ru s  and RS v i rus  and were described 

separa te ly  (Bryson and o the rs ,  1979a).

As a fo l lo w  up to  these in v e s t ig a t io n s  13, two to four  weeks

o ld  colostrum deprived calves were in fec ted  w ith  one of the s t ra in s  

o f PI3 v i rus  (Bryson and o the rs ,  1979b). Moderately severe 

c l i n i c a l  re s p i ra to ry  disease and pneumonic les ions were produced in 
most animals. Inocu la t ion  was v ia  the in t ranasa l  route but a 

s i g n i f i c a n t  change from previous experiments was th a t  repeated 

doses were given over fo u r  days. This,  the authors f e l t ,

reproduced natural  exposure more accura te ly  than a s ing le

in o c u la t io n  o f  v i r u s .  A low passage s t r a in  o f  v i rus  was used to  

minimise the chances of a t tenua t ion  by repeated growth in t i ssue  

c u l t u r e .  The development o f  the pulmonary les ions was fol lowed and 

v i r a l  damage to the r e s p i r a to r y  ep i the l ium and i t s  subsequent 

r e p a i r ,  were descr ibed; e p i t h e l i a l  syncyt ia  were present between 

days seven and 10 a f t e r  i n f e c t i o n  but were never numerous.

The evidence th a t  PI3 v i r u s  is  a serious pathogen in the 

U.K. has long been regarded as c o n t r o v e r s i a l . Early  work by Dawson 

and o thers , (1965) suggested th a t  i t  was a predisposing fa c to r  in
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outbreaks o f  r e s p i ra to ry  disease ye t  Omar and others (1965) 

regarded i t  as an important pathogen per se. More re ce n t ly  
ep idemio logica l evidence showed an assoc ia t ion  between i n f e c t i o n  

and re s p i ra to ry  disease (S to t t  and o the rs ,  1978) ye t  vacc ina t ion  of 

animals against PI3 v i r a l  i n f e c t i o n  did not reduce the ove ra l l  

incidence of r e s p i ra to ry  disease on one farm examined (S to t t  and 

o thers ,  1978). Bryson and others (1979b) considered i t  an 

important pathogen in  Northern I re land on the basis o f  f i e l d  and 

experimental  evidence.

DUAL INFECTIONS WITH RS VIRUS AND PI3 VIRUS

Combined a c t i v i t y  of RS v i ru s  and PI3 v i ru s  in groups of 

animals has been repor ted ,  however, i t  has not always been c le a r  

whether in d iv id u a l  animals have been simul taneously in fec ted  with 

both v i ruses .  In Nothern Ire land four  outbreaks o f  severe 

re s p i ra to ry  disease, in which a prominent c l i n i c a l  f i n d in g  was 

dyspnoea, were associated w ith  dual i n f e c t i o n  (Bryson and o thers ,  

1979a). Parainf luenza type 3 v i ru s  was iso la te d  from the lungs of 

dyspnoeic calves a.d RS v i r a l  i n f e c t i o n  of i n -c o n ta c t  animals was 

demonstrated s e r o lo g i c a l l y .  S t r i k in g  pa tho log ica l  f in d in g s  were 

e p i t h e l i a l  s yn cy t ia ,  a lv e o la r  e p i t h e l i a l  hyperp las ia  and severe 

i n t e r s t i t i a l  emphysema. S im i la r  c l in i c o -p a th o lo g i c a l  features were 
a t t r i b u te d  to  RS v i r a l  i n f e c t i o n  a lone, w i thou t  PI3 involvment ,  in  

an outbreak of re s p i ra to ry  disease in Scotland (P i r ie  and o thers ,  

1981a). In the Netherlands s im i l a r  outbreaks were ascribed to  RS 

v i r a l  i n f e c t i o n  and para in f luenza type 3 v i r a l  i n f e c t i o n ,  i f  

p resent,  was regarded as an inc id e n ta l  f i n d in g  (Holzhauer, 1978).

Recently dual in fe c t io n s  were described by Thomas and others (1982)
although few d e ta i l s  o f  c l i n i c o -p a th o lo g i c a l  f in d in g s  were g iven.

D i f f e r e n t i a l  d iagnosis o f  RS v i r a l  and PI3 v i r a l  i n f e c t i o n  

may present d i f f i c u l t i e s .  Resp ira tory syncy t ia l  v i rus  is  l a b i l e

and grows slowly  in  t i s s u e  c u l tu re  (Wellemans, 1977) whereas PI3 

v i ru s  can grow ra p id l y .  Detect ion of RS v i r a l  I n fe c t io n  by v i r a l  

i s o l a t i o n  is  i n s e n s i t i v e .  Sero logical techniques are p re fe rab le
but as the se ro log ica l  response is  rapid (Wellemans, 1977) paired
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samples taken three to four  weeks apart  may not def ine accura te ly  
the period of t ime during which the v i rus  was a c tu a l l y  present in  

t i s s u e s ,  nor does i t  l o c a l i s e  the v i rus  in the re s p i ra to ry  t r a c t .  
The h is to pa tho lo g ica l  featu res of i n f e c t i o n  w ith  both v iruses are 

s im i l a r  although in t ra n u c le a r  inc lu s ion  bodies have not been 
recorded in RS v i r a l  i n f e c t i o n  and numerous large e p i t h e l i a l  

syncyt ia  are thought to be more a fea tu re  of RS v i r a l  i n f e c t i o n  

than i n fe c t i o n  w i th  PI3 v i rus  ( P i r i e ,  1978).

Whether or not these v i ruses in t e r a c t  to  produce a more 

severe re s p i ra to ry  i l l n e s s  than th a t  caused by e i t h e r  agent alone 

is  not c lea r  and dual experimental  in fe c t io n s  have not been 

recorded.
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In t h i s  sect ion the general techniques used in the thes is  

are described. Specia l ised or new techniques w i l l  be d e ta i le d  more 

f u l l y  in the appropr ia te  chapter.

TISSUE CULTURE TECHNIQUES 

PREPARATION OF CELLS FROM FOETUSES

Fresh bovine foetuses,  a t four  to e igh t  months ges ta t ion ,  

were obtained from a loca l  s laughterhouse and were used to prepare 

cu l tu res  of foe ta l  bovine lung (FBL) or foeta l  bovine kidney (FBK) 

c e l l s .  Using s t e r i l e  inst ruments the lungs and kidneys were

removed from the foetus and were t ran s fe r re d  to the labo ra to ry  in

s t e r i l e  con ta iners .  Pieces of the caudal lung lobes or kidney

cortex were minced f i n e l y  in a conical f l a s k .  The t issue  was 
r insed repeatedly  w ith  s t e r i l e  phosphate buffered sa l ine  (PBS) pH 

7.2 u n t i l  the e f f l u e n t  was free of v i s i b l e  blood or serum. Excess

PBS was c a r e f u l l y  drained from the t i s su e  fragments and f r e s h ly

prepared t r y p s in  so lu t io n  (0.25% powdered pig t r y p s in  in Hanks' 
balanced s a l t  s o lu t io n ,  pH 7.8) was added to  make a 10%

suspension. This was s t i r r e d  gen t ly  fo r  45 minutes at 37°C. The
contents of the f l a s k  were then allowed to  s e t t l e ,  the supernatant 

discarded and fresh t r y p s in  s o lu t io n  added. Incubat ion, w ith  

s t i r r i n g ,  was cont inued fo r  a f u r t h e r  18 hours at 4*C, The

suspension of c e l l s  thus obtained v/as f i l t e r e d  through a double 

la ye r  o f  s t e r i l e  gauze to  remove la rge fragments and the f i l t r a t e  

was cen tr i fuged  at 25Qg fo r  20 minutes at 4°C. A f te r  d iscard ing

the supernatant the c e l l  p e l l e t  was suspended in  10ml Eagle's

medium conta in ing  2.5% foe ta l  c a l f  serum (EFC2.5) and was 

re -ce n t r i fu g e d  at 250g f o r  20 minutes at 4°C. Again the 

supernatant was discarded and the c e l l  p e l l e t  was resuspended in a 

f u r t h e r  10ml EFC2.5 and was cen t r i fuged  in a graduated tube at

250g fo r  15 minutes at 4^0, The f i n a l  c e l l  p e l l e t  was d i lu te d  1 in  

10 (volume/volume) in  Eagle's medium con ta in ing  10% foe ta l  c a l f  

serum (EFCIO) and d is t r i b u te d  in to  glass t issue  c u l tu re  f lasks  at 
20ml c e l l  suspension/80cni2 growth area. The f la sks  were gassed 

w i th  5% CO2 in a i r  and were incubated at 37°C fo r  three days
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withou t  being d is tu rbed .  A f te r  t h i s  time the unattached c e l l s  were 

removed by r in s in g  the c e l l  sheet w ith  EFC2.5. Fresh EFCIO was 
then added and incubat ion was cont inued at 37°C u n t i l  the c e l l s  had 

formed a complete monolayer. The medium was then replaced with 

EFC2.5 and the c e l l s  were held a t 37°C u n t i l  used fo r  v i rus  

i s o l a t i o n .

sub- passaging cells

Cells were sub-passaged at approximately weekly i n t e r v a l s .  
The medium v/as decanted and the monolayer was r insed twice with  

2Ĉ nl 0.02% ethylene d ia m in o te t ra ce t ic  acid in  PBS (EDTA) then

dispersed by incubat ion w i th  0.01% t r y p s in  so lu t io n  in EDTA. The 

c e l l s  were resuspended in  EFCIO and were d iv ided between three or 

fo u r  s t e r i l e  t i ssue  c u l t u re  f l a s k s .  Each f la sk  was gassed w i th  5% 

CO? in a i r  and was incubated a t  37“ C u n t i l  the c e l l s  were

c o n f lu e n t .  At t h i s  po in t  the c e l l s  were e i t h e r  used fo r  v i rus  

i s o l a t i o n  or were maintained at 37°C in  EFC2.5

P e r io d ic a l l y  samples of medium and c e l l s  were checked fo r

contaminat ion with  mycoplasmes and bovine v i rus  diarrhoea (BVD) 

v i r u s .  Mycoplasmes were iso la te d  using the procedures described by 

P l r t o  and A l lan  (1975). Bovine v i rus  diarrhoea v i r a l  ant igens were 

detected using an i n d i r e c t  immunofluorescence technique.

A fr ican  green monkey kidney c e l l s ,  s t r a in  BS-C-l,  were

obta ined re g u la r ly  from the Medical Research Council I n s t i t u t e  of 

V i ro to gy ,  Glasgow, They were grown in  2 l i t r e  r o l l i n g  b o t t le s  at 

37*C and when conf luent  were maintained at 31°C. The sub-passaging

procedure was the same as f o r  FBL and FBK c e l l s  except th a t  i t  was
c a r r ie d  out twice weekly.

PREPARATION OF MULTIWELL PLATES

Mul t iw e l l  p la tes (Costar,  U.S.A. or L inbro ,  U.K.) were used 

f o r  ) v i rus  i s o l a t i o n  ( i i )  i d e n t i f i c a t i o n  of v i rus  i s o la te s  ( i i i )

t i t r a t i o n  of v i rus  stocks and ( i v )  RS v i r a l  sero logy. The p lates
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were prepared by seeding each wel l  with e i t h e r  2.0 x 10^ (FBL,FBK) 
or 1.0 X 10^ (BS-C-l)  c e l l s  in 0.5ml EFCIO. Monolayers were formed 

a f t e r  24 hours at 37^C in a humid i f ied  CO2 incuba to r .  For sub- 

passaging, monolayers were dispersed as fo r  convent ional t issue  

c u l t u re .
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MICROBIOLOGICAL TECHNIQUES

ISOLATION OF VIRUSES

Samples fo r  v i rus  i s o la t i o n  were taken from calves involved 

in  f i e l d  outbreaks o f  r e s p i r a to r y  disease and from calves

experimental  l y  in fec ted  w i th  RS v i ru s  or PI 3 v i r u s .  Nasopharyngeal 

swabs were taken from l i v e  animals and samples of re s p i ra to ry  t r a c t  

t issues  were taken from animals which had e i t h e r  died or been

slaughtered. They were processed as fo l low s .

Nasopharyngeal swabs

Nasopharyngeal swabs (Exogen, Glasgow) taken from 

calves were t ranspor ted to  the labo ra to ry  in a b i jou  b o t t l e

con ta in ing  2m1 v i rus  t ra n s p o r t  medium (VTM, see Appendix 1). 
Samples were kept a t 4°C dur ing t ra n sp o r t  and on a r r i v a l  at the 

labo ra to ry  were e i t h e r  stored at -70°C or were processed

immediately f o r  v i rus  i s o l a t i o n .  Nasopharyngeal secret ions were 

washed from the swab by repeatedly  r in s in g  in the VTM using a

f in e -bo re  Pasteur p ip e t te .  The suspended sec re t ions ,  which 

contained re s p i ra to ry  e p i t h e l i a l  c e l l s ,  were used as inoculum 

w i thou t  f u r th e r  t reatment.  Unused inoculum was stored at -70°C.

Tissues

Samples were taken ro u t i n e l y  from the nasal mucosa, the 

tracheal  mucosa, the bronchia l  lymph node and from the c r a n ia l ,  the 

middle and the caudal lobes of the r i g h t  lung. Using s t e r i l e  

Instuments approximately  Ig t i s sue  was placed in a un iversa l b o t t l e  

con ta in ing lOml VTM at 4°C. Samples were then e i t h e r  stored at 
-70°C or were immediately prepared fo r  v i rus  i s o la t i o n  as fo l lo w s .  

The t issue  was minced f i n e l y  using sc isso rs ,  t ra n s fe r re d  to  a 

s t e r i l e  p l a s t i c  bag and d is rup ted  fu r t h e r  in a stomacher (Colworth 

Instuments, U.K.) f o r  one minute. The t issue  suspension was then 
poured back in to  the un iversa l  b o t t l e  and was cen t r i fuged  at 650g 

f o r  f i v e  minutes at 4°C to sediment the t issue  fragments. The
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supernatant was used as inoculum. Unused inoculum was stored at 

-70°C.

Inocu la t ion  o f  Cel ls

Monolayers o f  FBL and FBK c e l l s  were prepared in separate 

m u l t iw e l l  p la tes ,  as described p rev ious ly .  Approximately 0.2ml 

Inoculum from each sample was added to each of fou r  wel ls  o f FBL 

c e l l s  and four  of FBK c e l l s .  At the same time stock i so la te s  of RS 

v i r u s ,  PI3 v i rus  and BVD v i rus  were inocu lated onto both c e l l  types 

in  order to  check t h e i r  s u s c e p t i b i l i t y  to  these v i ruses .  
Adsorpt ion proceeded f o r  one hour at e i t h e r  37°C (FBL) or 31°C 

(FBK). The inoculum was then removed and 0.5ml EFC2.5 w i th  extra 

a n t i b i o t i c s  (EFC2.5XAB, see Appendix 1) v/as added to  each we 11. 

Incubat ion was continued at the appropr ia te  temperature fo r  24 

hours then the wel ls  were examined fo r  c e l l u l a r  changes and 

b a c te r ia l  and fungal contaminat ion. Any changes were noted and the 

medium was replaced with  fresh EFC2.5XAB. The p la tes were then 

examined d a i l y  and the medium changed every three days using 
EFC2.5.

Foetal bovine kidney c e l l s  were maintained at 31°C fo r  three 

weeks. I f  no cy topa th ic  changes had occurred by t h i s  time the 

c e l l s  were checked f o r  evidence o f  i n f e c t i o n  w ith  RS v i r u s ,  PI3 

v i ru s  and BVD v i rus  by methods described l a t e r .

The v i r a l  i s o l a t i o n  procedure using FBL c e l l s  is  ou t l ined  in 

Table 1. Foetal bovine lung c e l l s  were maintained at 37*C and were 

sub-passaged a f t e r  seven days i f  no cy topath ic  changes had 

developed. Cel ls  from a l l  fou r  wel ls  o f  each sample were dispersed 

as described p rev ious ly  and pooled in 4ml EFCIO. Hal f  of the c e l l  

suspension was stored a t  -70°C and the remainder was d i s t r i b u te d  

equa l ly  between four  wel ls  o f a new m u l t iw e l l  p la te .  I f  no 

cy topa th ic  e f f e c t  (cpe) had developed a f t e r  a fu r th e r  seven days 

two wel ls  from each sample were again sub-passaged and the 
remaining two examined fo r  evidence o f  i n f e c t i o n  with  RS v i r u s ,  PI3
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v i rus  and BVD v i r u s .  I f  no cpe developed in the sub-passaged c e l l s  

a f t e r  a f u r th e r  seven days incubat ion  then the samples were 

considered to be negat ive f o r  the commonly i so la te d  re s p i ra to ry  

v iruses and were d iscarded. I f  a cpe did develop, at any stage, 

the detached c e l l s  and medium were inocula ted onto fresh c e l l s  in 

t e n - f o l d  d i l u t i o n s  up to  1 in 1 000.

EXAMINATION OF TISSUE CULTURE CELLS FOR PI3 VIRUS, RS VIRUS AND BVD 

VIRUS

Haemadsorption f o r  PI3 v i rus

Medium from the c e l l s  was removed and the c e l l  sheet v/as 

g en t ly  r insed twice w ith  co ld  Eagle's medium con ta in ing  0.5% foe ta l  

c a l f  serum (EFC0.5). Approximately 0.5ml of a 1% suspension of 

washed guinea pig e ry th rocy tes  in cold EFC0.5 was added to  each 

wel l  to be tested and the p la te  was placed at 4°C fo r  30 minutes. 

A f te r  t h i s  time the c e l l  sheet was r insed three times with  cold 

EFC0.5 to  remove unattached ery th rocy tes  and then observed fo r  

haemadsorption using an inve r ted  microscope ( L e i t z ,  U.K). Pos i t ive  

we l ls  were noted and the corresponding sub-passaged c e l l s  were 
observed c lose ly  f o r  cy topa th ic  changes.

Immunofluorescence f o r  RS v i ru s  and BVD v i rus

A f te r  haemadsorption f o r  PI3 v i rus  the c e l l s  were f ixe d  in 

s i t u  in the m u l t iw e l l  p la te  using methanol at -20°C fo r  20 

minutes. The f i x a t i v e  was then discarded and the c e l l s  washed w ith  

f i v e  changes of PBS. Hyperimmune ant i  sera to bovine RS v i ru s  and 
BVD v i r u s ,  raised by i n f e c t i n g  g n o to b io t i c  ca lves, were generously 

provided by D r . J . S t o t t ,  I n s t i t u t e  fo r  Research on Animal Diseases, 

Compton, U.K. They were appl ied  s imul taneously  to  each wel l  and 

the p la te  was rocked f o r  45 minutes at room temperature in a 
hum id i f ied  atmosphere. A f te r  f u r t h e r  washes in  PBS, ra b b i t  

an t i  serum to  bovine IgG, conjugated w i th  f luo resce in  iso th iocyanate  

(RABIgG-FITC; Mi les Labora to r ies ,  UK) was added to each wel l  and 

the p la te  was rocked f o r  a f u r t h e r  45 minutes at room temperature.
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F i n a l l y ,  unbound conjugate was washed o f f  w ith  f i v e  changes o f  PBS 

and the c e l l s  were examined fo r  the presence of RS v i r a l  and BVD 

v i r a l  antigens using a f luorescence microscope (L e i t z  or thoplan 

w ith  ep i f luo rescence) .

Cel ls showing evidence o f  i n f e c t i o n  with e i t h e r  v i rus  were 

noted and the corresponding sub-passaged c e l l s  were observed 
c lose ly  f o r  cy topath ic  changes.

I d e n t i f i c a t i o n  o f  Iso la tes

Virus is o la te s  were i d e n t i f i e d  i n i t i a l l y  by the character  o f  

cy topa th ic  changes, immunofluorescence and haemadsorption. 

Confirmation of i d e n t i t y  was by n e u t r a l i s a t i o n  w ith  s p e c i f i c  

hyperimmune sera.

Bac te r ia l  and Fungal Contamination o f  Cel l Cultures

Bacter ia l  contaminat ion was an in f requen t  problem using the 

v i rus  i s o la t i o n  methods descr ibed. Fungal contaminat ion occurred 

i n f re q u e n t l y  from t issue  samples but was more common from 

nasopharyngeal swabs. This was overcome by increas ing  the 

concent ra t ion  of amphoter ic in B in  the VTM during the i n i t i a l  three 

days o f  t i ssue  c u l t u re .  Any contaminat ion which did develop was 

t rea ted  promptly by removing the fungal colony, before sp o ru la t io n ,  

using a f in e -bo re  Pasteur p ip e t t e .  The c e l l  sheet was then washed 

tw ice w ith  EFC0.5 and the medium was replaced using EFC2.5XAB. 

Pers is ten t  problems in s ing le  wel ls  were t rea ted  by adding 0.5ml 5M 

sodium hydroxide. In t ra c ta b le  problems invo lv ing  a large 
propor t ion  of the wel ls  on a p la te  were te rm inated ,  a f t e r  a minimum 

o f  seven days, by checking fo r  PI3 v i r u s ,  RS v i ru s  and BVD v i ru s  by 

the methods described before d iscard ing  the p la te .  I f  necessary 

the stored o r ig in a l  inoculum fo r  the sample was f i l t e r e d  through a 
220nm f i l t e r  ( M i l l i p o r e )  and v i rus  i s o l a t i o n  was attempted from the 

f i l t r a t e .
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ISOLATION OF BACTERIA AND MYCOPLASMAS

B a c te r i a . and mycoplasmes were iso la ted  from nasopharyngeal 

swabs and from re s p i r a to r y  t r a c t  t i ssues  using the methods 

described by P i r ie  and A l lan  (1975). Only those bac te r ia  and 
mycoplasmes which are commonly regarded as p o te n t ia l  bovine 

re s p i ra to ry  t r a c t  pathogens are reported. The re levant  bac ter ia  
are Pasteure l la  haemolyt ica types A1 and A2, Pasteure l la  m u l to c id a , 

Haemophilus somnus, Corynebacterium pyogenes, Streptococcus 
pneumoniae and Staphylococcus aureus (P r i tcha rd  and o the rs ,  1979; 

Wiseman and P i r i e ,  1979). The rnycoplasmas are Mycoplasma d i s p a r , 
Mycoplasma aga lac t iae  var bovis and Ureaplasma sp, ( P i r i e  and 

A l la n ,  1975; Howard and o thers ,  1976; Gourlay and o thers ,  1976).
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SEROLOGICAL TECHNIQUES

Antibodies to RS v i rus  were t i t r a t e d  using a serum 

n e u t r a l i s a t i o n  te s t  in  which the end-point was determined by plaque 

reduc t ion .  Parainf luenza type 3 v i ru s  ant ibod ies  were assayed 

using a micro-haemagglut inat ion i n h i b i t i o n  (HAI) t e s t  except in one 
outbreak of r e s p i ra to ry  disease (outbreak C). In t h i s  i nc id e n t  a 

serum n e u t ra l i s a t i o n  t e s t ,  s i m i l a r  to  th a t  used fo r  RS v i r u s ,  was 

used. The challenge v i rus  was a bovine s t r a in  of PI3. In add i t ion  

sera were t i t r a t e d  fo r  an t ibod ies  to  other  vi ruses at the Central  

Vete r inary  Laboratory , Weybridge, using the fo l lo w ing  t e s t s : -

Bovine v i rus  diarrhoea v i rus  -  serum n e u t ra l i s a t i o n  te s t  using the 

NADL reference s t r a in  of v i r u s .

Adenovirus type A- agar gel d i f f u s i o n  te s t  (Derbyshire and Pere ira ,  
1964) using human adenovirus type 5.

Adenovirus type B- agar gel d i f f u s i o n  te s t  using bovine adenovirus 

type 4

Reovirus type 1 -  HAI t e s t  (Rosen, 1960) using the Weybridge 26 

s t r a in  of reov irus  type 1

Reovirus type 2 - HAI t e s t  using a human s t r a in  o f reov irus  type 2 

In fe c t io u s  bovine r h in o t r a c h e i t i s  v i rus  -  serum n e u t ra l i s a t i o n  te s t  

(Dawson and Derbyshire, 1964) using the Oxford s t r a in  of IBR v i r u s .

SERUM NEUTRALISATION TEST FOR ANTIBODY TO RS VIRUS

Serum samples were in a c t iva te d  at 56°C fo r  30 minutes then 

d i l u t e d  1 in  10 w ith  EFC0.5. Two-fold d i l u t i o n s  from 1 in  10 to  1 

in  10 240 were prepared in 0.1ml volumes. Approximately 400 plaque 

forming u in i t s  o f  chal lenge RS v i rus  (RSN-2 s t r a in  of human RS 
v i r u s ;  Faulkner and o thers ,  1976) in  0.1ml EFC0.5 was added to 

each serum d i l u t i o n  and the vi rus-serum mixtures were held at 4°C 

f o r  18 hours. Known p o s i t i v e  and negat ive serum con t ro ls  were 

t i t r a t e d  s imul taneous ly . Using a c a l ib ra te d  p ip e t te  (Gi lson 

Instruments, U.K.) 0.05ml of each serum-virus mixture was

inocu lated onto each of two monolayers of BS-C-1 c e l l s  in m u l t iw e l l  

t i s s u e  cu l tu re  p la tes .  A period of 60 minutes at 37*C was allowed
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f o r  adsorpt ion of v i rus  during which time the p lates were rocked 

every 15 minutes to  d i s t r i b u t e  the inoculum evenly over the c e l l  

sheet and prevent dess ica t ion .  A f te r  adsorpt ion the inoculum v/as 

removed and the c e l l s  were o ve r la id  w i th  1ml o f EFC2.5 con ta in ing  

0.9% agar. The p la tes were incubated at 37°C fo r  three to f i v e  
days u n t i l  plaques were d is c e rn ib le  in the v i rus  con tro l  w e l l s .  

The c e l l s  were f ixe d  by laye r ing  1ml o f  a 1% s o lu t io n  of 

g lu tara ldehyde in  PBS onto the agar. A f te r  three hours at room 

temperature the agar was f l i c k e d  o f f  and the ce l l  sheet was stained 

w i th  Giemsa s o lu t io n .  Plaques were counted using a low-power 

d issec t ing  microscope. The average of the number of plaques 

between the two wel ls  o f  each serum d i l u t i o n  was p lo t te d  against 

the rec ip roca l  of the serum d i l u t i o n .  The serum d i l u t i o n  g iv ing  a 
50% reduct ion in plaque count,  as compared with  no-serum contro l  

w e l l s ,  was determined g ra p h ic a l l y .

Anti-RS v i ru s  n e u t ra l i s in g  t i t r e s  were determined using the 

RSN-2 s t r a in  of human RS v i rus  as t h i s  gave plaques which were more 

d i s t i n c t  and appeared more q u ick ly  than those produced by bovine 

s t ra in s  of RS v i r u s .  Antibody t i t r e s  were s im i l a r  whether t i t r a t e d  

using bovine or human s t ra in s  of RS v i r u s ,

MICR0-HAEMAG6LUTINATI0N INHIBITION TEST FOR ANTIBODY TO PI3 VIRUS 

Preparat ion o f  ant igen

Parainf luenza type 3 v i r u s ,  iso la te d  from the lungs of a 
pneumonic c a l f ,  was grown in  FBK c e l l s .  When maximun cpe had

developed v i rus  was harvested by f reez ing  and thawing the c e l l s  and 

medium. The harvest was c l a r i f i e d  by c e n t r i f u g a t io n  at 10 OOOg
f o r  30 minutes at 4°C and the supernatant was stored at -70°C in 

a l i q u o t s .  Two random a l iq u o ts  were thawed and s e r ia l  tw o - fo ld  

d i l u t i o n s  were made, in  0.025ml amounts, in dup l ica te  in a 'U '

bottom m i c r o t i t r e  p la te  (Cookes, USA). To each d i l u t i o n  0.05ml o f 

a 0.5% suspension of washed guinea pig e ry th rocytes was added and 

the p la te  was held a t  4°C f o r  two hours. The haeinaggl u t i n a t io n  

t i t r e  o f  the ant igen was taken as the highest d i l u t i o n  at which
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there  v/as complete haemaggl u t i  n a t i o n , This d i l u t i o n  v/as considered 

to  represent one haemagglut inat ing (HA) u n i t  of an t igen. Each 

serum d i l u t i o n  in the HAI t e s t  v/as chal lenged w ith  four HA un i ts  of 

P13 v i r a l  ant igen.

Preparat ion of Serum

Sera were in a c t iv a te d  at 56°C fo r  30 minutes and 

n o n -sp e c i f i c  i n h i b i t o r s  of haemagglut inat ion were removed by 

absorp t ion with  k a o l in .  0.1ml ina c t iv a te d  serum was d i lu te d  In 

0.4ml PBS and to t h i s  was added 0.5ml of a 25% suspension of

acid-washed kao l in  in borate sa l ine  (Flow Labora to r ies ,  U .K .) .  The 

mix tu re  was held at room temperature fo r  20 minutes and shaken at 

i n t e r v a l s .  The kao l in  was then deposited by c e n t r i f u g a t io n  at

lOOOg fo r  10 minutes. The supernatant,  which represented a 1 in  10 

d i l u t i o n  o f  the o r ig in a l  serum was removed and to i t  was added 

0.1ml of packed guinea pig e ry th ro c y te s . The re su l ta n t  suspension 

was shaken p e r io d i c a l l y  w h i l s t  standing at 4°C fo r  one hour. This 

step removed non-spec i f ic  a g g lu t in in s  of guinea pig e ry th ro c y te s . 
F in a l l y ,  the ery th rocy tes  were deposited by c e n t r i fu g a t io n  at 400g 

f o r  10 minutes and the supernatant was used in the HAI t e s t .

Test ing the serum

Ser ial  tw o - fo ld  d i l u t i o n s  of serum, from 1 in  10 to  1 in  10 
240, were prepared in m i c r o t i t r e  p la te s .  Four HA un i ts  o f  PI3 

v i r a l  ant igen were added to each serum d i l u t i o n  and the p la te  was
incubated at room temperature fo r  one hour. Controls with  no

serum, a p o s i t iv e  serum and a negat ive serum were included in the 

t e s t  as were e ry th rocy te  and ant igen t i t r a t i o n  c o n t ro ls .  F i n a l l y ,  

two volumes of a 0.5% suspension of washed guinea pig e ry th rocytes 

were added to  each wel l and the p la te  was placed at 4°C ove rn igh t .  

The t i t r e  of each serum was taken as the lowest d i l u t i o n  at which 

there was complete i n h i b i t i o n  of haemagglut inat ion. Sera were 

t i t r a t e d  in d u p l i ca te .
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EXAMINATIUNS FOR ANTIBODY TO BACTERIA AND MYCOPLASMAS

Antibody to Pasteure l la  haemolyt ica types A1 and A2 and

Pasteure l la  rnultocida was t i t r a t e d  using an i n d i r e c t

haemagglut inat ion te s t  (Shreeve and others, 1972). The level  of
ant ibody to  Mycoplasma bovis was determined using an i n d i r e c t

immunofluorescence te s t  ( P i r i e  and A l la n ,  1975).
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PATHOLOGICAL TECHNIQUES

In t h i s  sect ion the techniques used in  the post-mortem 

examination of f i e l d  and experimental  r e s p i ra to ry  disease cases are 

descr ibed. In a d d i t io n  the processing of t i ssue  f o r
h is to pa tho lo g ica l  examination is  b r i e f l y  o u t l in e d .

POST-MORTEM EXAMINATION

Animals were stunned using a capt ive  b o l t  p i s t o l  and were 

exsanguinated via the a n te r io r  vena cava. In some experiments 

animals were anaesthet ised by the intravenous i n j e c t i o n  of sodium 

pentobar t i tone  and, before being ho isted fo r  exsanguinat ion, the 

oesophagus was l i g a te d  to  prevent the r e g u rg i ta t io n  of rumen 

co n te n ts .

A f te r  exsanguinat ion the la rynx ,  the trachea and the

contents o f  the thorax were removed fo r  pa tho log ica l  examinat ion. 

The hear t ,  oesophagus and the .ao r ta  were trimmed away and the 

exte rnal  features of the lungs, trachea and pleura were recorded. 

Samples from the appropr ia te  s i te s  were taken fo r  m ic rob io log ica l  
examinat ion.  Fol lowing t h i s  the trachea was opened l o n g i t u d in a l l y ,  

con t inu ing  in to  the l e f t  and r i g h t  caudal bronchi.  Each lung lobe 

was sect ioned at var ious leve ls  and the appearance was noted.

Samples fo r  hi s topa tho log ica l  examinat ion were taken from the 
c ran ia l  par t  of  the r i g h t  c ran ia l  lobe of the lung, r i g h t  middle

lobe and both c ran ia l  and caudal par ts  o f the r i g h t  caudal lobe.

Samples were also taken from the lobar bronchi of the r i g h t  c ran ia l  

and r i g h t  caudal lobes. Fur ther mater ia l  was taken from the nasal 

mucosa, the trachea and a bronchia l  lymph node. I f  m orpho log ica l ly  

d i f f e r e n t  les ions were present in  the l e f t  lung lobes then these 
were also sampled.

PROCESSING OF SAMPLES

A part  o f each sample taken was immediately snap-frozen by 

immersion in l i q u i d  n i t rogen fo r  the preparat ion of frozen t issue

40



sec t ions .  The remainder of the t issue  was f ixed  fo r  conventional 

h is topa tho logy .  A l l  samples fo r  p a r a f f i n  embedding were f ixed  in 

10% buffered neutra l  fo rm a l in  and, where approp r ia te ,  adjacent 

pieces o f  t i ssue  were also f i xe d  in co r ros ive  fo rmol.

A f te r  f i x i n g  f o r  24-48 hours the t issues  were trimmed and 

processed in a series in vo lv in g  dehydrat ion in alcohol and c lea r ing  
in  ch lo ro fo rm. Afterwards they were vacuum embedded in p a ra f f i n  

wax. Sections were cut on a microtome (Le i tz ,U .K )  at approximately 

5p thickness and were sta ined ro u t i n e l y  w ith  haematoxyl in and eosin 

(HSE). Other s ta ins  were used to demonstrate s p e c i f i c  features 

e .g .  phloxine ta r t r a z in e  (PTI) f o r  inc lus ion  bodies and Unna 

Pappenheim fo r  plasma c e l l s .
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DETECTION OF VIRAL ANTIGENS IN TISSUES

An i n d i r e c t  immunofluorescence technique v/as used to detect 

v i r a l  ant igens in  frozen t is su e  and in t i s s u e  processed fo r  

convent ional h is to p a th o lo g y , Frozen t issue  sect ions were stained 

f o r  RS, PI3 and BVD v i r a l  ant igens whereas conven t iona l ly  processed 

sect ions were sta ined only f o r  RS and PI3 v i r a l  ant igens. The

an t ise ra  were ra ised in g n o to b io t i c  calves as mentioned p re v io u s ly .

FROZEN TISSUE SECTIONS

The frozen t issu e  v/as mounted, w ithout  thawing, on a cold 

cryotome chuck using OCT compound (Miles Labora to r ies ,  U .K .) .

Sections 5p th i c k  were cut on a cryotome (Slee Instruments, U .K .) ,

placed on grease-free microscope s l id e s  and f ixed  in pure acetone

f o r  10 minutes at 4°C. A f te r  washing in three changes o f  PBS the 

sect ions were ready to be sta ined fo r  v i r a l  an t igens.

CONVENTIONAL HISTOPATHOLOGICAL SECTIONS

The technique used f o r  the de tec t ion  of v i r a l  antigens in

convent ional h is to p a th o lo g ica l  sect ions is  described in Section 
Three,

IMMUNOFLUORESCENT STAINING

Sections were o ve r la id  w i th  the appropr ia te  d i l u t i o n  of

v i r a l  or contro l  antiserum and were incubated f o r  30 minutes at

37°C in a humid i f ied  chamber. The sect ions were then r insed three 

t imes in  PBS and RABIgG-FITC was appl ied  to  each sec t ion .  A f te r  

incubat ion  fo r  30 minutes at 37°C the conjugate was r insed o f f  w ith  

PBS and the sect ions were counters ta ined w ith  0.1% Evan's blue fo r  

f i v e  minutes at room temperature. Excess counte rs ta in  was washed 

o f f  w i th  several changes o f  PBS fo l lowed by a f i n a l  r inse  in
running tap water.
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EXAMINATION OF SECTIONS AND CONTROLS

The sect ions were mounted under cove rs l ips  using 90% 

g lycero l  in  PBS, Examination fo r  v i r a l  antigens was ca r r ie d  out 

using a f luorescence microscope. U l t r a v i o l e t  l i g h t  was produced by 

an Hb200 mercury vapour bulb and passed through a GG455 b a r r i e r  

f i l t e r .  Photographs were taken using Afga 50L, or Kodak Ektachrome 

EPY-136-50.

Controls fo r  each sect ion  included an t isera  to  heterologous 

v i ruses  or f luo resce in  conjugate alone. Reference blocks of 

t i s s u e ,  known to be p o s i t i v e  or negat ive fo r  the appropr ia te  v i r a l  

an t igens, were sta ined s imul taneous ly .  Pos i t ive  s ta in in g  was 

confirmed by b lock ing with  an t ise ra  to  the appropr ia te  v i rus  ra ised 
in  a d i f f e r e n t  species.
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FIELD INVESTIGATION OF RESPIRATORY DISEASE OUTBREAKS

During the win te rs  of 1980-1981 and 1981-1982, in 

co l la b o ra t io n  with  the department of Veter inary  Medicine, 

outbreaks of acute r e s p i ra to ry  disease occurr ing in housed immature 

c a t t l e  were Inve s t ig a te d .  Inc idents  were re fe r red  by ve te r in a ry  

p r a c t i t i o n e r s  in the west of Scotland and in add i t ion  to t h i s  some 

mater ia l  was received from farms in the north  o f  England via the 

M in is t r y  of A g r i c u l t u re ,  F isher ies  and Foods Vete r inary  
In v e s t ig a t io n  Centre a t  Penr i th  in  Cumbria.

INITIAL VISIT TO OUTBREAK OF RESPIRATORY DISEASE

With the permission and co-operat ion of the farmer and h is  

v e te r in a ry  surgeon each farm w i th  an outbreak of acute re s p i ra to ry  

disease was v i s i t e d  by members o f  the department o f  Veter inary  

Medicine. In the m a jo r i t y  of cases t h i s  v i s i t  took place w i th in  
one to  three days o f  the farmer f i r s t  becoming aware of a problem. 

A f u l l  h is to ry  was taken and the animals involved were examined 

c l i n i c a l l y .  Nasopharyngeal swabs and blood samples were taken from 

a l l  the animals in the a f fec ted  group; where t h i s  was not 
p ra c t ic a b le  at lea s t  h a l f  the animals were sampled. The carcases 

o f  any animals which had died were co l le c te d  and taken to the 

Ve te r inary  School f o r  pa tho log ica l  and m ic rob io lo g ica l  

examinat ion. In a d d i t i o n ,  where poss ib le ,  animals s u f fe r in g  from 

re s p i r a to r y  disease were bought f o r  f u r th e r  i n v e s t ig a t i o n .  I t  was 

i n i t i a l l y  decided to  buy up to  f i v e  animals from any p a r t i c u l a r  

r e s p i ra to ry  disease in c id e n t  but,  o f  course, t h i s  depended on the 

fa rmer 's  w i l l in g n ess  to s e l l .  In da i ry  herds farmers were less 

w i l l i n g  to  s e l l  h e i f e r  calves as these were p o te n t ia l  herd 

replacements and, in genera l,  were more w i l l i n g  to se l l  severely  

i l l  animals which were l i k e l y  to  die or become chronic r e s p i r a to r y  

disease cases. As fa r  as poss ib le  animals were bought w ith  vary ing 

degrees of i l l n e s s  or which, on the basis of t h e i r  h is t o r y  where 

t h i s  was r e l i a b l y  known, were at d i f f e r e n t  stages of the disease 
process.
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Animals purchased were subjected to fu r t h e r  c l i n i c a l  

examination at the Veter inary  School and then were slaughtered fo r  

pa tho log ica l  and- m ic rob io lo g ica l  examinat ion. Samples were taken 

from var ious t issues  as described p re v io u s ly .

FOLLOW-UP VISITS

Fol low-up v i s i t s  were made at weekly i n t e r v a l s  whenever 

p o ss ib le ,  and in every case at four  weeks a f t e r  the i n i t i a l  v i s i t .  

At every v i s i t  the a f fe c ted  animals were examined c l i n i c a l l y  and 

a f t e r  fou r  weeks blood samples were taken from those i n i t i a l l y  
sampled.
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EXPERIMENTAL ANIMALS

SOURCES OF ANIMALS

Dairy and d a i ry -c ro ss  ca lves, both male and female, were 

purchased from farms in the west o f  Scotland at between two and 

four  months of age. Where poss ib le  farms were selected on the 

basis o f  freedom from ser ious re s p i r a to r y  disease and calves were 

transpor ted  d i r e c t  to  the Ve te r ina ry  School w i thou t  movement 

through a market. A small number o f  very young calves were also 

obtained and t ra n s fe r re d  d i r e c t l y  to the Veter inary  School when 10 

days o ld .

ACCOMMODATION

Nasopharyngeal swabs fo r  v i r a l  i s o l a t i o n  and blood samples 

f o r  serum were taken from a l l  calves on en try  to the experimental  

accommodation. Calves were housed in two loose-boxes which were 
approximate ly 50m apart and which shared no common access, serv ices 

or a i rspace. Each box measured approximately  5m x 5m with  s o l i d  

wa l ls  to roof leve l  and a concrete f l o o r .  Access to the outside 

from the c a l f  area was via a door and In a d d i t io n  there was access 

to  the e x te r i o r  v ia  a passageway. An experimental  p repara t ion area 

was located in  the passageway fo r  the use of a l l  personnel en te r ing  

the box. Pro tec t ive  c lo th in g  and footwear were kept in  t h i s  area.

V e n t i l a t i o n  was through a g r i l l -m e s h  i n l e t  measuring 

approximate ly  0.75m by 0,75m in the door and a i r  was vented v ia  a 

fa n -ass is ted  b a f f le d  o u t l e t  in the roo f .  Urine was led away via a 

cen t ra l  d ra in  in the f l o o r  and the animals were bedded on straw. 

Excess dung was removed d a i l y  and at the end of each experiment a l l  

waste straw was removed and the f l o o r  and wa l ls  were hosed down 

w i th  water and steam cleaned.

Young calves were fed on m i lk  s u b s t i tu te  u n t i l  weaning and 

then had access to  hay, water and concentrates ad l i b i t a m .
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METHODS OF EXPERIMENTAL INFECTION

Calves were in fe c te d  e i t h e r  i n t r a - n a s a l l y  or by a 

combination o f  in t ra -n a sa l  and in t r a - t r a c h e a l  routes. Depending on 

the p a r t i c u l a r  experimental  protoco l i n f e c t io n  was e i t h e r  by a 
s ing le  inoculum or by successive in o c u la t io n s ,  morning and 

a f te rnoon,  f o r  three days. In one experiment calves were in fec ted  

endobronchi a l l y .

In t ra -nasa l  i n f e c t i o n

For in t ra -n a sa l  i n f e c t i o n  a 20ml s t e r i l e  polypropylene 

syr inge v/as f i l l e d  w i th  warm (37°C) v i rus  suspension. With the 
c a l f ' s  head res t ra ined  and s l i g h t l y  elevated inoculum was s lowly  

i n s t i l l e d ,  in repeated small volumes, in to  both n o s t r i l s .  Provided 

th a t  the inoculum was warm and was i n s t i l l e d  s low ly  sneezing was 

kept to a minimum.

In t ra - t ra c h e a l  i n f e c t i o n

The unsedated c a l f  was res t ra ined  standing with  head and 

neck s l i g h t l y  extended. The trachea was grasped, through the sk in ,  

approximately 20cm c ran ia l  to  the tho rac ic  i n l e t ,  A 20 gauge 

needle, attached to  a 20ml syr inge conta in ing  warm (37°C) v i rus  

suspension was inserted between adjacent tracheal r ings in to  the 
lumen of the trachea. A i r  was drawn in to  the syr inge to  check the 

p o s i t io n  of the needle and then the inoculum was slowly i n je c te d .  

In je c t i o n  was suspended during coughing to prevent the needle 

becoming d isp laced. Again, provided the inoculum was warm and was 
in je c te d  s low ly ,  coughing was kept to  a minimum.

Endobronchial i n f e c t i o n

Calves were sedated by the intravenous i n j e c t i o n  o f  0.5ml 

Rompun (Bayer,U.K) and were res t ra ined  in l a t e r a l  recumbency on 

t h e i r  r i g h t  side with  the head and neck extended. Using a f l e x i b l e  

f i b r e o p t i c  endoscope (Olympus Instruments)  a ca the te r  was
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in t roduced in to  the lobar  bronchus of the r i g h t  caudal lung lobe 

Virus suspension was in je c te d  via the ca the te r .
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TABLE 1: A f  1 ov/-diagrarn of the v i r a l  i s o l a t i o n  procedure using
foe ta l  bovine lung c e l l s

NASOPHARYNGEAL
SWABS

6
TISSUES

EXAMINE DAILY FOR 
SEVEN DAYS

PASSAGE FRESH CELLS< CPE
NO
CPE

POOL CELLS & SUB-PASSAGE

STORE HALF - 70°C

' EXAMINE DAILY FOR 
SEVEN DAYS

PASSAGE FRESH CELLS<— CPE

NO
CPE

2 we l ls
EXAMINE RS,PI3,BVD

& SUBPASSAGE

j y \ v

PASSAGE FRESH CELLS<  CPE

DISCARD

EXAMINE DAILY 
SEVEN DAYS
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OUTBREAK A 

OUTBREAK B 

OUTBREAK C 

OUTBREAK D

INDIVIDUAL CASES OF RS VIRAL INFECTION

THE ISOLATION OF RS VIRUS FROM THE NASAL SECRETIONS OF A CALF

RESPIRATORY DISEASE INVOLVING PI3 VIRUS
OUTBREAK E 

OUTBREAK F 

OUTBREAK G 

OUTBREAK H

INDIVIDUAL CASES OF PI3 VIRAL INFECTION

50



INTRODUCTION

The assoc ia t ion  between v i r a l  i n f e c t i o n  and re s p i ra to ry  

disease has o ften been stud ied by the i n v e s t ig a t io n  of s p e c i f i c  

disease outbreaks. The most common in v e s t ig a t i v e  techniques used 

have been c l i n i c a l  observat ion of a f fec ted  animals, examination of 

pa ired sera fo r  a r ise  in t i t r e  of ant ibody to a p a r t i c u la r  v i rus  

or v i ruses ,  the i s o la t i o n  o f  v iruses from the r e s p i ra to ry  t r a c t  and 

the patho log ica l  examination of animals which have died as a re s u l t  
o f  the disease.

I t  can be very d i f f i c u l t  to  def ine p re c ise ly  when an 

outbreak s t a r t s .  The c l i n i c a l  signs of disease shown by s ick 
animals re s u l t  from pa tho log ica l  changes which, in the case of some 

re s p i ra to ry  diseases, r e s u l t  in tu rn  from i n fe c t i o n  o f  the 

re s p i ra to ry  t r a c t  w ith  various micro-organisms. This sequence of 

events takes time to  occur,  may vary in s e v e r i t y  and w i l l  be 

in f luenced  by many fa c to r s .  The re s u l t  is  th a t  the po in t  at which 

a re s p i ra to ry  disease outbreak becomes c l i n i c a l l y  ev ident ,  and 

th e re fo re  the time at which i n v e s t ig a t i v e  procedures are begun, may 

be s i g n i f i c a n t l y  l a t e r  than the po in t  at which the pa tho log ica l  
changes were i n i t i a t e d  by the causal organisms. We tend to  th in k  

o f  re s p i ra to ry  diseases as being e i t h e r  "acute" or " c h r o n ic " . 

These are e s s e n t ia l l y  c l i n i c a l  terms used to in d ica te  the rate of 

onset and durat ion of a disease. However, acute has sometimes been 
used to  in d ica te  s e v e r i t y  or merely the t ime at which the disease 

was f i r s t  no t iced .  In se ro log ica l  i n v e s t ig a t io n s  the acute phase 

o f  a disease genera l ly  means the stage at which the f i r s t  blood 

sample was taken. In v i r a l  in fe c t io n s  the t im ing  of t h i s  sample is  

c ru c ia l  i f  a s i g n i f i c a n t  r i s e  in ant ibody t i t r e  to  the i n fe c t i n g  

v i ru s  is  to be detected and again, the t im ing depends on when the 

disease i s  f i r s t  no t iced .  In pathology acute re fe rs  to  the 

inf lammatory process and what are thought to be i t s  i n i t i a l  

recognisable stages. The e a r l i e s t  m orpho log ica l ly  detectab le  

events are vascular changes which are seen as congest ion and 

oedema. Shor t ly  fo l lo w in g  t h i s  inf lammatory c e l l s  such as 

n e u t rop h i ls  may invade the damaged t i s s u e .  I t  must be recognised
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t h a t  acute in one sense e .g . c l i n i c a l l y ,  may not necessar i ly  

r e f l e c t  acute in another sense e.g. m icrob io l  o g i c a l l y  or 

p a th o lo g ic a l l y .  In in v e s t ig a t in g  r e s p i ra to ry  disease outbreaks due 
to  i n fe c t io u s  agents care should be taken to note the t im ing  of the 

tak ing  of any samples or of making any observat ions in r e la t io n  to  
the i n i t i a l  stages of the pathogenesis of the disease. Despite the 

d i f f i c u l t i e s  inherent in t h i s  approach i t  o f fe rs  the most d i r e c t  

v/ay o f  studying the assoc ia t ion  between v iruses and disease, given 

appropr ia te  samples and in v e s t ig a t i v e  techniques.

The diagnosis of i n f e c t i o n  w ith  RS v i ru s  has presented many 

problems in the bovine (Wellemans, 1977), R e la t i v e ly  few diagnoses 

have been made by v i r a l  i s o l a t i o n  as the v i rus  is  l a b i l e  and grows 

poorly  in ce l l  c u l t u re .  Specia l ised labo ra to ry  f a c i l i t i e s  are 

needed fo r  these techniques and co r rec t  storage and t ra n sp o r t  of 

samples must be observed i f  they are to  reach the labo ra to ry  in a 

s u i t a b le  s ta te  f o r  successful v i r a l  i s o l a t i o n .  Appropr ia te 

f a c i l i t i e s  are not w idely  a va i la b le  in the UK. The m a jo r i t y  o f  

diagnoses have been made on the basis of se ro log ica l  examinations. 
The cond i t ions  under which serum samples should be co l le c te d  are 

less s t r i n g e n t ,  except with respect to t im ing ,  than those fo r  v i r a l  
i s o l a t i o n .  The most commonly used se ro log ica l  te s t  is  the 

measurement of serum n e u t r a l i s in g  ant ibody. However, the re su l ts  
o f  these i n v e s t ig a t io n s  are not a va i la b le  fo r  at leas t  s ix  weeks; 

fou r  weeks between paired serum samples and two weeks to perform 
the t e s t .  Thus the re s u l t s  may have l i t t l e  relevance to diagnosis 

"on the farm". Where animals have died pa tho log ica l  examination of 

lung t issue  may achieve a d iagnos is ,  p a r t i c u l a r l y  where t h i s  is  

complemented by the de tec t ion  o f  v i r a l  antigens in the pneumonic 

lung. Immunofluorescent s ta in in g  o f  ace tone- f ixed frozen sect ions 

o f  lung t issue  have commonly been used fo r  t h i s  purpose (Wellemans, 

1977; Thomas and S t o t t ,  1981; Elazhary and o the rs ,  1982; van den 

Ingh and o thers, 1982). Whi ls t  f rozen t issue  sect ions can a f fo rd  a 

convenient method o f  diagnosis they do have several drawbacks. 

Specia l ised equipment is  necessary to prepare the sect ions and 

these are not widely a v a i la b le .  Blocks of t i ssue  are usua l ly  small 

and focal in fe c t io n s  may be missed. The loss of morphological
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d e ta i l  incurred  during the f reez ing  process can mean th a t  the 

re la t io n s h ip  between v i r a l  ant igens and the h is to p a th o lo g ica l  

fea tu res are d i f f i c u l t  to  assess. F in a l l y ,  storage of mater ia l  is 

expensive and may be associated with  dess ica t ion  and des t ru c t ion  of 

the t i s s u e .

These problems can p a r t l y  be overcome by using mater ia l

which has been f i xe d  in convent ional h is topa tho l  ogical  f i x a t i v e s  

and embedded in p a r a f f i n  wax. The f a c i l i t i e s  fo r  t h i s  are more 

widely a v a i l a b le ,  morphological d e ta i l  is  b e t te r  preserved and 

storage is  both cheap and e f f e c t i v e .  There are, however, problems 

with  mater ia l  processed in t h i s  way. The de tec t ion  of v i r a l  

ant igens in such t i s su e  by immunofluorescence has requi red 

spec ia l ised  methods which have y ie lded  in co n s is te n t  re s u l t s

(Fraser,  1964). Recent ly,  however, Huang and others (1975) 

reported th a t  d ig e s t io n  o f  de-waxed sect ions w ith  the enzyme 

t r y p s in  enhanced the s ta in in g  of var ious antigens in f o rm a l in - f i x e d  
paraff in-embedded t i s s u e s .  Using t h i s  technique Swoveland and 

Johnson (1979) were able to  detect measles v i r a l  ant igens in human 
b ra in ,  l i v e r  and lung. In t h i s  thes is  a s im i l a r  technique was 

developed to  detect  RS v i r a l  and PI3 v i r a l  ant igens in bovine lung.

METHOD FOR THE DETECTION OF VIRAL ANTIGENS IN PNEUMONIC LUNG

The t issues  were f i xe d  in 10% buffered neutra l  fo rma l in  or 

co r ros ive  formol and were processed fo r  convent ional h is topa tho logy  

as described in Sect ion Two. Sections of paraff in-embedded lung, 3

to  5p t h i c k ,  were cut and f i xe d  to  grease-f ree microscope s l id e s  by

heat ing to 58*C fo r  at l e a s t  30 minutes. A f te r  de-waxing in three 

changes o f  fresh xylene the t issues  were rehydrated through graded 

a lcoho ls  and washed thorough ly  in running tap water.  I f  the t is sue  

had been f i x e d  in co r ros ive  formol an a d d i t iona l  step was requi red 

to  remove deposi ts  of mercuric  s a l t s .  The sect ions were immersed 

f o r  f i v e  minutes in  a s o lu t io n  o f  5% iod ine in  70% methylated 

s p i r i t s  and were then decolour ised in 2 . 5% aqueous sodium 

h ypoch lo r i te  s o lu t io n  f o r  a few seconds. Fol lowing t h i s  they were 
r insed thoroughly  in running tap water.
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The sect ions were then t rea ted  w ith  t r y p s in  so lu t io n  to 

expose v i r a l  an t igen ic  determinants.

T ry p s in i sa t ion Procedure

Fresh 0.2% t r y p s in  so lu t io n  was prepared by d is s o lv in g  0.2g 

powdered pig t r y p s in  (D i fco )  in  100ml de- ion ised water.  Anhydrous 

calcium ch lo r id e  {0.Q2g) was added and the pH of the so lu t io n  was 

ad justed to 8 by the dropwise a d d i t io n  of O.IM sodium hydroxide 

s o lu t io n .  Hydrated sect ions o f  t i s su e  were incubated in t h i s  

s o lu t io n  f o r  30 minutes at 3 7 ° C  a f t e r  which they were r insed 

thorough ly  in running tap water.

Sections prepared by t r y p s i n i sa t ion  were then sta ined fo r  RS 

v i r a l  or PI3 v i r a l  ant igens by the same method as described fo r  

frozen t i s s u e  sect ions (see Section Two).

Using the immunofluorescence technique, v i r a l  i s o l a t i o n  and 

se ro lo g ica l  te s ts  22 outbreaks o f  r e s p i r a to r y  disease in immature 

c a t t l e  in the West o f  Scotland were inve s t ig a te d  in d e t a i l .  

Unequivocal evidence of i n f e c t i o n  w ith  e i t h e r  RS v i ru s  or PI3 v i rus  

was detected in e ig h t  outbreaks (A to  H) and these inc iden ts  w i l l  

be described in t h i s  se c t io n .  Over the same period mater ia l  was 

received from outbreaks o f  r e s p i r a to r y  disease which had been 

re fe r re d  to Veter inary  In v e s t ig a t io n  Centres in England. Several 

in d iv id u a l  cases o f  RS v i r a l  or PI3 v i r a l  i n f e c t i o n  were detected 

and these w i l l  also be descr ibed. They are i d e n t i f i e d  by 

i n d iv id u a l  case numbers e .g . case RCl. Photographs re la t i n g  to  

re s p i r a to r y  diseases in v o lv in g  RS v i ru s  or PI3 v i ru s  are presented 

at the end o f  the appropr ia te  sec t ion .
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RESPIRATORY DISEASE INVOLVING RS VIRUS: OUTBREAK A

In t ro d u c t io n

This outbreak occurred in a "c losed" da i ry  herd of 60 

F r ies ian  cows which calved to  e i t h e r  a da i ry  b u l l  (by a r t i f i c i a l  

inseminat ion )  or a beef bu l l  (h ired  from neighbours).  F r ies ian  

h e i f e r  calves were reared as herd replacements and other  calves 

were reared fo r  beef.  The r e s p i r a to r y  disease outbreak occurred 

dur ing October 1982. At t h i s  t ime the animals on the farm were 

d iv ided  in to  the fo l lo w in g  groups ( 1 ) adu l ts  ( i i )  calves and ( i i i )  
i n - c a l f  h e i f e r s .

The adu l t  m i lk ing  cows and dry cows were loose-housed in a 

cub ic le  b u i ld in g  with  access to a s e l f - fe e d  s i lage  face. They had 

been housed fo r  the w in te r  period dur ing the f i r s t  week of October 

but p r i o r  to th a t  had been housed at n igh t  only f o r  two weeks.

The calves were sub-d iv ided in to  four  groups on an age
basi s.

Group 1 consis ted o f  11 calves aged between one day and

e ig h t  weeks old housed in  a converted byre. The s o l id  p a r t i t i o n s  

d i v id in g  each s t a l l  o f  the byre were extended over the g r ip ,  using 

wooden r a i l s ,  to a wooden gate. This made each s t a l l  in to  a pen. 

One or two ca lves,  o f  approximately  equal ages, were housed on 

straw in each pen. They had d i r e c t  contact w ith  neighbours in the 

immediately adjacent pens over the wooden r a i l s .  Mi lk  s u b s t i tu te  

was fed tw ice d a i l y  from buckets which were washed, but not 

s t e r i l i s e d ,  between each feed ing .  At e ig h t  weeks o f  age calves

were weaned and moved in to  group 2 .

Group 2 was f i v e  calves aged between e igh t  and ten weeks 

o ld .  This group was housed in a low-roofed b u i ld in g  which had been 

d iv ided  in to  four  pens, each measuring approximately 2.5m by 2.5m, 

with  s o l i d  d iv id in g  wal ls  Im h igh. Three pens were being used, two

w i th  two calves in each and one conta in ing  one c a l f .  Hay and

56



concentra tes were fed twice d a i l y .  From t h i s  group calves were 

moved in to  group 3 at approx imate ly  10 weeks of age.

Group 3 was 10 calves aged between 10 weeks and s ix  months. 

This group was housed in a loose-box measuring approximate ly 8m x 

5m and were bedded on st raw. The box was open on three sides w ith  

a combinat ion of gates and hayracks b lock ing access to  the 

e x t e r i o r .  Calves were fed hay, straw and concentra tes . These 

calves had not been at grass.

Group 4 was 16 calves aged between s ix  and 12 months.

These animals were housed in a b u i ld in g  measuring approx imate ly  20m 

by 6m. The b u i ld in g  was open at one end, where there  was a tub u la r  

stee l gate, and fo r  h a l f  o f  one side where there  was a feeding 

rack. At the o ther  end were two s tab le - type  doors, each 1.25m wide 

and with  the top h a l f  permanently open. The ro o f  was made o f  

asbestos sheet ing w i th  a closed r idge .  Hay and concentrates were 

fed tw ice d a i l y .  This group o f  animals had been at grass over 

summer and had been moved indoors at the beginning of October. Two 
days a f t e r  housing they were t re a te d  w ith  an a n th e lm in t i c .

The group of i n - c a l f  h e i fe rs  were at grass at the t ime o f

the in c id e n t  and were not in d i r e c t  contact  w ith  other  animals on

the farm, A b u l l ,  which had been h ired  from a neighbouring farm at

the beginning of October, was running w ith  these animals.

H is to ry  o f Resp i ra to ry  Disease Outbreak

On 11.10.82 a c a l f  in Group 1 (Cal f  A l l )  was not iced to be 

i l l .  According to  the fa rm er 's  w ife  i t  was apparent ly  normal at 

the morning feeding but during the afternoon developed 

" d i f f i c u l t i e s  w i th  i t s  b re a th in g " .  I t s  re s p i r a to r y  rate and depth 

were ra ised .  Over a period of fou r  to  s ix  hours t h i s  apparent ly  

became worse and the c a l f  was given 7m 1 o x y t e t r a c y l i ne ( P f i z e r ,  

Terramycin Q50) in t ra m u scu la r ly .  Vete r inary  a t te n t i o n  was not
sought and the c a l f  recovered.
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On 17,10.82 another c a l f  ( c a l f  A20) t h i s  t ime in group 2 , 

was not iced to  be " o f f  co lou r "  at the morning feeding but seemed to  

have recovered by the evening. The next morning the c a l f  appeared 

to  be having d i f f i c u l t y  breath ing ye t  was b r ig h t  and able to ea t ,  

During the day, however, i t s  cond i t ion  de te r io ra te d  and i t  appeared 

to  be having d i f f i c u l t y  breath ing out.  Exp i ra to ry  e f f o r t s  were 

accompanied by a grunt and the c a l f  v/as standing w i th  head and neck 

extended and i t s  tongue out.  Ve ter inary  a t te n t io n  was sought and 

"pneumonia" was diagnosed. Despite treatment with o x y t e t r a c y c l i ne 

and betamethasone the c a l f  died th a t  evening. At t h i s  t ime other  

calves in Groups 1 and 2 were thought to be i l l  and a l l  were 

t re a te d  with  o x y t e t r a c y c l i ne and betamethasone.

On 19.10.82 a post-mortem examination was ca r r ie d  out on 

c a l f  A20 at the local Veter inary  I n v e s t ig a t io n  Centre. S ig n i f i c a n t  

f in d in g s  in the lungs were " c o n s o l id a t io n "  o f the c ran ia l  lobes, 

the middle lobe and the c ran ia l  parts  of the caudal lobes. In 

a d d i t io n  there was severe i n t e r s t i t i a l  emphysema of a l l  lobes with 

b u l la  fo rmation in the caudal lobes. The la rg e s t  bu l la  was 

approximate ly  6cm in diameter.  Small amounts o f f r o th y  mucus were 

present in the trachea and major bronchi .  No other s i g n i f i c a n t
f in d in g s  were recorded.

C l i n i c a l  Findings

F i r s t  v i s i t :  The farm was f i r s t  v i s i t e d  on 21.10.82. A l l  calves in

Group 1 appeared b r ig h t  and none were anorex ic .  Three were 

s l i g h t l y  hyperpnoeic and tachypnoeic . Three calves had a s l i g h t  

serous nasal discharge and two had a s l i g h t l y  elevated recta l
temperature (103 .5°F). Occasional coughing was noted in the group, 

p a r t i c u l a r l y  from c a l f  A l l .  On auscu l ta t io n  the only abnormal i t ies  

detected in  Group 1 were in c a l f  A l l  which had harsh i n s p i r a to r y

and e xp i ra to ry  sounds. Other calves had harsh sounds but only at 

the end of i n s p i r a t i o n .  No a d ven t i t io u s  sounds were detected in

any c a l f .
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Two of the four  calves in Group 2 were s l i g h t l y  du l l  and had 

been re lu c ta n t  to eat th a t  morning. They were also hyperpnoeic and 

tachypnoeic and one c a l f  had a s l i g h t  serous nasal discharge. Two 

calves were s l i g h t l y  py rex ic  (103.8®F). A l l  o f  the calves coughed 

occa s io n a l l y .  On auscu l ta t io n  two of the four  calves had harsh 

i n s p i r a t o r y  and e x p i ra to ry  sounds. No adven t i t io u s  sounds were 

detected.

The farmer was not concerned about the heal th  o f  the calves 

in  Group 3, although they had not "done" as wel l as he had 

expected. In view of t h i s ,  and in sp i te  of the fa c t  tha t  they had 

never been at grass, they had been t rea ted  with  an a n th e lm in t i c  on

20.10.82. There was sporadic coughing in the group at re s t .  Most 

o f  the calves were hyperpnoeic and tachypnoeic.

The farmer was not concerned about the heal th  of the animals 

in  Group 4, however, there  was sporadic coughing in the group at 

r e s t .  No animals were obv ious ly  hyperpnoeic or tachypnoeic. They 

had not been vaccinated against p a r a s i t i c  b r o n c h i t i s  but had been 

t rea ted  with an a n th e lm in t i c  "seve ra l "  t imes w h i l s t  at  grass and 

once two days a f t e r  being housed.

At t h i s  v i s i t  blood samples and nasopharyngeal swabs were 

taken from a l l  animals in groups 1 and 2. The other groups were 

observed but no d e ta i le d  c l i n i c a l  examination was made, nor were 
samples taken.

Second v i s i t ;  A second v i s i t  to  the farm was made two days l a t e r  

on 23.10.82. At t h i s  v i s i t  the c l i n i c a l  f ind ings  in the animals in 
Groups 1 and 2 were unchanged.

Since the f i r s t  v i s i t  the farmer had become worr ied about 

the heal th  of one of the calves ( c a l f  A27) in  Group 3, I t  had been 

re lu c ta n t  to  feed and seemed to have d i f f i c u l t y  breath ing on

22.10.82, however, i t  appeared to  respond to treatment w ith  

o x y t e t r a c y c l i ne and betamethasone. On the fo l lo w in g  day i t  was 

d u l l ,  dyspnoeic and coughed o cca s io n a l ly .  I t s  rec ta l  temperature
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was 101.8°F. On a u scu l ta t io n  harsh i n s p i r a to r y  and e x p i ra to ry  

sounds were heard in the c ran ioven t ra l  areas o f  both lung f i e l d s .  

There were no a d ven t i t io u s  sounds. One of the other  animals in  the 

group ( c a l f  A24) was pyrex ic  (104.8°F),  moderately tachypnoeic and 

had harsh in s p i r a to r y  and e x p i ra to ry  sounds. The res t  of the group 

were s l i g h t l y  tachypnoeic and hyperpnoeic and coughed occa s io n a l l y .

The f in d in g s  in  Group 4 were s im i l a r  to those observed 

during the f i r s t  v i s i t .  Five animals sampled at random had rec ta l  

temperatures w i th in  the normal range. The farmer was not worr ied 

about the heal th  of the a d u l ts .

Blood samples and nasopharyngeal swabs were taken from a l l

animals in  Group 3, from 14 animals in  Group 4 and from four

a d u l ts .  The farmer was re lu c ta n t  to have more adults  sampled.

On 25. 10.82 c a l f  A27, from Group 3, d ied. P r io r  to i t s  

death i t  appeared to  be having extreme d i f f i c u l t y  b rea th ing .  I t
stood with  i t s  head and neck extended, i t s  tongue out and was

f r o th i n g  at the mouth. The lungs were obtained fo r  pa tho log ica l  

exami nat i  on.

Th i rd  v i s i t :  Four weeks a f t e r  the f i r s t  v i s i t  the farm was

r e v i s i t e d  and nasopharyngeal swabs and blood samples taken from the 

animals in Groups 1 ,2 ,3  and 4. In a d d i t io n  11 a d u l t s ,  taken at 

random, were sampled. Calves born since the l a s t  v i s i t  were also 
sampled.

Patholog ical  Findings 

Cal f  A20

Gross: The s i g n i f i c a n t  f in d in g s  at post-mortem examination of c a l f

A20 were co nso l ida t ion  in the c ran ia l  par ts  o f a l l  o f  the lung 

lobes and severe i n t e r s t i t i a l  emphysema with  bu l la  formation in the 
caudal lobes.

60



Microscopic : There v/as an acute pneumonia w ith  damage to  the

bronch io la r  and the a lve o la r  e p i t h e l i a .  There v/as oedema and 

congestion of the a lve o la r  wal ls  and in some areas i n f i l t r a t i o n  of 

the a lv e o l i  w ith  macrophages and n e u t ro p h i ls .  There was focal 

necros is  and hyperp las ia  of the a lve o la r  ep i the l ium .  In most 

sect ions there were marked changes a f fe c t in g  the b ronch io les .  In 

the ep ithe l ium foc i  of  necrosis  and of degenerat ing e p i t h e l i a l  

c e l l s  were apparent.  Neutrophi ls  and c e l l u l a r  debr is  were present 

in  the lumen. Amongst the c e l l u l a r  debris were large syncyt ia  w ith  

densely e o s in o p h i l i c  cytoplasm and da rk ly  s ta in in g  pynknot ic  

n u c le i .  In these c e l l s  the r a t i o  of nuclear  mass to cytoplasm was 

high and the nucle i  were genera l ly  c e n t r a l l y  placed w i th in  the 

c e l l .  At leas t  one of these syncyt ia  contained an eos inoph i lc  
in t racy top lasm ic  inc lu s ion  body. The p e r ib ro n c h io la r  t issues were 

d i f f u s e l y  i n f i l t r a t e d  w ith  small numbers of lymphocyt ic c e l l s .

Most sect ions had evidence of focal i n t r a - a l v e o l a r  haemorrhage and 

i n t e r s t i t i a l  emphysema.

A to ta l  of  20 blocks of t i ssue  taken from the r i g h t  cran ia l  

lobe, the middle lobe and the c ra n ia l  par ts of the r i g h t  caudal 

lobe showed s im i la r  changes, al though syncyt ia  were not seen in a l l  
sec t i  ons.

Immunofluorescence: Six o f  20 blocks o f  t i ssue  from the pneumonic

areas were found to conta in  RS v i r a l  ant igens, but none contained 

PI3 v i r a l  ant igens. Respira tory  syncy t ia l  v i r a l  antigens were

present in both b ronch io la r  and a lv e o la r  e p i t h e l i a l  c e l l s .  In some

areas the m a jo r i t y  of the c e l l s  l i n i n g  an Ind iv id u a l  a lveolus

contained ant igens whereas in other  areas of the same sect ion

a n t ig e n -p o s i t i v e  c e l l s  were scanty or absent. No antigens were

detected in the a lve o la r  septal  c e l l s  or in c e l l s  free in the 
a lv e o la r  lumen.

In bronchio les v i r a l  ant igens were present in  e p i t h e l i a l

c e l l s  and in c e l l s  free  in the lumen. Some ant igen p o s i t i v e
lumenal c e l l ^  were m u l t inuc lea ted .
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Calf  A27

Gross: The s i g n i f i c a n t  f in d in g s  at post-mortem examination of t h i s

c a l f  were conso l ida t ion  in the c ran ia l  lobes, the middle lobe and

the c ran ia l  parts  of the caudal lobes and severe i n t e r s t i t i a l

emphysema with b u l la  fo rmation in the caudal lobes (F ig .  12). A 

few o v e r in f la te d  non-pneumonic lobules were d is t r i b u te d  throughout'  

the p o s te r io r  par t  o f  the l e f t  c ran ia l  lobe, the c ran ia l  part  o f  

the l e f t  caudal lobe and r i g h t  middle lobe. The trachea was

congested and contained moderate amounts of white f r o th y  mucus.

Microscopic : There was congest ion and oedema of the a lveo la r  wa l ls

w i th  macrophages and neu t rop h i ls  in the a irspaces. The a lve o la r  

e p i the l iu m  was f o c a l l y  h yp e rp la s t i c  and the septae were thickened 

w ith  oedema f l u i d ,  lymphocyt ic  c e l l s  and mononuclear c e l l s .  The 
b ro n ch io la r  ep i the l ium  was low, f l a t  and the c e l l s  were s l i g h t l y  

b a s o p h i l i c .  In some areas there  was e a r ly  b r o n c h i o l i t i s  o b l i te ra n s  

and p e r ib ro n c h io la r  f i b r o s i s .  D i f fuse  accumulat ions of lymphocyt ic 

c e l l s  were present around some bronch io les .  There were areas of 

i n t r a - a l v e o l a r  haemorrhage and, in some sec t ions ,  i n t e r s t i t i a l

emphysema. No syncy t ia  or c e l l s  w ith  inc lu s ion  bodies were seen.

Immunofluorescence: Sections from a l l  lung lobes were negat ive fo r

RS v i r a l  and PI3 v i r a l  ant igens by immunofluorescence.

M ic rob io lo g ica l  Findings

Attempts were made to  i s o la te  v i ruse s ,  bac te r ia  and 

mycoplasmes from lung t issue  taken from calves A20 and A27. No 

pathogenic organisms were recovered. Nasopharyngeal swabs taken 

from animals during the outbreak y ie lded  an i s o la te  of RS v i ru s  
from c a l f  A14.

Sero log ica l  Findings

The re su l t s  o f  the s e r o lo g i c a l ’ exmainations fo r  an t ibod ies  

to  RS v i ru s  and PI3 v i r u s  are shown in  Tables 2 to  6 . In Group 1
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none of the calves seroconverted to RS v i ru s  although in four  the 

ant ibody leve ls  did not d e c l in e .  In Group 2 one c a l f  (A16) 

seroconverted to RS v i ru s  and two had r i s i n g  ant ibody t i t r e s .  In 

Group 3 f i v e  calves seroconverted to  RS v i r u s ,  in  Group 4 two 

animals seroconverted as did one of the a d u l ts .  There was no

evidence of i n f e c t i o n  w i th  PI3 v i rus  in any of the animals tes ted .  

No sera were checked fo r  an t ibod ies  to any other v i ruses .
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TABLE 2: N e u t ra l i s a t io n  t i t r e  to r e s p i r a to r y  syncy t ia l

(RS) v i rus  and h a e m a g g lu t in a t io n - in h ib i t i o n  t i t r e  to 

para in f luenza type 3 (PI3) v i rus  in paired sera from the 

calves in  Group 1 in  outbreak A.

RS vi rus
Cal f

number 21.10.82 22.11.82 CF 21

PI3 vi  rus 

.10.82 22.11.82 CF

A1 1660 320
A2 900 1280
A3 900 320
A4 3000 640
A5 140 180 1.28 80 80 1.00

A6 140 165 1.17 80 160 2.00

A7 720 500 0.69 160 160 1.00

A8 C30 210 0.33 80 80 1.00

A9 320 180 0.56 160 40 0.25
AID 320 330 1.03 80 160 2 .00

A l l 1450 950 0.65 640 320 0.50
A12 890 210 0.23 320 80 0.25
A13 1320 700 0.53 160 80 0.50
A14* 1780 3300 1.85 320 160 0.50
A15 1100 870 0.79 1280 640 0.50

OF = Conversion Factor
* = RS v i ru s was is o la te d  from a nasopharyngeal swab

taken from t h i s  c a l f on 21 . 10 . 82.
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TABLE 3: N e u t ra l i s a t io n  t i t r e  to re s p i ra to ry  syncy t ia l

(RS) v i rus  and h a e m a g g lu t in a t io n - in h ib i t i o n  t i t r e  to  

para in f luenza type 3 (PI3) v i rus  in paired sera from the 

calves in  Group 2 in outbreak A.

RS vi rus PI3 vi rus

Cal f

number 21.10.82 22.11.82 CF 21.10.82 22.11.82 CF

A16 10 650 65.00 320 320 1.00

A17 560 660 1.17 320 160 0.50

A18 1260 800 0.63 320 160 0.50

A19 430 690 1.60 160 40 0.25

CF = Conversion Factor
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TABLE 4: N e u t ra l i s a t io n  t i t r e  to r e s p i r a to r y  syncy t ia l

(RS) v i rus  and h a e m a g g lu t in a t io n - in h ib i t i o n  t i t r e  to 

para in f luenza type 3 (PÎ3) v i rus  in paired sera from the 

calves in  Group 3 in outbreak A,

Cal f

number

RS v i rus  

23.10.82 22.11.82 CF

PI3 vi rus 

23.10.82 22.11.82 CF

A21 160 640 4.00 160 80 0.50
A22 1000 2300 2.30 160 160 1.00

A23 400 800 2.00 320 160 0.50
A24 900 3800 4.22 640 640 1 .00
A25 400 450 1.12 80 80 1.00

A26 400 2000 5.00 640 . 320 0.50
A27 3800 NS - 40 NS -

A28 500 2100 4.20 160 160 1.00
A29 500 4000 8 .00 320 160 0.50
A30 1380 3630 2.63 160 160 1.00

CF = Conversion Factor
NS = No Sample. This c a l f died on 25.10.82
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TABLE 5: N e u t ra l i s a t io n  t i t r e  to re s p i ra to ry  syncy t ia l

(RS) v i rus  and h a e m a g g lu t in a t io n - in h ib i t i o n  t i t r e  to  

para in f luenza type 3 (PI3) v i rus  in paired sera from the 

calves in  Group 4 in  outbreak A.

Calf

number

RS

23.10.82

vi rus 

22.11.82 CF

PI3 vi rus 

23.10.82 22.11.82 CF

A31 2000 2400 1.20 320 80 0.25

A32 9000 13800 1.53 160 320 2 .00

A33 1660 6920 4.16 160 80 0.50
A34 2100 2400 1.14 80 80 1.00

A35 1000 NS - 40 NS —

A36 NS 5000 - NS 40 -

A3 7 1000 200 0 .20 160 80 0.50
A38 3?00 2560 0.77 320 320 1.00

A39 2000 2760 1.38 160 160 1.00

A40 11500 12600 1.09 160 320 2 .00

A41 950 3300 3.47 160 160 1.00

A4 2 NS 5000 - NS 160 1.00

A4 3 4200 3800 0.90 80 160 2 .00

A44 520 2560 4.94 80 80 1.00

A4 5 3800 4800 1.26 80 80 1.00

A46 3800 6300 1.65 160 40 0.25

CF = Conversion Factor 

NS = No sample
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TABLE 6: N e u t ra l i s a t io n  t i t r e  to r e s p i r a to r y  syncy t ia l

(RS) v i ru s  and h a e m a g g lu t in a t io n - in h ib i t i o n  t i t r e  to  

para in f luenza type 3 (PI3) v i rus  in paired sera from the 

ad u l t  c a t t l e  in  outbreak A.

Adul t  

number

RS

23.10.82

v i rus

22.11.82 CF

PI3 vi rus 

23.10.82 22.11.82 CF

A47 NS 1260 NS 320

A48 NS 1000 - NS 320 -

A49 NS 3600 - NS 320 -
A50 260 1250 4.86 320 160 0.50

A51 1260 NS - 320 NS -

A52 NS 640 - NS 320 -
A53 NS 260 - NS 640 -
A54 NS 1750 - NS 320 -
A55 NS 1660 - NS 640 -

A56 NS 5000 - NS 640 -
A57 1900 NS - 320 NS -
A58 1660 NS - 160 NS -
A59 NS 640 - NS 640 -
A60 NS 800 - NS 80

CF = Conversion Factor 

NS = No sample
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Pi scussi on

On the basis o f  c l i n i c a l ,  p a th o lo g ica l ,  v i r o l o g i c a l  and 
se ro log ica l  f in d in g s  there is  strong evidence t h a t  RS v i rus  v/as the

a e t i o lo g ic a l  agent in t h i s  outbreak. At the time of the in c id e n t

RS v i r a l  i n f e c t i o n  v/as a c t ive  in  Groups 1, 2, 3 and 4 and in  the 

a d u l ts .  The v i rus  was i so la te d  from the nasal secre t ions  of c a l f  

A14 in  Group 1 during the acute phase of the outbreak. Cal f  A20

from Group 2 died in severe re s p i ra to ry  d is t re s s  and had

patho log ica l  les ions  i n d i c a t i v e  of RS v i r a l  i n f e c t i o n .  This v/as 

confirmed by immunofluorescence. A c a l f  (A16) in  d i r e c t  contact 

w ith  i t  seroconverted to  RS v i r u s .  Cal f  A27, which also died in  

severe re s p i ra to ry  d i s t r e s s ,  had les ions in the r e s p i r a to r y  t r a c t  

ep i the l ium  which were suggest ive o f  a p r i o r  v i r a l  i n f e c t i o n  and i t  

had a high t i t r e  o f serum n e u t ra l i s in g  ant ibody to  RS v i rus  two 

days before i t  d ied. Five o f  the nine calves in d i r e c t  contact 

w i th  i t  seroconverted to RS v i r u s .  There was no evidence of

i n f e c t i o n  w ith  PI3 v i rus  in e i t h e r  dead c a l f  and no pathogenic 

b ac te r ia  or mycoplasmas were iso la te d  from t h e i r  lungs. Two of the 

calves (A33 and A44) in  Group 4 seroconverted to  RS v i rus  as did 

one of the adul ts  (A50).

The source of i n f e c t i o n  in t h i s  outbreak v/as not i d e n t i f i e d  

co n c lu s ive ly .  The farm was a "c losed" da i ry  herd and al though cows 

were o ccas iona l ly  bought none had entered the herd during the 
previous year .  A neighbour 's  bu l l  had been moved onto the farm in 

e a r ly  October 1982 but was running w i th  the i n - c a l f  h e i fe rs  and was 

not in d i r e c t  contact w ith  the groups of animals which developed 

re s p i r a to r y  disease. The fa rmer 's  vet had disbudded the calves in 

Group 1 on 7.11.80 and four  days l a t e r  one o f  these calves ( A l l )  

became i l l  w ith  re s p i ra to ry  disease. Ten days l a t e r ,  at the f i r s t  

v i s i t ,  RS v i rus  was present in the nasal secre t ions  of c a l f  A14 

which was in d i r e c t  contact  w i th  A l l .  Calf  A14 was showing signs 

o f  r e s p i r a to r y  disease w i th  coughing, tachypnoea, hyperpnoea and 

s l i g h t  dyspnoea. Despite t h i s  there was no unequivocal se ro log ica l  

evidence of RS v i r a l  i n f e c t i o n  in the res t  o f  the group. None of 

the calves seroconverted to  RS v i ru s  although in  fou r  calves
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(A5, A6 , AiO and A14) the ant ibody t i t r e  stayed constant or rose 

s l i g h t l y  and did not dec l ine  as would have been expected i f  t h i s  

ant ibody had been derived from colostrum (T iza rd ,  1982). Thomas 
(1973) suggested th a t  m a te rna l ly  derived ant ibody could mask 

seroconversion and t h i s  could have occurred in the animals in Group 

1. Another poss ib le  source of v i r a l  i n f e c t i o n  is  suggested by the 

f i n d in g  th a t  a p ropor t ion  of in d iv id u a l  bovine foetuses had serum 

ant ibody to  RS v i ru s  (Gould and o the rs ,  1978). This ra ises the 

p o s s i b i l i t y  th a t  i n -u te ro  i n f e c t i o n  of one of the calves in Group 1 

could have been responsib le  fo r  the i n t ro d u c t io n  o f  v i r u s .

I f  not from an external  source then RS v i rus  may have been 

present on the farm i t s e l f  f o r  some time w ith  i t s  presence only 

coming to  l i g h t  because young suscept ib le  animals had become 

in fe c te d  w ith  serious consequences. In fe c t io n  was present in both 

Group 4 and the adul ts  w i thou t  there being severe c l i n i c a l  signs o f  

r e s p i r a to r y  disease. There is  evidence tha t  o lder  animals such as 

these are p o t e n t i a l l y  suscep t ib le  to  i n f e c t i o n  and disease due to  

RS v i rus  (Paccaud and Jacqu ier ,  1970; Koves and Bartha, 1975) and

th e re fo re  th a t  immunity is  not re la ted  to age per se. In the human

secondary and subsequent i n f e c t io n s  with  RS v i ru s  are not 

associated with  the severe c l i n i c a l  signs o f  some primary

in fe c t i o n s  (Beem and o the rs ,  1960). This being the case i t  is

poss ib le  t h a t  Group 4 and the adu l ts  were not undergoing t h e i r

f i r s t  i n f e c t i o n  w ith  RS v i ru s  and had been exposed before. S to t t  

and others (1980) found th a t  repeat in fe c t io n s  w ith  RS v i rus  can 

occur in the bovine and suggested th a t  p e rs is te n t  i n f e c t io n s  could 

a lso occur.  React iva t ion  o f  p e rs is te n t  i n f e c t i o n  has been 

suggested as the source of v i rus  in two outbreaks of re s p i ra to ry

disease due to  RS v i rus  (Thomas and o the rs ,  1980; Elazhary and 

o thers ,  1982). In one inc id e n t  "s t re ss "  was thought to have

re a c t iva ted  a p e rs is te n t  i n f e c t i o n  w ith  subsequent spread to o ther  

suscep t ib le  animals in  the group. In the present outbreak both 

Group 4 and the adu l ts  had re ce n t ly  been housed and t h i s  could

c o n s t i t u te  a " s t r e s s " .  A l t e r n a t i v e l y  the v i rus  could have
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surv ived in both groups by r e in fe c t io n  of p a r t i a l l y  immune 
in d i v id u a ls  as is  thought to occur in the human (Henderson and 

o thers ,  1979). On housing the frequency of r e in f e c t i o n  may have 

increased as the animals came in c lose r  and more frequent contact 

w i th  each o the r .  The t i t r e  of v i ru s  in the group would r i se  and 

could act as a source o f  i n f e c t i o n  fo r  other animals on the farm.

How the v i rus  spread from group to group on the farm is  not 

c le a r .  There were no o p p o r tu n i t ie s  fo r  d i r e c t  contact between the 

animals during the month before the outbreak began. However, in 

human hosp i ta ls  i n d i r e c t  transmission of v i rus  between in fa n ts  by 

contaminated hands and c lo th in g  of nurses and attendants is thought 

to  be a probable means of v i r a l  spread (Hal l and o thers ,  1980). 

This could happen during rou t ine  procedures on the farm such as 

dosing and feeding. There was no evidence th a t  the attendants 

themselves had acute r e s p i r a to r y  disease at the t ime of the 

i n c id e n t ,  al though the fa rmer 's  fa th e r ,  who helped feed the ca lves, 

was a chronic b r o n c h i t i c .  Cats present on the farm were not 

inves t iga ted  m i c r o b i o l o g i c a l l y . Al though there is  evidence th a t  

they are suscep t ib le  to  i n f e c t i o n  w ith  RS v i rus  (P r ing le  and Cross, 

1978) whether they are suscept ib le  to in f e c t i o n  w ith  bovine RS 
v i rus  is  not known.
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RESPIRATORY DISEASE INVOLVING RS VIRUS: OUTBREAK B

In t ro d u c t io n

The farm on which t h i s  outbreak occurred was a mixed upland

farm w ith  a beef suck le r  herd and a sheep f l o c k .  In a d d i t ion  to

the suck le r  and sheep en te rp r ises  batches of young ca lves,
approx imate ly  40 at a t ime, were bought from a dea le r .  They were 

reared on milk  s u b s t i t u te  from a machine u n t i l  10 weeks o f  age then 

were weaned. At about fou r  months o ld they were moved in to  a 

s l a t t e d - f l o o r  house at a separate farm.

H is to ry  o f  Resp i ra to ry  Disease Outbreak

The batch of calves in  which the problem occurred had been 

"poor doers" throughout the rea r ing  period and had been weaned on 

1.12.80. A "few" deaths had occurred over the previous month and

had been diagnosed as "pneumonia" by the loca l  Veter inary

In v e s t ig a t io n  Centre. Over the previous week more calves had died 
and the res t  had became i l l .  A l l  were coughing and re lu c ta n t  to  

ea t .  They were a l l  housed, as a s ing le  group, in  an open-fronted 

shed measuring approx imate ly  6m by 16m. Sacks were suspended from 

the eaves and corrugated i ron  sheet ing was placed over the gates to 
minimise draughts. On 11.12.80 h a l f  o f  the su rv iv in g  calves had 

been moved in to  another open-fronted shed measuring 10m by 10m. At 

t h i s  stage s ix  animals were purchased fo r  f u r t h e r  examinat ion at 

the Ve te r inary  School. Two a r r ive d  dead (calves B1 and 82) and 
four  a l i v e  (calves 83, 84, 85 and 86 ) .

C l i n i c a l  Findings

F i r s t  V i s i t :  During the f i r s t  v i s i t  on 13,12.80 there v/as

widespread coughing throughout both groups of calves and a few were 

pneumonic. Blood samples were taken from 10 calves in each group 

and nasopharyngeal swabs were taken from h a l f  of  these. Another 

two animals were purchased fo r  f u r t h e r  examination (calves 87 and 
88).
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On 15.10.80 a second wave of coughing and pyrexia went 

through a l l  the ca lves. They were t rea ted  w ith  a combination of 

s h o r t -a c t in g  and long -ac t ing  te t r a c y c l i n e s  and subsequent recovery 

was u n e ve n t fu l .

Second V i s i t :  At the t ime of the second v i s i t  on 16.1.81 both

groups of calves had been moved to the other  farm. Occasional 

spontaneous coughing was present in the group but growth ra te  and 

feed comsumption were normal. Repeat blood samples were taken from 

most o f  the animals sampled at the f i r s t  v i s i t .

Both of the farmers a ttend ing  these calves had r e s p i r a to r y  

disease around the time of t h i s  i n c id e n t .  In one of them, a man 60 

years o f  age, t h i s  fo l lowed a p ro t rac ted  course and involved a 

per iod of h o s p i t a l i s a t i o n .  In n e i th e r  was a s p e c i f i c  diagnosis 

made.

Patho log ica l  Findings 

Cal f  B1

This c a l f  was dead on a r r i v a l .  The carcase was too decomposed to  

provide any useful  and r e l i a b le  in fo rm a t io n .  The lungs were 

conso l ida ted  and had severe i n t e r s t i t i a l  emphysema.

C a l f  B2

This animal died of r e s p i r a to r y  disease, al though exac t ly  when was 
not c le a r .

Gross: The pneumonic les ions were very s o l id  and plum coloured.

There was severe sub-p leura l  i n t e r s t i t i a l  emphysema in the caudal 

lobes and in  the r i g h t  middle lobe w ith  b u l la  formation in the 

c ran ia l  par t  of  the caudal lobes. Consolidated t issu e  was mott led 

in  appearance w i th  pale areas and a few small haemorrhages. On 

cross sect ion i t  was mainly a dry les ion  al though in a few places
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there  was oedema. The mucosae of the trachea and the bronchi were 

congested.

Microscopic : There was an acute pneumonia w i th  e p i t h e l i a l  damage.

There was focal necros is  o f the a lv e o la r  ep i the l ium  and 

macrophages and n e u t rop h i ls  were present in the lumen. In some 

areas there was focal hyperp las ia  of the a lv e o la r  ep i the l ium .  In 

the b ronch io la r  ep i the l ium  there  was focal necros is  and syncytium 

fo rmat ion.  Some syncyt ia  contained e o s in o p h i l i c  in t racy top lasm ic  

in c lu s io n  bodies. The p e r ib ro n c h io la r  t issues  were d i f f u s e l y  

i n f i l t r a t e d  by small numbers of lymphocytes and, occa s io n a l ly ,  

plasma c e l l s .

In a d d i t io n  to  these les ions  there were occasional areas 

w i th  b r o n c h i o l i t i s  o b l i te ra n s  or coagu la t ive  necrosis in the 

c ra n ia l  lobes. In the caudal lobes there was marked hya l ine 
membrane formation w i th  congest ion and oedema of the a lve o la r  

w a l l s .  There was focal p r o l i f e r a t i o n  of the a lv e o la r  ep i the l ium  
w i th  large b asoph i l i c  c e l l s  con ta in ing  large oval n u c le i .  No 

syncy t ia  or i n c l u s i c i  bodies were seen in e i t h e r  the a lve o la r  or 
the b ronch io la r  e p i t h e l i a .

Immunofluorescence: Resp ira tory  syncy t ia l  v i r a l  antigens were

detected by immunofluorescence in the r i g h t  c ran ia l  and middle 

lobes of the lung. Syncyt ia and s ing le  c e l l s  con ta in ing  antigens 

were found in  the b ronch io la r  and a lve o la r  e p i the l iu m .  Al l  t issues  

were negat ive f o r  PI3 v i r a l  ant igens.

Calves B3, B4, B5 and 86

The post-mortem f in d in g s  in  these animals were s im i la r  in 

cha rac te r  but va r ied in ex ten t .

Gross; There was a severe pneumonia with  co n so l ida t io n  of the 

c ra n ia l  and the middle lobes and the c ran ia l  par ts  of the caudal 

lobes .  The pneumonic les ions  were s l i g h t l y  co l lapsed w ith  a 

m o t t led  surface and a few petech ia l  haemorrhages. The bronchia l
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lymph nodes were enlarged.  In add i t ion  to these les ions c a l f  B3 

had a widespread e p i t h e l i a l i s i n g  les ion  in the caudal lobes. Calf  

B4 had widespread suppurat ive les ions in the r i g h t  c ran ia l  and 

middle lobes. Abscesses, vary ing in diameter from 0.5cm to  2.0cm 

were present in the pulmonary parenchyma and there was an ove r ly ing  

f i b r in o u s  p le u r i s y .  The les ions  in  c a l f  B6 were less extensive

than in the o thers .

Microscopic : The react ions in the c ran ia l  and the middle lobes and

in the c ra n io -v e n t ra l  par ts  o f  the caudal lobes were s im i l a r  in 

type in a l l  of the calves but var ied in extent and s e v e r i t y .  The 

most s t r i k i n g  and cons is ten t  les ions involved the bronchi and the 

bronch io les .  There was b r o n c h i t i s  w ith  i n f i l t r a t i o n  of the lamina 

p ropr ia  with  lymphocyt ic  c e l l s ,  the m a jo r i t y  o f  which were plasma 

c e l l s .  Neutrophi ls  were seen in the bronchial  e p i the l ium  and on

i t s  sur face .  Submucosal blood vessels were congested and the 

lamina propr ia  was oedematous. The b ro nch io la r  reac t ion  v/as 

s im i l a r  w ith  d i f f u s e  e a r ly  f i b r o s i s  in  the p e r ib ro n c h io la r  

t i s su e s .  Lymphocytic c e l l s ,  again la rg e ly  plasma c e l l s ,  were 

present around the bronch io les  but not in s u f f i c i e n t  numbers to  

form a " c u f f " .  The b ro nch io la r  ep i the l ium  was d y s p la s t i c  w i th  

nuc le i  a t  i r r e g u l a r  l e v e l s .  Neutrophi ls  were seen in the 

ep i the l ium  and in the lumen. In some areas there was

b r o n c h i o l i t i s  o b l i t e r a n s .  In the a lv e o l i  there  were two types of

c e l l u l a r  i n f i l t r a t e .  Around the bronch io les the c e l l u l a r  

i n f i l t r a t e  v/as o f  n e u t ro p h i ls  and macrophages, w ith  the former c e l l  

type in  excess. In o ther  areas the c e l l u l a r  i n f i l t r a t e  was less 

marked and composed most ly o f  macrophages. In areas w ith  these 

i n f i l t r a t e s  the a lv e o la r  ep i the l ium  was h yp e rp la s t i c  but no 

syncy t ia  or i n c lu s io n  bodies were seen. Both lymphocytes and 

plasma c e l l s  were seen in the a lv e o la r  septae.

These les ions  var ied  in  ex tent and s e v e r i t y  between the 

animals being most ex tens ive in  c a l f  83 and lea s t  extens ive in c a l f  

B6 where there  was no involvement o f  the caudal lobes.
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Add i t iona l  les ions were present in calves B3 and 84. In 

c a l f  B3, which was dyspnoeic before s laugh te r ,  the re  was widespread 

d i f f u s e  a lv e o la r  e p i t h e l i a l  hyperp las ia  w ith  hya l ine  membrane 

formation in  the caudal lobes. The a lve o la r  wa l ls  were congested 

and oedematous and there were a moderate number of macrophages in 

the a l v e o l i .  In general the bronchio les were not invo lved in t h i s  

reac t ion  al though there  were occasional f o c a l l y  n e c ro t ic  areas and 

a few lymphocyt ic  c e l l s  in  the p e r ib ro n c h io la r  t i s s u e s .  In c a l f  B4 

the re  were foc i  of  suppurat ive  necrosis in the r i g h t  c ran ia l  lobe 

and the middle lobe. In some areas t h i s  process appeared to 

o r ig i n a t e  in the centre  of a lobu le  al though i t  was not poss ib le  to 

say with  c e r t a i n t y  th a t  i t  was centred on bronchi or b ronch io les .  

Macrophage-type syncy t ia  were occas iona l ly  seen f ree  in  the 

a lv e o la r  lumen. These d id not conta in  inc lu s ion  bodies.

Immunofluorescence: A l l  t i ssues  examined from these calves were

negat ive fo r  RS v i r a l  and PI3 v i r a l  antigens by immunofluorescence.

C a l f  B7

This c a l f  was dead on a r r i v a l  at the Veter inary  School.

Gross: There was marked conso l ida t ion  of the c ran ia l  lobes, the

middle lobe and the c ra n ia l  par ts  o f the caudal lobes. The trachea 

was severely  congested and contained copious whi te f r o th y  mucus. 

The pneumonic les ions  were s o l i d  and f i r m .  The i n t e r l o b u la r  septae 

were prominent.  F ib r in  tags were present between the lung lobes 
and adhering to  the p a r ie ta l  p leura .

Microscop ic : There were les ions  s im i l a r  to  those in  calves B3 to

B6 but in a d d i t io n  there  was a focal n e c ro t is in g  les ion  invo lv ing  

a lv e o l i  and b ronch io les .  Adjacent to  the les ions  the a lv e o l i  

were congested and f i l l e d  w ith  oedema f l u i d .  Macrophage-type 
syncy t ia  were present in the a l v e o l i .
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Immunofluorescence: A l l  t i ssues  examined from t h i s  c a l f  were

negative f o r  RS v i r a l  and P I3 v i r a l  an t igens.

Cal f  B8

In Cal f  B8 the pneumonic les ions  were less marked. The b ro nch io la r  

changes were s im i l a r  to those in  other calves but invo lved more 

in te n s iv e  p e r ib ro n c h io la r  lymphocyt ic  i n f i l t r a t i o n ,  composed

la rg e ly  of lymphocytes, w ith  ea r ly  germinal centre fo rmat ion .  This 

animal also had a n e c ro t i s in g  l a r y n g i t i s .  No RS v i r a l  or PI3 v i r a l  

ant igens were detected by immunofluorescence.

M ic ro b io lo g ic a l  Findings

The re s u l t s  of m ic ro b io lo g ica l  examinations are summarised

in  Table 7. In a d d i t io n  Mycoplasma bovis was i s o la te d  from one 

nasopharyngeal swab taken dur ing t h i s  outbreak.

Sero log ica l  Findings

The re s u l t s  of se ro log ica l  examinat ions f o r  an t ibod ies  to  RS 

v i ru s  and PI3 v i rus  are d e ta i le d  in Table 8 . Four animals

seroconverted to RS v i ru s  and one to PI3 v i r u s .  In a d d i t io n  there 

was se ro lo g ica l  evidence o f  i n f e c t i o n  w i th  BVD v i ru s  in  one c a l f  

(89) ,  w ith  adenovirus type A in two calves (83 and 84) and w ith

adenovirus type B in  th ree  calves ( 86 , 89 and BIO). There was no 

evidence of i n f e c t i o n  w i th  reov i rus  types 1 and 2 or IBR v i r u s .  

Four calves seroconverted to  Pasteure l la  haemolyt ica type A l  and 
th ree  to Mycoplasma bov is .
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TABLE 7: The pathogenic v i ruses ,  bac te r ia  and mycoplasmas

detected in the lungs of the calves in outbreak B.

Cal f

number Vi ruses Bacter i  a Mycoplasmas

82 RS vi rus NS NS

B3 Negative Negati ve Negati ve
B4 Negat i  ve Negative Ureaplasma sp.

B5 Negative Negati ve Ureaplasma sp.

M.di spar

B6 Negative Negati ve Negati ve
B7 Negati ve S.pneumoniae Negati ve
B8 Negative NS NS

NS = No sample
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TABLE 8 : N e u t ra l i s a t io n  t i t r e  to re s p i r a to r y  syncy t ia l

(RS) v i rus  and h a e m a g g lu t in a t io n - in h ib i t i o n  t i t r e  to 

para in f luenza  type 3 (PI3) v i rus  in paired sera from the 

calves in outbreak 8 .

Cal f

number

RS

13.12.80

vi rus 

16.1.81 CF

PI3

13.12.80

vi rus 

16.1.81 CF

88 15 60 4.00 160 160 1.00

89* 85 85 1.00 160 320 2.00

810 60 30 0.50 320 320 1.00

B l l 250 70 0.28 320 320 1.00

812 45 30 0.66 320 160 0.50
813 10 50 5.00 160 320 2 .0 0

814 25 25 1.00 160 ' 160 1.00

815 20 65 3.25 1280 160 0 .12

816* 230 310 1.34 160 1280 8 .0 0

818 70 30 0.43 320 320 1.00

819 110 830 7.54 160 160 1.00

820 60 60 1.00 320 320 1.00

B21 20 110 5.50 320 160 0.50
822 210 100 0.47 320 160 0.50
823 < 1 0 30 > 3 . 0 0 160 80 0. 50
824 30 50 1.66 1280 320 0.25
825 130 90 0.70 160 160 1.00

CF = Conversion Factor

*  = These calves were moved to  the Glasgow U n ive rs i t y

Ve te r ina ry  School on 13.12.80
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Pi scussi on

This outbreak presented as a marked increase in the 

frequency and s e v e r i t y  o f c l i n i c a l  signs of r e s p i r a to r y  disease in  

a group of calves which had had a h is to r y  of "pneumonia", w i th  

deaths, over the previous three months. No prec ise t ime of onset 

could be def ined fo r  the recent change in the c l i n i c a l  i l l n e s s  

nor was t h i s  associated w ith  any obvious managemental or 
environmental changes. On the basis of h is to p a th o lo g ica l  and 

se ro log ica l  evidence RS v i rus  was a s i g n i f i c a n t  pathogen in t h i s  

in c id e n t .  V i ra l  ant igens were detected by immunofluorescence in the 

lungs of c a l f  B2 in d i r e c t  assoc ia t ion  with the s i g n i f i c a n t  acute 

pa tho log ica l  changes in  the e p i t h e l i a  o f the bronchio les and the 

a l v e o l i .  Five o f  17 calves in d i r e c t  contact  w ith  t h i s  c a l f  

seroconverted to  RS v i r u s .  Three others had r i s i n g  ant ibody 

t i t r e s ,  although these could not be considered s i g n i f i c a n t  as they 

were not f o u r - f o l d  or g rea ter  r i s e s .  No is o la te s  of RS v i ru s  were 

recovered from the mater ia l  examined despite i t s  presence being 

detected by immunofluorescence. This re in fo rces  the view th a t  

diagnosis o f  t h i s  v i r a l  i n f e c t i o n  by t h i s  method is  d i f f i c u l t  

and i n e f f i c i e n t  from the so r t  o f  mater ia l  usua l ly  a va i la b le  from 

re s p i r a to r y  disease outbreaks (Wellemans, 1977).

Other recognised re s p i ra to ry  pathogens associated with  t h i s  

outbreak, by v i r t u e  of t h e i r  i s o la t i o n  from re s p i ra to ry  t r a c t  

m a te r ia l ,  were Mycoplasma b o v is , M.di spa r , Ureaplasma sp and 

S.pneumoniae and these could have exacerbated the les ions induced 

by v i r a l  i n f e c t i o n .  Five calves seroconverted to  P.haemolyt ica 

type A l ,  however, t h i s  bacterium was not i so la te d  from any of the 

mate r ia l  examined. The calves had been t rea ted  w ith  a n t i b i o t i c s  

and t h i s  may have in f luenced the i s o la t i o n  o f  bac te r ia  although 

re ce n t ly  Gibbs and others (1983) pointed out th a t  a n t i b i o t i c  
treatment does not necessa r i ly  prevent the i s o l a t i o n  of 

P.haemolyt ica from e i t h e r  the upper or the lower r e s p i r a to r y  t r a c t  

in  animals from n a tu r a l l y  occurr ing  outbreaks of r e s p i r a to r y  

disease. This being the case i t  is  poss ib le  th a t  in t h i s  

p a r t i c u l a r  outbreak the animals may have become in fec ted  w i th  t h i s
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bacter ium a f t e r  the i n i t i a l  v i s i t  and i n v e s t ig a t io n s .

Para in f luenza type 3 v i ru s  v/as not associated w ith  t h i s  

i n c id e n t .  One animal (B16) seroconverted to  t h i s  v i rus  but t h i s  

animal was admitted to the Veter inary  School on 13.12.80 where i t  

may have been exposed to  PI3 v i r u s .  There was se ro log ica l  evidence 

o f  i n f e c t i o n  w i th  BVD v i rus  and adenovirus type B in another animal 

(B9) which had been moved to the Veter inary  School and again these 

re s u l t s  have to  be in te rp re te d  with  caut ion when consider ing the 

o r ig in a l  outbreak. Two animals seroconverted to adenovirus type A 

and two to adenovirus type B but these f ind ings  do not s p e c i f i c a l l y  

l o c a l i s e  the i n fe c t i o n s  to  the re s p i ra to ry  t r a c t  and, in support o f 

t h i s ,  no v i rus  was iso la te d  from any of the mater ia l  examined.

A s i g n i f i c a n t  f in d in g  in a l l  o f  the animals examined

post-mortem was widespread damage to the ep i the l ium  o f  the b ronch i ,  

the bronch io les and the a lv e o l i  in the c ran ia l  par ts  of the lungs. 

In only one animal ( c a l f  B2) could t h i s  be s p e c i f i c a l l y  re la ted  to 

RS v i r a l  i n f e c t i o n .  In the others i n f e c t io n  with  RS v i ru s  probably 

caused damage which was subsequently exacerbated by other  

organisms. In some animals there was evidence of long standing 

pulmonary damage w ith  b r o n c h i o l i t i s  ob l i te ra n s  and p e r ib ro n c h io la r

f i b r o s i s  r e f l e c t i n g  the long c l i n i c a l  h is t o r y  o f  r e s p i ra to ry

disease. Whether t h i s  represented repeated damage by RS v i rus  i s
not c le a r .

Both of the farmers a t tend ing  the calves had undiagnosed 

re s p i r a to r y  i l l n e s s e s  occur r ing  at the time of the f i r s t  v i s i t .  In 
one case t h i s  invo lved a prolonged period of h o s p i t a l i s a t i o n .  

Whether these i l l n e s s e s  were re la ted  to  those in the calves is not 

known. There is  evidence th a t  human s t ra ins  of RS v i ru s  can i n f e c t  

calves under experimental  c ircumstances (Jacobs and Edington, 1975) 

al though t h i s  has not ye t  been shown to occur under natural  

co n d i t io n s .  Some s t ra in s  o f  bovine RS v i rus  can grow in c e l l s  o f 

human o r i g i n  (Jacobs and Edington, 1975) inc lu d in g  those derived 

from the lungs o f  human embryos (Matumoto and o the rs ,  1974). 

However, the s ig n i f i c a n c e  of these f in d in g s  in r e l a t i o n  to the
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epidemiology of RS v i ru s  in e i t h e r  the human or the bovine i s  not 
ye t  c le a r .
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RESPIRATORY DISEASE INVOLVING RS VIRUS: OUTBREAK C

In t ro d u c t io n

This outbreak occurred on an upland farm w i th  a herd o f  17 

Fr ies ian  and Ayrsh ire  suck le r  cows. Home-bred and bought- in  calves 

were m u l t ip le -su ck le d  u n t i l  weaning at approximate ly th ree months 

o f  age. Calves were housed i n i t i a l l y  in an open-fronted shed 

adjacent to the byre housing the cows. Suckl ing v/as permit ted 

twice d a i l y  and calves had access to  a b a r le y /p ro te in  mix and hay.

H is to ry  o f  Respi ra tory  Disease Outbreak

Tv/o batches o f  14 bought- in  ca lves,  one aged approximate ly 

s ix  weeks and the o ther  th ree months, were housed together  in the 

open-fronted shed. P r io r  to  the onset o f the inc id e n t  coughing was 

not iced in the calves but t h i s  was not thought ser ious enough to 

warrant v e te r ina ry  a t t e n t i o n .  On 25,11.78 the o lde r  calves were to  

be weaned when the farmer not iced one to  be " l i f t i n g "  ( i . e .

tachypnoeic and hype .pnoe ic ) , This c a l f  was l e f t  w i th  the younger 

ones and the res t were moved to another open-fronted shed 60m away, 

in which were also 13, s ix  months o ld animals. A s o l id  b r ic k  wal l  

d iv ided  the two groups but there  v/as a 10cm gap between i t  and the 

ro o f .  The farmer was not concerned about the heal th  of t h i s  group

o f  s ix  months old animals and at no t ime did they become involved
in the outbreak.

The f i r s t  c a l f  to  become i l l  was t rea ted  by a v e te r in a ry

p r a c t i t i o n e r  f o r  th ree days w ith  a combination of o x y t e t r a c y c l i ne 
and betamethasone. I n i t i a l l y  i t s  cond i t ion  improved but on

29.11,78 i t  relapsed and several o ther  ca lves, in  both the s ix  

weeks old and three months o ld  age groups, were not iced to  be i l l .  

The p r a c t i t i o n e r  was reca l led  and the s ick calves were t rea ted  w ith  

a n t i b i o t i c s .  On 29.11,78 two calves d ied, the one which had 

o r i g i n a l l y  been 111 and another from the three months old group.
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C l in i c a l  Findings

F i r s t  v i s i t :  The farm was f i r s t  v i s i t e d  on 30.11.78. Two o f  the

three  months o ld calves and th ree  of the s ix  weeks old calves were 

extremely d u l l .  Many of the younger calves were re lu c ta n t  to 

suck. Frequent coughing occurred in  both age groups but was much 

worse in  the o lder  animals. Three calves were dyspnoeic and a 

f u r t h e r  fou r  hyperpnoeic. One of the dyspnoeic calves was 

recumbent. Fourteen calves had a rec ta l  temperature of 103°F or 

g rea ter  and the mean rec ta l  temperature was 103.1±1.15°F. Twenty 

th ree  calves had re s p i r a to r y  rates in  excess of 30/min (mean 48 .8± 

13/min) .  Resp i ra to ry  sounds were harsh but few a d ven t i t io u s  sounds 

were detected. Nasal discharge was not a fea tu re  w i th  only one of 

26 animals having a pu ru len t  nasal d ischarge. Two l i v e  animals 

(calves Cl and C2), which had f i r s t  been not iced to  be i l l  on

29.11.78 and one dead animal (C a l f  C3) were admitted to the

Vete r inary  School, Both l i v e  animals were dyspnoeic and very d u l l .  

The i r  r e s p i r a to r y  ra tes were 30 (C l)  and 45 (C2) breaths/rnin and 

rec ta l  temperatures 101°F and 101.4°F re s p e c t iv e ly .

On 1,12,78 a f u r t h e r  two l i v e  calves were admitted (Calves

C4 and C5), both o f  which were dyspnoeic and tachypnoeic . Ca l f  C4

died ove rn igh t .  Neither  were p y re x ic .

On 2,12.78 a f u r t h e r  th ree calves (Calves C6 , C7 and C8 ) 

were admit ted, one o f  which (C6 ) was extremely dyspnoeic and died 

dur ing t r a n s p o r t .

From 2.12.78 the s u rv iv in g  calves began to improve and over 

the fo l lo w in g  s i x  weeks the mean re s p i r a to r y  ra te  and re c ta l  

temperature subsided to  normal l e v e ls .  Coughing s t i l l  occurred in 

both age groups but was more preva len t  in the o lde r  group.

Blood samples were taken from 18 calves (C9 to  C27) at t h i s

v i s i t .
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Second v i s i t :  The farm was r e v i s i t e d  four weeks l a t e r  on 28.12.78

and f u r t h e r  blood samples were taken from calves C9 to  C27. In 
a d d i t io n  the adu l t  nurse cows (C28 to  C44) were blood sampled.

Th i rd  v i s i t :  On 9 .1 .79 ,  s ix  weeks a f t e r  the outbreak had s ta r te d ,  

a f u r t h e r  s ix  animals (Calves C28-C33), some o f  which had been 

severely  i l l  dur ing the acute phase at the outbreak were purchased 

fo r  c l i n i c a l ,  m ic rob io lo g ica l  and pa tho log ica l  examinat ion.

Patho log ica l  Findings

Calves C1-C3

The pa tho log ica l  f in d in g s  in the lungs o f  these animals were 

s im i 1a r .

Gross: There was co nso l ida t ion  in the c ran ia l  and middle lobes and

in the c ra n io -ve n t ra l  parts  o f the caudal lobes. The les ions were 
deep red or purple in  co lour  and were s l i g h t l y  raised above the 

surface of the lung. On cross sec t ion  the les ions  were homogeneous 

and s l i g h t l y  oedematous. Small haemorrhages were present,  about

1mm in d iameter,  in a l l  lobes. In a l l  the lungs there was 
widespread severe i n t e r s t i t i a l  emphysema w ith  bu l la  formation in 

the caudal lobes. The bu l lae  measured up to  10cm in  diameter and 

ad jacent lung lobules were co l lapsed.  The trachea was congested 

w ith  small petechia l  haemorrhages in the mucosa in one animal.  The 

r i g h t  lung from c a l f  Cl i s  i l l u s t r a t e d  in Fig. 1.

M ic roscop ic :  There was b r o n c h i t i s ,  b r o n c h i o l i t i s  and a l v e o l i t i s ,

a l l  w ith  e p i t h e l i a l  damage. In the bronchi there was an increase 

in the number of inf lammatory c e l l s  in the lamina p ro p r ia ,  

p r i n c i p a l l y  mononuclear c e l l s .  Neutroph i ls  were present in the 

ep i the l iu m  and there was focal necrosis of e p i t h e l i a l  c e l l s .  The 

b ronch io la r  les ions  were s im i l a r  to  those in the bronchi but w i th  

more severe e p i t h e l i a l  damage. In some bronchio les there was 

complete necros is  o f  the e p i the l ium  and plugging of the lumen w i th  

n e u t ro p h i l s .  There was d i f f u s e  i n f i l t r a t i o n  of p e r ib ro n c h io la r
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t issues  w ith  small numbers of lymphocytes and plasma c e l l s .  In the 

a lv e o l i  the most s t r i k i n g  features were e p i t h e l i a l  changes. In 

some areas there were numerous e p i t h e l i a l  syncyt ia  (Fig. 7 ) ,  some 

w ith  e o s in o p h i l i c  in t racy top lasm ic  inc lu s ion  bodies, and focal 

necros is  and hyperp las ia  of the ep i the l ium .  The c e l l u l a r  
i n f i l t r a t e  was mixed, with macrophages, neu t roph i ls  and desquamated 

e p i t h e l i a l  c e l l s .  In o ther  areas there was marked e p i t h e l i a l  

hyperp las ia ,  p a r t i c u l a r l y  in c a l f  number 3 which had died as a 

r e s u l t  of the pulmonary les ions .  A lveo la r  wal ls  were congested and 
oedematous.

Immunofluorescence: Respi ra tory  syn cy t ia l  v i r a l  ant igens were

detected in the lungs of these animals. In a l l  cases v i ra l

ant igens were present in a lv e o la r  e p i t h e l i a l  c e l l s ,  both in

syncy t ia  (F ig . 9) and in in d iv id u a l  c e l l s .  No v i r a l  ant igens were 

detected in b ronch io la r  e p i t h e l i a l  c e l l s .  No PIS v i r a l  antigens 
were detected.

Calves C4-C8

The f in d in g s  in these animals were broadly s im i l a r  although 

they varied markedly in ex ten t .

Gross: There was conso l ida t ion  in the c ran ia l  and the middle lobes

and the c ran ioven tra l  parts  of the caudal lobes. The les ions were

deep red or purple and in most animals were s l i g h t l y  col lapsed and 

oedematous. Most animals had widespread severe i n t e r s t i t i a l

emphysema in the c ran ia l  and caudal lobes with b u l la  fo rmat ion.  In 

C7, al though present,  the degree of emphysema was s l i g h t .  

Petechial  haemorrhages were present in the lungs and trachea of C6 

and in the trachea of C4.

Microscop ic : The pa tho log ica l  changes a f fec ted  the bronchi ,

bronchio les and a lv e o l i  w ith  the most s t r i k i n g  les ions being 

present in the ep i the l ium .  There was b ro n c h i t i s  with large numbers 

o f  mononuclear c e l l s  in  the lamina p ropr ia  and n eu t roph i ls  in  the 

e p i the l iu m .  The b ronch io la r  ep i the l ium  was d y s p la s t i c ,  w ith  nucle i
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a t  i r r e g u l a r  leve ls  in  the e p i t h e l i a l  la ye r .  Neut roph i ls  were 

present in  the e p i the l iu m  and in the lumen. In some areas there 

was e a r ly  b r o n c h i o l i t i s  o b l i t e ra n s .  D i f fuse  accumulat ions of

lymphocytes and plasma c e l l s  were present in the p e r ib ro n c h io la r  

t i s s u e s ,  sometimes forming loose aggregates of c e l l s .  In c a l f  C8 

p e r ib ro n c h io la r  lymphocyt ic  c e l l s  were more numerous forming a 

narrow, regu la r  c u f f  and there  was e a r ly  germinal centre fo rmat ion .

The a lv e o la r  e p i the l ium  was h y p e rp la s t i c .  This change was 

most marked in c a l f  C6 (F ig .  13) in  which a s in g le  laye r  o f

cuboidal c e l l s  w i th  s l i g h t l y  b a sop h i l i c  cytoplasm l in e d  the 

a l v e o l i .  The a lv e o la r  airspaces were e i t h e r  co l lapsed or 

contained macrophages, n e u t rop h i ls  and oedema f l u i d .  The 

n e u t r o p h i l i c  component v/as more marked in some areas, e s p e c ia l l y  in 

C7.

Immunofluorescence: A l l  the t issues  examined from these animals

were negat ive f o r  RS v i r a l  and PI3 v i r a l  ant igens by

immunofluorescence.

Calves C28-C33

The pa tho log ica l  f i n d in g s  in four  o f  these calves were 
s i m i l a r  al though they var ied  in  ex ten t  and degree.

Gross; There were pneumonic les ions  conf ined to  the c ra n ia l  and 

middle lung lobes. The les ions  were s l i g h t l y  co l lapsed ,  purple  in 

co lour  and had a l o b u la r  d i s t r i b u t i o n .  The sur face of the les io n  

was smooth and homogeneous w i th  occasional whi te  spots. On cross 

sec t ion  pneumonic lobu les  were co l lapsed and white  spots were seen 

on the sur face. Frothy mucopus was present in the la rg e r  b ro n c h i .

M icroscop ic :  There was a chronic  non-suppurat ive pneumonia w i th

evidence o f  e p i t h e l i a l  damage and a lymphocyt ic reac t ion  around the 

bronchi and the b ronch io les .  In most sect ions the re  was 

p e r ib ro n c h io la r  f i b r o s 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 .  

Accumulations o f  lymphocytes and a few plasma c e l l s  were present
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around the bronchi and the b ronch io les .  In a l l  animals these c e l l s  

formed cu f fs  con ta in ing  lymphoid f o l l i c l e s  w ith  germinal 

c e n t r e - l i k e  areas. These were most marked in calves C28, C31, C32 

and C33 (F ig .  14). In calves C29 and C30 the general reac t ion  v/as 

the same as in the others but was less extens ive .

In a lv e o la r  areas adjacent to bronchi and bronchio les there 

was th icken ing  of i n t e r a l v e o la r  septae re s u l t i n g  from an increase 

in  the number o f  i n t e r s t i t i a l  c e l l s  and i n f i l t r a t i o n  w ith  

macrophages, lymphocytes and plasma c e l l s .  Macrophages were 

present in the a lv e o la r  lumen and there  v/as e p i t h e l i a l  hyperp las ia  

in  some areas. In others the a lv e o l i  were co l lapsed.  Occasional 

m u l t i  nucleated macrophages were seen but there  were no e p i t h e l i a l  

syncy t ia  or c e l l s  w i th  in c lu s io n  bodies.

Immunofluorescence: A l l  the t issues  examined from these animals

were negat ive f o r  RS v i r a l  and PI3 v i r a l  ant igens.

M ic ro b io lo g ica l  Findings

The re s u l t s  o f  the m ic ro b io lo g ica l  i n v e s t ig a t io n s  in calves 

Cl to  C8 are presented in  Table 9. No pathogenic v i ruses or 

b a c te r ia  were detected in  calves 028 to  033, however, Mycoplasma 

d ispar  was is o la te d  from the lungs of calves 028 and 033,

Sero log ica l  Findings

The re s u l t s  o f se ro lo g ica l  in v e s t ig a t io n s  fo r  RS v i rus  and 

PI3 v i r u s  in t h i s  outbreak are presented in Tables 10, 11 and 12, 

A l l  o f  the calves examined post-mortem had serum ant ibody to both 

RS v i ru s  and PI3 v i r u s .  Nine o f  the nineteen calves from which 

paired sera were obtained seroconverted to  RS v i r u s .  There was no 

evidence of i n f e c t i o n  w i th  PI3 v i r u s .  No sera were checked fo r  
an t ibod ies  to  any o ther  v i ruse s .
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TABLE 9: The pathogenic v i ruses ,  bac te r ia  and mycoplasmas

detected in the lungs of calves Cl to  C8 in  outbreak C

Cal f

number Vi ruses Bacter ia Mycoplasmas

Cl RS vi rus Negative Ureaplasma sp, 

M.bovis

C2 RS vi rus Negati ve Negati ve

C3 RS v i ru s Negative Negative

04 Negati ve S.pneumoniae Ureaplasma sp

05 Negative S,pneumoniae Negati ve

06 Negati ve P.multoci da Negati ve

07 Negati ve Negati ve Negati ve

08 Negati ve Negati ve Negati ve
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TABLE 10: N e u t ra l i s a t io n  t i t r e  to re s p i r a to r y  syncy t ia l

(RS) v i rus  and para in f luenza  type 3 (PI3) v i rus  in sera

from calves Cl to  C8 in  outbreak C,

Cal f

Number RS vi rus PI3 v i rus

Cl 330 48

02 1070 24

04 145 384

05 270 768

06 200 12

07 440 192

08 470 192
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Table 11: N e u t ra l i s a t io n  t i t r e  to  re s p i r a to r y  syncy t ia l

(RS) v i rus  and para in f luenza type 3 (PI3) v i rus  in paired

sera from calves C9 to  C27 in outbreak C,

Calf

number 29.11.78

RS vi rus 

28.12.78 CF 29.11.78

PI3 vi  rus 

28.12.78 CF

C9 10 60 6.00 192 192 1.00

CIO 30 190 6.30 48 48 1.00

Oi l 50 >  3070 > 6 1 .4 0 768 192 0.25

012 190 >  1540 > 8 .10 96 24 0.25

013 240 1540 6.40 192 96 0.50

014 300 6150 20.50 24 12 0.50

015 300 3070 10.20 96 96 1.00

016 380 1540 4.05 96 96 1.00

017 380 1540 4.05 384 96 0.25

018 60 190 3.16 96 96 1.00

019 95 155 1.63 3072 3072 1.00

020 240 480 2 .00 1536 192 0.13

021 240 615 2.56 96 96 1.00

022 385 385 1.00 1536 1536 1.00

023 615 1230 2 .00 3072 3072 1.00

024 770 1540 2.00 12 12 1.00

025 770 770 1.00 384 192 0.50

026 770 770 1.00 768 192 0.25

027 770 ■ 770 1.00 1536 384 0.25

CF = Conversion Factor
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TABLE 12: N e u t ra l i s a t io n  t i t r e  to  r e s p i r a to r y  syn cy t ia l

(RS) v i rus  and pa ra in f luenza  type 3 (PI3) v i rus  in  sera

from the adu l t  c a t t l e  in  outbreak C.

Adul t  

Number

RS Virus PI3 Virus

C28 1250 12288

C29 3072 3072

C30 2570 >  12288

C31 3072 6144

C32 3072 12288

C33 >  6144 6144

C34 >  6144 3072

C35 >  6144 12288

C36 >  6144 3072

C37 >  6144 3072

C38 3072 3072

C39 3072 3072

C40 3072 6144

C41 2140 96

C42 1320 12288

C43 >  6144 12288

C44 >  6144 384
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Discussion

The c l i n i c a l ,  pa tho log ica l  and se ro lo g ica l  i n v e s t ig a t io n s  

ca r r ie d  out on the calves in t h i s  outbreak of acute re s p i r a to r y  
disease provide strong evidence th a t  RS v i rus  was the a e t i o lo g ic a l  

agent. C l i n i c a l l y  the s i g n i f i c a n t  f in d in g s  were reduced a p p e t i t e ,  

py rex ia ,  tachypnoea, coughing, dyspnoea and death. These f in d in g s  

are s im i l a r  to  those descr ibed in natura l  i n f e c t i o n s  w ith  bovine RS 

v i ru s  by other  authors (Wellemans and Leunen, 1975; Holzhauer and 

van Nieuwstadt,  1976). In the present outbreak severe c l i n i c a l  

s igns were conf ined to the calves aged s ix  weeks to th ree months

o ld .  There was no evidence th a t  calves with  h igher RS v i rus  serum 

n e u t r a l i s a t i o n  t i t r e s  had more severe disease than other calves as 

has been suggested in ch i ld re n  (Kapikian and o the rs ,  1969; Kim and 

o the rs ,  1969). Adult  animals, in d i r e c t  contact  w ith  the ca lves, 

remained c l i n i c a l l y  normal throughout the in c id e n t  al though they 

did have high t i t r e s  of serum n e u t r a l i s in g  an t ibod ies  against RS 

v i rus  fou r  weeks a f t e r  the acute phase of the outbreak.  Adult

c a t t l e  have shown r e s p i r a to r y  disease in other in c id e n ts  (Paccaud 

and Jacqu ie r ,  1970; Odegaard and Krogsrud, 1977). Other calves on 

the farm, aged approx imate ly  s ix  months old and over,  also remained 

unaf fec ted .  There was no h i s t o r y  o f  r e s p i r a to r y  disease in the

people in contact w ith  the calves at any time dur ing the outbreak.

A dramatic  and cons is ten t  f i n d in g  at post-mortem in calves 

Cl to  C8 was marked i n t e r s t i t i a l  emphysema, o f ten  w ith  the

formation of bu l lae  of gas in the caudal lobes. Despite the degree 

and ex ten t  of t h i s  f i n d in g  in some animals there was no evidence of 

mediast ina l  or subcutaneous emphysema as has been reported in other 

cases o f  RS v i r a l  i n f e c t i o n  (Koves and Bartha, 1975; Odegaard and 

Krogsrud, 1977). Emphysema was present in a l l  of  the dyspnoeic 

animals. The areas o f  pulmonary conso l ida t ion  were conf ined to the 

c ra n ia l  and the middle lobes and the c ran ia l  par ts  o f  the caudal 

lobes. In some cases the les ions  were less ex tens ive than the 

s e v e r i t y  of the c l i n i c a l  s igns would have suggested in d i c a t i n g  th a t  

pneumonic c o n so l ida t io n  per se was not who l ly  respons ib le  fo r  the 
degree o f  c l i n i c a l  i l l n e s s .
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A s t r i k i n g  fea tu re  of the h is topa tho logy  in  calves Cl, C2 

and C3 was the presence of m u l t i  nucleated syncyt ia  in  the a lv e o la r  

e p i the l iu m .  Some syncy t ia  contained e o s in o p h i l i c  in t ra cy to p la sm ic  

in c lu s io n  bodies. No in t ra n u c le a r  in c lu s io n  bodies were seen. 
M u l t inuc lea ted  syncy t ia  or “ g ian t  c e l l s "  have been described in 

experimental  RS v i r a l  i n f e c t i o n s  (Jacobs and Edington, 1975; 

Mohanty and o thers ,  1975) and in natural  RS v i r a l  i n f e c t i o n s  (van 

den Ingh and o th e rs ,  1982). In the present outbreak RS v i rus  was 

conf irmed as the cause o f  the syncytium formation by 

immunofluorescence. V i ra l  ant igens were also detected in many 

in d iv id u a l  s ing le  e p i t h e l i a l  c e l l s  which had not formed syn cy t ia .  

Some e o s in o p h i l i c  in t ra cy to p la sm ic  inc lu s ion  bodies seen in H&E 

sta ined sect ions were shown to  be composed of RS v i r a l  antigens by 

immunofluorescence. This is  in con t ras t  to  the f in d in g s  o f  Paccaud 

and Jacquier  (1970) who found th a t  inc lu s ion  bodies did not s ta in  

p o s i t i v e l y  w i th  f lu o re sce n t  an t i  serum prepared from a recovered 

case of RS v i r a l  i n f e c t i o n .

In t h i s  outbreak immunofluorescence was a s p e c i f i c  and more 

s e n s i t i v e  i n d i c a to r  o f  v i r a l  i n f e c t i o n  than was the search f o r  

syncy t ia  or in c lu s io n  bodies. However, a l l  a n t i g e n -p o s i t i v e  lungs

d id  conta in  both syncy t ia  and in c lu s io n  bodies al though they were 

sometimes d i f f i c u l t  to  f i n d .  The q u a n t i t y  of v i r a l  ant igen var ied 

throughout the le s io n s ,  some sect ions being markedly p o s i t i v e  

w h i l s t  o thers ,  from the same lung, contained few or no 

a n t i g e n -p o s i t i v e  c e l l s .  This h ig h l ig h ts  the necess i ty  of ta k in g  

several blocks of t i s su e  from d i f f e r e n t  s i te s  w i t h in  the lung and 

may account f o r  the i n a b i l i t y  to  f i n d  syncyt ia  in some f i e l d

in v e s t ig a t io n s  (Elazhary and o the rs ,  1982; Thomas and o the rs ,  

1982). Also o f  relevance to t h i s  po in t  is  the fa c t  t h a t  no v i r a l

ant igens were detected in calves C4 to  C8 . These calves were 

k i l l e d  or died l a t e r  in the outbreak by which t ime v i r a l  ant igens 

may have disappeared from the lungs. In experimental  RS v i r a l

i n f e c t i o n s  most i n v e s t ig a t i o n s  have f a i l e d  to i s o la te  v i rus  from 

the lung beyond 10 or 12 days a f t e r  i n f e c t i o n  (Jacobs and Edington, 

1975; Bryson and o th e rs ,  1982). The h is to p a th o lo g ic a l  changes in  

these calves were in general s i m i l a r  to  those in calves Cl t o  03
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in  th a t  there v/as widespread e p i t h e l i a l  damage in the bronch i ,  the 

bronch io les and the a l v e o l i .  However, they lacked s p e c i f i c

evidence of v i r a l  i n f e c t i o n .

The source of v i r a l  i n f e c t i o n  in t h i s  outbreak was not

found. The calves had been housed together  since purchase and the

only  other  bovines w i th  which they had been in d i r e c t  contact  were

the nurse cows. Whether these l a t t e r  animals could have been the 

source of i n f e c t i o n  could not be ascerta ined from the samples taken 

al though they d id  have high serum ant ibody t i t r e s  fo u r  weeks a f t e r  

the acute phase of the outbreak.  Six weeks a f t e r  the acute phase 

o f  the disease no evidence o f  v i r a l  i n f e c t i o n  could be found in 

s ix  calves (C28 to  C33) by e i t h e r  the i s o l a t i o n  of v i ru s  or 
immunofluorescence. The les ions  present in fou r  o f these calves 

were " c u f f i n g  pneumonia" ( J a r r e t t  and o thers ,  1953), a chronic 

non-suppura t ive pneumonia w ith  lymphocyt ic aggregates around the 

a irways.  In two of the calves t h i s  was associated w i th  Mycoplasma 

d ispa r  i n f e c t i o n ,  an organism p rev ious ly  associa ted w ith  t h i s  

co n d i t io n  ( P i r i e  and A l la n ,  1975). Whether p r i o r  v i r a l  i n f e c t i o n  

is  o b l ig a to r y  fo r  the development o f t h i s  c o n d i t io n  in the bovine 

i s  unc lear .

Para in f luenza type 3 v i r u s  did not appear to  play any ro le  

in  t h i s  outbreak u n l i k e  the inc id e n ts  described by Bryson and 

others (1979a). In t h e i r  cases the c l i n i c a l  and pa tho log ica l  

f i n d in g s  were s i m i l a r  to  those described here a l though PI3 v i rus  

was iso la te d  from the lungs.
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RESPIRATORY DISEASE INVOLVING RS VIRUS: OUTBREAK D

In t r o d u c t i  on

This outbreak occurred on one of two d a i ry  farms, w i th

F r ies ian  cows, managed as a s ing le  business. A l l  home-bred calves 

were kept and were e i t h e r  used as herd replacements or were

fa t tened  up to  s laugh te r  weight.  Calves were reared in groups of 

20 on mi lk  s u b s t i t u te  from a “ Nurset te"  machine at one farm u n t i l  

weaning at about seven weeks of age. They were then moved to the 

o the r  farm in groups o f  between four  and s i x .  Here they were

housed in  a h igh,  s t o n e - b u i l t  hay shed, one end of which was par t

open. In the other  end was a high open window which had re ce n t ly  

been blocked o f f  to prevent "d raugh ts " .

H is to ry  o f  Resp ira to ry  Disease Outbreak

In the hay shed were two separate groups o f  calves (Groups 1 

and 2) ,  only Group 1 became invo lved in  the outbreak of r e s p i ra to ry  

disease. Group 1 were between 14 and 16 weeks o f  age. Recent ly 

the re  had been an increase in coughing in  t h i s  group accompanied by 

tachypnoea and a reduct ion  in a p p e t i t e .  The calves were t rea ted  

w i th  a combinat ion of p e n i c i l l i n ,  s t rep tomyc in ,  betamethasone and 

an t ih is ta m in e  but response to  t h i s  was poor. There were no deaths.

C l i n i c a l  Findings

F i r s t  v i s i t :  The f i r s t  v i s i t  was on 30.12.80. The animals in

Group 1 were tachypnoeic but not py rex ic .  There was a moderate 

amount o f coughing in the group. On a u scu l ta t io n  harsh re s p i ra to ry  

sounds were heard w i th  occasional squeaks in the a n te ro -ven t ra l  

areas o f  both lung f i e l d s .  Blood samples and nasopharyngeal swabs 

were taken from a l l  calves (Dl to  D9) in  t h i s  group.

Second v i s i t :  The farm was v i s i t e d  again s ix  days l a t e r  on

5 .1 .81 ,  The calves in  Group 1 were much improved with  only very
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occasional coughing and s l i g h t l y  harsh re s p i ra to ry  sounds on 

a u s c u l ta t io n .  At t h i s  v i s i t  there were signs of r e s p i r a to r y  

disease in a group of 17 younger ca lves,  aged from newly born to 

seven weeks o ld ,  which were housed in  a separate b u i l d in g .  Two 

calves were markedly dyspnoeic and the remainder were coughing 

f re q u e n t ly .  According to  the farmer these calves were "not doing" 

and they appeared to be in poor c o n d i t i o n .  A number of them were 

being t rea ted  w ith  a n t i b i o t i c s .  The dyspnoeic animals were not 

being t rea ted  as they did not cough. No samples were taken from 

th i s  group.

Th ird  v i s i t :  The t h i r d  and f i n a l  v i s i t  was made four  weeks a f t e r

the i n i t i a l  v i s i t  on 27.1.81. Repeat blood samples were taken from 

the Group 1 animals. A l l  o f  the calves were c l i n i c a l l y  normal.

M ic ro b io lo g ica l  f in d in g s

No v iruses were i s o la te d  from the nasopharyngeal swabs taken 

dur ing t h i s  outbreak, Pas teure l la  multocida was recovered from one 
swab ( c a l f  D2). Mycoplasma bovis was is o la te d  from four  swabs 

(calves D2, 05, 06 and 09) and Ureaplasma sp, from f i v e  (calves 03, 
04, 05, 08 and 09).

Sero log ica l  Findings

The re s u l t s  o f the examination o f  pa ired sera from calves 01 

to  09 f o r  an t ibod ies  to RS v i r u s  and PI3 v i r u s  are presented in 

Table 13, Seven o f  e ig h t  animals from which paired sera were

obtained seroconverted to RS v i r u s .  One c a l f  seroconverted to PI3 

v i r u s .  There was no se ro lo g ica l  evidence of i n f e c t i o n  w ith  BVD 

v i r u s ,  adenovirus types A and B, reov irus  types 1 and 2 or IBR 

v i r u s .  One c a l f  (08) seroconverted to  P.haemolyt ica type A1 and 

th ree  (01, 05 and 06) to  Mycoplasma bov is .
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TABLE 13: N e u t ra l i s a t io n  t i t r e  to re s p i r a to r y  syncy t ia l

(RS) v i ru s  and h a e m a g g lu t in a t io n - in h ib i t i o n  t i t r e  to  

para in f luenza  type 3 (PI3) v i ru s  in  paired sera from calves 

in  Group 1 in outbreak D.

Calf

number 30.12.80

RS vi  rus 

29.1 .81. CF

PI3 Virus 

30.12.80. 29.1.81. CF

Dl 40 1580 39.5 10 20 2 .0

D2 60 1000 16.6 20 20 1 .0

03 <  10 28 > 2 .8 20 20 1.0

04 30 500 16.6 20 40 2 .0

05 < 1 0 280 > 2 8 . 0 20 20 1 .0

06 < 1 0 1580 >158.0 40 320 8 .0

07 <  10 175 > 1 7 .5 20 20 1.0

08 25 390 15.6 20 20 1 .0

09 NS 480 — NS 10 ~

CF = Conversion Factor 

NS = No sample
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Di scussi on

This v/as a m i ld  outbreak o f  acute r e s p i r a to r y  disease in 

which there  were no deaths and which was tempora l ly  associated w i th  

RS v i r a l  i n f e c t i o n .  There v/as a poor response to  a n t i b i o t i c  

therapy .  The c l i n i c a l  p resen ta t ion  in  t h i s  p a r t i c u l a r  group o f  

ca lves v/as u n l ike  th a t  described in Europe when re s p i r a to r y  

d i s t r e s s ,  or a marked abdominal component in b rea th ing ,  were 

prominent c l i n i c a l  signs (Holzhauer and van Nieuwstadt,  1976). The 

ant ibody t i t r e s  to  RS v i rus  rose very ra p id l y  between the f i r s t  and 

second blood sample. This ,  and the mild  nature of the disease,

could suggest t h a t  the animals had been exposed to  RS v i ru s  

be fo re .  Some of the younger animals on the farm were severe ly  i l l  

w i th  r e s p i r a to r y  disease at the t ime o f  t h i s  in c id e n t  but

u n fo r tu n a te ly  these were not inves t iga ted  as the farmer was not

p a r t i c u l a r l y  worr ied about them. As some o f  these animals were 

dyspnoeic i t  is  poss ib le  th a t  they were also in fe c te d  w ith  RS
vi rus.

Other micro-organisms were also associated w ith  t h i s

in c id e n t .  One c a l f  (D6 ) seroconverted to PI3 v i r u s  although no 

v i ru s  was recovered from i t s  nasopharyngeal swab and no o ther

animals showed se ro lo g ica l  evidence of i n f e c t i o n .  Three calves 

seroconverted to  Mycoplasma bovis and t h i s  organism was present in 

the nasopharyngeal secre t ions  of fo u r .  Despite these f in d in g s  the 

data presented supports the view th a t  the major pathogen in t h i s  

in c id e n t  was RS v i r u s .  Mycoplasma bovis might have been an

a d d i t io n a l  pathogen al though there was no evidence th a t  animals 

w i th  combined RS v i r a l  and M.bovis i n f e c t i o n  were more severely

c l i n i c a l l y  a f fe c te d  than those w ith  RS v i rus  alone. Ureaplasma 

sp. were also associated w i th  t h i s  outbreak. In the absence of 

pa tho log ica l  mate r ia l  from the r e s p i r a to r y  t r a c t  the r e l a t i v e  ro les  

played by these micro-organisms in the r e s p i r a to r y  disease is  
d i f f i c u l t  to  assess.
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RESPIRATORY DISEASE INVOLVING RS VIRUS

INDIVIDUAL CASES OF RS VIRAL INFECTION
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RS VIRAL INFECTION: CASE RCl

Date 1st A p r i l  1982 

Age Three weeks

Breed F r ie s ia n  X Charolais  

Di ed/S laughtered Slaughtered

Hi s to ry

This was one of a group o f  housed, bought- in  calves being fed milk  

s u b s t i t u t e  at an i n c o r r e c t l y  low co n cen t ra t io n .  The group as a 

whole were undernourished. This c a l f  was d ia r rh o e ic  and 

emaciated. I t  was hyperpnoeic and tachypnoeic . Bovine papular 

s t o m a t i t i s  les ions were present in the mouth.

Patho log ica l  Findings

Gross: There was extens ive severe pneumonic co n so l id a t io n  o f

the c ran ia l  lobes, the middle lobe and the c ran ia l  par ts  o f the

caudal lobes,  w ith  areas o f  necros is  sca t te red  th roughout .  There 

was no i n t e r s t i t i a l  emphysema.

Microscop ic :  There was a severe acute exudat ive pneumonia w i th

e p i t h e l i a l  damage and areas of coagu la t ive  necros is .  In the 

non -nec ro t ic  areas there were e p i t h e l i a l  s y n cy t ia ,  some con ta in ing  

e o s in o p h i l i c  i n t ra cy to p la sm ic  i n c lu s io n  bodies, in the bronchio les 

and the a l v e o l i .  Some o f  these were n e c ro t ic  and had detached from 

the e p i th e l iu m .  There was a lso focal necros is  and focal

hyperp las ia  o f  the a lv e o la r  e p i th e l iu m .  In the n e c ro t ic  areas

there  was complete o b l i t e r a t i o n  of a lv e o la r  and b ro nch io la r  

a r c h i t e c tu re  in  which i t  was not poss ib le  to  d is t in g u is h  remnants 
o f  e p i t h e l i a l  s yn cy t ia .

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

detected in  the b ro n ch io la r  and the a lv e o la r  e p i t h e l i a  in  

no n -nec ro t ic  areas. No PI3 v i r a l  ant igens were de tected.

M ic ro b io lo g ic a l  Findings

No samples were a v a i la b le  f o r  m ic ro b io lo g ic a l  examinat ion.

101



RS VIRAL INFECTION: CASE RC2

Date February 1982 Breed Ayrsh i re

Age Three months Di ed/Slaughtered Slaughtered

Hi s to ry

This c a l f  was one of a group of 10 housed, weaned bought- in  

ca lves. Over a per iod o f  fou r  days i t  developed signs o f  

r e s p i r a to r y  disease w i th  coughing, tachypnoea and hyperpnoea. I t  

was never dyspnoeic. Other calves in  the group were coughing and 

were tachypnoeic.

Patholog ical  Findings

Gross: There was co l lapse and co n so l ida t io n  In the c ran ia l

lobes, the middle lobe and the c ran ia l  par ts  of the caudal lobes. 

The les ions were deep red and s l i g h t l y  ra ised above the surface of 

the surrounding normal lung. There v/as no i n t e r s t i t i a l  emphysema.

Microscop ic : There was an acute pneumonia w i th  damage to  the

b ro n c h ia l ,  the b ro nch io la r  and the a lv e o la r  e p i t h e l i a .  There were 

numerous e p i t h e l i a l  syncy t ia  in  the bronch io les and the a l v e o l i .  

Some syncy t ia  contained e o s in o p h i l i c  in t ra cy to p la sm ic  in c lu s io n  

bodies and, o c c a s io n a l l y ,  these featu res were a lso present in  

in d iv id u a l  e p i t h e l i a l  c e l l s .

Immunofluorescence: Resp i ra tory  syn cy t ia l  v i r a l  ant igens were

wide ly  d i s t r i b u t e d  throughout the b ro n c h ia l ,  the b ronch io la r  and 

the a lv e o la r  e p i t h e l i a .  No PI3 v i r a l  ant igens were detected.

M ic ro b io lo g ic a l  Findings

No samples were a va i la b le  f o r  m ic ro b io lo g ica l  examinat ion.
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RS VIRAL INFECTION: CASE RC3

Date 21st December 1982 Breed F r ie s ia n

Age Three months Died/SIaughtered Died

Hi s to ry

This c a l f  was one of a group o f  10 home-bred, housed ca lves. I t

was invo lved in an outbreak o f  acute r e s p i r a to r y  disease

charac te r ised  by coughing, hyperpnoea and tachypnoea. This c a l f  

was found dead unexpectedly.

Patho log ica l  Findings

Gross: There was moderate pneumonic co n so l id a t io n  o f  the

c ra n ia l  lobes, the middle lobe and the c ran ia l  par ts  o f the caudal

lobes. The res t  of the lungs were congested and oedematous. There

was i n t e r s t i t i a l  emphysema w ith  b u l la  fo rmation in the caudal

1obeso

Microscop ic :  In the c ran ia l  and middle lobes there was an acute

pneumonia w ith  e p i t h e l i a l  damage. The b ro nch io la r  ep i the l ium  was

f o c a l l y  n e c ro t ic  and contained la rge syn cy t ia ,  some of which were

undergoing degenerat ion. Syncyt ia were also present in  the 

a lv e o la r  e p i th e l iu m ,  but less f r e q u e n t ly  than in the b ronch io les .  

S im i la r  les ions  were present in the c ran ia l  par ts  o f the caudal
lobes but in  the caudal par ts  there  was a d i f f u s e  acute 

p r o l i f e r a t i v e  a l v e o l i t i s  w i th  hya l ine  membrane fo rmat ion .  In these 

areas there  were no syn cy t ia .

Immunofluorescence: Resp i ra to ry  syncy t ia l  v i r a l  antigens were

present in the b ro nch io la r  and, to  a lesser  e x te n t ,  in the a lv e o la r

e p i the l iu m  of the c ran ia l  lobes, the middle lobe and the c ran ia l

par ts  o f  the caudal lobes.

M ic ro b io lo g ica l  Findings

No pathogenic v i ruse s ,  b a c te r ia  or mycoplasmas were i so la te d  from 
the lungs o f  t h i s  c a l f .
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RS VIRAL INFECTION: CASE RC4

Date October 1982 Breed Not recorded

Age Three months Died/Siaughtered Died

Hi s to ry

This c a l f  v/as one o f  a group o f  home-bred and bought- in  calves

which were housed toge the r .  Resp ira to ry  disease had been a problem 

on the farm fo r  some t ime,  both in home-bred and in bought- in

ca lves. A considerable amount of coughing was regarded as normal
and, provided no animals d ied,  treatment was l im i t e d  to  occasional 

i n d iv id u a l  animals. This c a l f  v/as found dead. There v/as no 
r e l i a b l e  c l i n i c a l  h i s t o r y  a v a i la b le .

Patho log ica l  F in d in g s :

Gross: There was extensive pneumonic co n so l ida t io n  o f  the

c ran ia l  lobes and middle lobe .  Foci o f  necrosis were sca t te red  

throughout the c ran ia l  lobes. There was severe i n t e r s t i t i a l  

emphysema w ith  b u l la  formation in the caudal lobes.

Microscopic : There was a severe acute exudat ive pneumonia w ith

damage to  the b ronch io la r  and the a lv e o la r  ep i the l ium  and focal 

areas of necros is .  In a d d i t io n  to t h i s  there were chronic les ions 

in  the c ra n ia l  lobes w i th  pe r ib ronch ia l  and p e r ib ro n c h io la r  

f i b r o s i s  and b r o n c h i o l i t i s  o b l i t e ra n s .  In the middle lobe there 

was severe congest ion and oedema in the a lv e o la r  areas but l i t t l e  

evidence of e p i t h e l i a l  damage. In the b ronch io la r  ep i the l ium  there  

was focal necros is  and syncyt ium fo rmat ion.  E os inoph i l i c  

In t ra cy top la sm ic  in c lu s io n  bodies were present in in d iv id u a l  

b ro n c h io la r  e p i t h e l i a l  c e l l s  and in the syn cy t ia .  Inc lus ion  

bodies, but no syn cy t ia ,  were present in the bronchial  ep i the l ium .

Immunofluorescence: Resp ira to ry  syncy t ia l  v i r a l  ant igens were
detected in the bronchia l  and the b ronch io la r  ep i the l ium  in the 

middle lobe but not in the c ran ia l  lobe. A l l  sect ions were 
negat ive f o r  PI3 v i r a l  ant igens.

M ic rob io lo g ica l  F in d in g s :

No samples were a v a i la b le  f o r  v i r o l o g i c a l  examinat ion.  Mycoplasma 

bovis was i so la te d  from the lungs. No pathogenic bac te r ia  were 
i so la ted .
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RS VIRAL INFECTION: CASE RC5

Date 22nd December 1981 Breed F r ies ian

Age Three months Died/Siaughtered Died

Hi s to ry

This was one of a group o f  30 housed calves.  An outbreak of 

r e s p i r a to r y  disease occurred in  the group charac ter ised  by 

coughing and tachypnoea. This c a l f  became dyspnoeic and died.

Patho log ica l  F in d in g s :

Gross: Extensive pneumonic con so l ida t io n  i n v o lv in g  the c ra n ia l

lobes, the middle lobes and the c ran ia l  par ts  o f the caudal lobes. 

There was severe i n t e r s t i t i a l  emphysema with  b u l la  formation in the 

caudal lobes.

M icroscop ic : The s t r i k i n g  les ion  in a l l  lobes was an acute

pneumonia w ith  marked e p i t h e l i a l  damage. There was a b r o n c h i o l i t i s  

w i th  small numbers o f  lymphocytes and plasma c e l l s  in the 

p e r ib ro n c h io la r  t i s s u e s .  The ep i the l ium  was d y s p la s t i c  or n e c ro t ic  

w i th  c e l l u l a r  debr is  and inf lammatory c e l l s  plugging the lumen. 

The a lv e o la r  ep i the l ium  was markedly h yp e rp la s t i c  in most sect ions 

examined, w ith  a mix ture o f  macrophages and some n e u t rop h i ls  in the 

lumen. In some sect ions e p i t h e l i a l  syncyt ia  were present in the 

a lv e o la r  ep i the l ium  at the per iphery  of lobu les  w i th  e p i t h e l i a l  

h ype rp las ia .  Some syncy t ia  contained e o s in o p h i l i c  in t ra cy to p la sm ic  

in c lu s io n  bodies. The a lv e o la r  areas were severely  congested and 

oedematous and there were foc i  of  i n t r a - a l v e o l a r  haemorrhage.

Immunofluorescence; Resp i ra to ry  syncy t ia l  v i r a l  ant igens were 

detected in  the a lv e o la r  e p i th e l iu m ,  both in syncy t ia  and in s ing le  

c e l l s .  Areas w i th  marked a lv e o la r  e p i t h e l i a l  hyperp las ia  were 
negat ive  fo r  v i r a l  ant igens. No PI3 v i r a l  antigens were detected.

M ic ro b io lo g ica l  Findings

No v i ruses or pathogenic b ac te r ia  were i s o la te d  from the lungs o f  

t h i s  animal.  Mycoplasma bovis was iso la te d  from the c ran ia l  lobe 

o f  the r i g h t  lung.
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RS VIRAL INFECTION: CASE RC6

Date 25th February 1982 Breed F r ie s ia n

Age Three months Died/Slaughtered Died

Hi s to ry

This was a housed, weaned d a i ry  c a l f  in a group w i th  10 o thers .  

The group was invo lved in  an outbreak of acute resp i ra to ry -  
d isease. Other calves in  the group were m i ld l y  a f fe c te d  but t h i s  

one became severe ly  i l l ,  had d i f f i c u l t y  in  breath ing  and d ied.

Patho log ica l  Findings

Gross: There was moderate pneumonic co n so l id a t io n  in parts  o f

the c ran ia l  lobes, the middle lobe and the c ran ia l  parts  o f the 

caudal lobes.  Pneumonic areas were s l i g h t l y  ra ise d ,  p in k / red  in 

co lou r  and oedematous. There was severe i n t e r s t i t i a l  emphysema 

w i th  b u l la  fo rmation in the caudal lobes.

Microscop ic :  There v/as congest ion and oedema in the a lv e o la r

areas w i th  a s l i g h t  i n f i l t r a t e  o f  macrophages and a few 

n e u t ro p h i l s .  There were occasional focal areas of e p i t h e l i a l  

necros is  and o f  e p i t l e l i a l  hyperp las ia .  The b ro n c h io la r  ep i the l ium  

was swollen w i th  c e l l s  p ro t ru d in g  in to  the lumen which was plugged 

w i th  in f lammatory c e l l s .  The nucle i  o f  the e p i t h e l i a l  c e l l s  were 

la rge  and pale w i th  prominent n u c le o l i  and hyperchromatic nuclear 

membranes. In some places e p i t h e l i a l  c e l l s  seemed to  overlap 

s l i g h t l y  but there  were few convinc ing syn cy t ia .  No in c lu s io n  

bodies were seen. In adjacent non-pneumonic areas bronch io les  were 

plugged w i th  in f lammatory c e l l s .  There was a b ro n c h i t i s  w i th  

increased numbers o f  lymphocytes and plasma c e l l s  in the lamina 

p ro p r ia .  The ep i the l ium  was d y s p la s t i c  but contained no i n c lu s io n  

bodies or syn cy t ia .

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

detected p r i n c i p a l l y  in b ro n ch io la r  e p i t h e l i a l  c e l l s .  Occasional 

ant igen p o s i t i v e  c e l l s  were present in the a lv e o la r  e p i the l iu m .

M ic ro b io lo g ic a l  Findings

No pathogenic v i ru se s ,  b ac te r ia  or mycoplasmas were i s o la te d  from

the lungs of t h i s  c a l f .
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RS VIRAL INFECTION; CASE RC7

Date 7th December 1982 Breed Limousin

Died/S laughtered DiedAge Four months 

Hi s to ry
This was a housed suck le r  c a l f ,  in d i r e c t  contact w ith  i t s  dam and 

o ther  calves aged two to  s ix  months. The calves were invo lved in 

an acute r e s p i r a to r y  disease outbreak charac ter ised  by coughing and 

tachypnoea. This c a l f  became dyspnoeic and died over a per iod of 
24 hours.

Patho log ica l  Findings

Gross: There was extens ive  severe pneumonic co n so l ida t io n  of

the c ra n ia l  lobes, the middle lobe and the c ran ia l  par ts  o f  the 

caudal lobes. The caudal par ts  o f  the caudal lobes were s o l id  and 

on cross sect ion  the surface appeared sh iny w ith  oedema f l u i d  

exuding from the cut sur face .  The trachea contained blood sta ined 
f r o th y  f l u i d .

M ic roscop ic :  The major fe a tu re s ,  present in  a l l  lobes, were

acute pneumonia wi^h damage to  the a lv e o la r  and b ro n ch io la r  

e p i th e l iu m .  There was focal necrosis and hyperp las ia  of the 

a lv e o la r  and the b ro n ch io la r  e p i th e l iu m .  In the middle lobe there  

were, in  a d d i t i o n ,  e p i t h e l i a l  syncy t ia  in the a lv e o l i  and 

b ronch io les .  Some syncy t ia  conta ined e o s in o p h i l i c  i n t ra cy to p la sm ic  

in c lu s io n  bodies. In the dorsal par ts  of a l l  lobes and the caudal 

pa r ts  o f  the caudal lobes the re  was marked hya l ine  membrane 

fo rmat ion  and e a r ly  p r o l i f e r a t i o n  of the a lv e o la r  e p i the l iu m .  In 

these areas there  was l i t t l e  damage to  the b ro n ch io la r  e p i the l ium  

and no syncy t ia  or in c lu s io n  bodies were present.

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

detected in the b ro n ch io la r  and the, a lv e o la r  e p i the l iu m  in the 

ven t ra l  pa r t  o f  the middle lobe. A l l  o ther  areas were negat ive .  

No PI3 v i r a l  ant igens were detected.

M ic ro b io lo g ic a l  Findings

No pathogenic v i ru se s ,  b a c te r ia  or mycoplasmas were i s o la te d  from

the lungs of t h i s  c a l f .
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RS VIRAL INFECTION: CASE RC8

Date 15th November, 1982 Breed F r ie s ia n  cross

Age Four months Di ed/Slaughtered Died

Hi s to ry

This c a l f  v/as one of a group of housed, weaned ca lves. I t  had been 

vacc inated,  along w i th  the re s t  o f  the group, w i th  Tracher ine f i v e  

days p r i o r  to becoming i l l  w i th  r e s p i r a to r y  disease. Over a period 

o f  24 hours the c a l f  became dyspnoeic and d ied.

Patho log ica l  Findings

Gross: There v/as moderate pneumonic co n s o l id a t io n  of the

c ra n ia l  lobes and the middle lobe. There was widespread severe 

I n t e r s t i t i a l  emphysema w i th  b u l la  fo rmation in the caudal lobes.

Mic roscop ic :  There v/as an acute pneumonia w i th  e p i t h e l i a l

damage. Focal necrosis and p r o l i f e r a t i o n  of b ro nch io la r  and 

a lv e o la r  e p i the l iu m  were the most no t iceab le  fe a tu re s .  Syncyt ia ,  

some w i th  e o s in o p h i l i c  in t ra c y to p la s m ic  i n c lu s io n  bodies, were 

present in the b ro nch io la r  and the a lv e o la r  e p i the l iu m  (F ig .  3).  

Macrophages and a few n e u t ro p h i ls  were present in a lv e o la r  

a irspaces w i th  the neu t roph i l  component f o c a l l y  intense in  some 

areas. There was a mi ld  b ro n c h i t i s  w ith  e p i t h e l i a l  dysp las ia  andan 

increased number o f  lymphocytes and plasma c e l l s  in  the lamina 
p ro p r ia .

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

present in  the b ro nch io la r  and the a lv e o la r  syncy t ia  and in s ing le  

c e l l s  at both s i t e s .  No PI3 v i r a l  ant igens were de tected.

M ic ro b io lo g ic a l  Findings

No pathogenic v i ru se s ,  b a c te r ia  or mycoplasmas were iso la te d  from 
the lungs o f  t h i s  c a l f .
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RS VIRAL INFECTION: CASE RC9

Date 11th November 1982 Breed Charo la is  Cross

Di ed/Slaughtered DiedAge Four months 

H is to ry

This c a l f  was in  a suck le r  herd which had been housed fo r  two 

weeks. The calves had access to creep feed and were In contact 

w i th  t h e i r  dams. There was an outbreak o f  acute r e s p i r a to r y  

disease in  the ca lves. This c a l f  became dyspnoeic and, desp i te  

ex tens ive  a n t i b i o t i c  t rea tm en t ,  died four  days a f t e r  f i r s t  being 

no t iced  to be i l l .

Pa tho log ica l  F in d in g s :

Gross: There was extens ive  pneumonic co n s o l id a t io n  o f  the

c ra n ia l  lobes, the middle lobe and the c ra n ia l  par ts  o f  the caudal 

lobes. Widespread severe i n t e r s t i t i a l  emphysema w ith  b u l la  

fo rmat ion  in the caudal lobes was a s t r i k i n g  fe a tu re .  The caudal 

lobes were d i f f u s e l y  s o l i d  and heavy and on c ro ss -sec t io n  oedema 

f l u i d  exuded from the cut sur face .

Mic roscop ic :  There was an acute pneumonia in the c ra n ia l  lobes

w i th  damage to  the b ro nch io la r  ep i the l ium  c o n s is t in g  o f  focal 

necros is  and syncyt ium fo rm a t ion .  A few lymphocytes and plasma 

c e l l s  were present in  the p e r ib ro n c h io la r  t i s s u e s .  In the lamina 

p ro p r ia  o f the bronchi there  were a few plasma c e l l s  and occasional 

loose aggregates of lymphocytes. In the a lv e o l i  there  was severe 

congest ion and oedema of the wal ls  but few e p i t h e l i a l  changes. In 

the caudal lobes the re  was focal necros is  of the b ronch io la r  

e p i th e l iu m ,  but no syncytium fo rma t ion .  In the a lv e o l i  there was 

widespread hya l ine  membrane fo rmation (F ig . 11).

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

detected in the b ro nch io la r  e p i the l ium  in the c ran ia l  lobe. No 

v i r a l  ant igens were detected in o ther  areas or lobes .  No PI3 v i r a l  

ant igens were detected.

M ic ro b io lo g ic a l  Findings

No pathogenic v i ruses or b a c te r ia  were i s o la te d  from the lungs. 

Mycoplasma bovis was i s o la te d  from the r i g h t  c ra n ia l  lobe.
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RS VIRAL INFECTION: CASE RCIO

Date 5th November 1980 Breed F r ies ian  Cross

Di ed/Slaughtered DiedAge Four months 

Hi s to ry
One o f  a group o f  20, four  months o ld ,  weaned calves in  which there  

was an outbreak o f  acute re s p i r a to r y  disease. They were housed in 

a b u i ld in g  w ith  o lde r  animals (n ine months and 15 months) in 

ad jacent pens. The re s p i r a to r y  disease a f fec ted  the pen of younger 
animals on ly .  A l l  were coughing and tachypnoeic . Five calves 

d ied ,  apparent ly  suddenly, over a period of f i v e  days. This was 

the second c a l f  to  d ie .

Patho log ica l  Findings

Gross: There was s l i g h t  pneumonic co n so l id a t io n  in the c ran ia l

and the middle lobes. Pneumonic lobu les  were red and s l i g h t l y  

swol len.  In t ra -1 o b u la r  haemorrhages were present in the pneumonic 

and non-pneumonic areas. The consol idated areas were not very 

ex tens ive ,  in v o lv in g  only 20% o f  the c ran ia l  lobes and 10% o f  

the middle lobes. A l ja ce n t  non-pneumonic areas were o v e r in f l a t e d .  

There was widespread severe i n t e r s t i t i a l  emphysema w i th  b u l la  

fo rmation in both caudal lobes.

Microscop ic :  There was congest ion and oedema in  the a lv e o l i

but no marked e p i t h e l i a l  damage (F ig ,  2). In some areas, adjacent 

to  the b ronch io les ,  there  was an i n f i l t r a t e  of macrophages and a 

few n e u t ro p h i l s .  There were s t r i k i n g  les ions  in  the b ro n ch io la r  

e p i th e l iu m  w i th  focal necros is  and the formation of s yn cy t ia ,  some 

w i th  e o s in o p h i l i c  in t ra c y to p la s m ic  i n c lu s io n  bodies. There was a 

m i ld  b r o n c h i t i s .

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

detected in  the b ro nch io la r  e p i th e l iu m .  No RS v i r a l  ant igens were 

detected in  a lv e o la r  e p i t h e l i a l  c e l l s .  The sect ions were negat ive 

f o r  PI3 v i r a l  ant igens.

M ic ro b io lo g ic a l  Findings

No pathogenic v i ru s e s ,  b ac te r ia  or mycoplasmas were i s o la te d  from

the lungs of t h i s  c a l f .
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RS VIRAL INFECTION; CASE RCll

Date 6th February 1982 Breed F r ies ian

Age Four months Pied/S1aughtered Died

Hi s to ry

This c a l f  was housed in " i s o l a t i o n "  at an MMB Bull  rea r ing  u n i t .  

E ight weeks a f t e r  a r r i v a l  at the u n i t  the animal became tachypnoeic 

and hyperpnoeic. I t  g ra du a l ly  became dyspnoeic over a period of 

th ree  days and, desp i te  t reatment w i th  a n t i b i o t i c s ,  d ied .

Patho log ica l  Findings

Gross: There was extens ive  co n so l id a t io n  in  the c ran ia l  lobes

and the middle lobe. Normal or o v e r in f l a te d  lobu les  were present 

in the conso l ida ted  areas. There was widespread severe 

i n t e r s t i t i a l  emphysema w i th  b u l la  fo rmation in  the caudal lobes. 

Pneumonic lobu les  were present adjacent to the loba r  bronchi in the 

caudal lobes. The trachea was congested w i th  f r o th y  mucus in  the 

1umen.

Microscop ic :  The p r in c ip a l  changes were in the bronchio les w ith

foca l necros is  o f  the e p i the l iu m  and syncyt ium fo rm at ion .  In some 

bronch io les  syncy t ia  had detached and become n e c ro t ic  w i th  

degenerat ion of the n u c le i .  There was severe congest ion and oedema 

o f  a lv e o l i  w i th  some necros is  and syncytium fo rmation in  the 

a lv e o la r  e p i th e l iu m .  E o s in o p h i l i c  in t ra c y to p la s m ic  i n c lu s io n  

bodies were present in many syn cy t ia .  In some areas there  were 

in tense foca l  accumulat ions o f  n e u t ro p h i ls  in  a l v e o l i ,  in others 

the i n f i l t r a t e  was composed of roughly equal numbers of macrophages 

and n e u t ro p h i l s .

Immunofluorescence: Resp i ra to ry  syncy t ia l  v i r a l  ant igens were

detected in  the e p i t h e l i a l  syncy t ia  and in  in d i v id u a l  e p i t h e l i a l  

c e l l s  in the a lv e o l i  and the b ronch io les .  No PI3 v i r a l  ant igens 

were detected .

M ic ro b io lo g ic a l  Findings

No t issues  were a v a i la b le  f o r  the i s o l a t i o n  o f  v i ruses or

mycoplasmes. The lungs were b a c t e r i o l o g i c a l l y  s t e r i l e .
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RS VIRAL INFECTION: CASE RC12

Date 20th February 1983

Age Four months

Breed F r ies ian
Died/Slaughtered Slaughtered

Hi s to ry

This was one o f  a group o f  nine housed calves being used in an 

exper iment .  I t  became moderately i l l  w i th  r e s p i r a to r y  disease 

and did not respond to a n t i b i o t i c  therapy. I t  was never dyspnoeic.

Patho log ica l  Findings

Gross: There was moderately extensive  patchy pneumonic

co n so l id a t io n  in the c ran ia l  lobes, middle lobe and c ran ia l  parts  

o f  the caudal lobes. The pneumonic lobules were deep red, s l i g h t l y  

swol len and had a smooth, homogeneous sur face. At the t i p s  of the 

lobes the pneumonic lobu les  were con f luen t  and at the per iphery  o f  

and dorsal to  these areas there  were m u l t ip le  i n d iv id u a l  pneumonic 

lob u le s .  The t rachea l  and bronch ia l  lumina were f ree  of mucopus 

and there was no marked i n t e r s t i t i a l  emphysema.

Microscop ic : The s t r i k i n g  fea tu re  was the presence o f  numerous

la rge  syncy t ia  in the b ro n ch io la r  e p i th e l iu m ,  many o f  which

conta ined one or more e o s in o p h i l i c  in t ra c y to p la s m ic  i n c lu s io n

bodies. There was necros is  and dysp las ia  o f  the b ro nch io la r  

e p i th e l iu m .  Lymphocytes were present between the e p i t h e l i a l  c e l l s

and in  close appos i t ion  to  some syn cy t ia .  Cel ls  con ta in ing  

in c lu s io n  bodies were present in  the bronchia l  e p i the l iu m  and there  

was a b r o n c h i t i s  w i th  increased numbers of lymphocytes and plasma 

c e l l s  in  the lamina p ro p r ia .  The a lv e o l i  were congested and 

oedematous. The e p i t h e l i a l  c e l l s  were swol len and some contained 

in c lu s io n  bodies.  Few syncy t ia  were present in the a l v e o l i .

Immunofluorescence: Resp ira to ry  syncy t ia l  v i r a l  ant igens were

present in v i r t u a l l y  a l l  o f  the b ro n c h ia l ,  b ro n ch io la r  and a lv e o la r  

e p i t h e l i a l  c e l l s  in  the pneumonic areas. No PI3 v i r a l  ant igens 
were de tected.

M ic ro b io lo g ica l  Findings

Respira tory  s y n c y t ia l  v i ru s  was is o la te d  from the r i g h t  c ra n ia l  
lobe of the lung.
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RS VIRAL INFECTION: CASE RC13

Date 14th November 1982.

Five months

Breed F r ie isa n  X Hereford

Di ed/SIaughtered DiedAge 
H is to ry

This was one o f  a group o f  27 ca lves,  aged fou r  to  f i v e  months, 

which were housed in  d i r e c t  contact w ith  younger calves one month 

o f  age. The calves had been in the same b u i ld in g  since f i v e  weeks 

o f  age and during t h i s  t ime animals had been added to  o ther  groups 

in the b u i l d in g .  Over a per iod o f  two days th ree  calves became 

severe ly  i l l  w i th  r e s p i r a to r y  d is t r e s s  and died.

Patho log ica l  Findings

Gross: There was ex tens ive c o n so l ida t io n  o f  the c ra n ia l  lobes

and the middle lobe. There was widespread severe i n t e r s t i t i a l  

emphysema w ith  b u l la  fo rmation in caudal lobes. Small haemorrhages 

were present in  the t rachea l  and the bronchia l  mucosae. Small 

q u a n t i t i e s  o f  mucopus were present in the a irways.

M ic roscop ic :  There was a severe acute pneumonia w i th  e p i t h e l i a l

damage. E p i t h e l i a l  s y n c y t ia ,  some w i th  e o s in o p h i l i c

in t ra c y to p la s m ic  i n c lu s io n  bodies were present in the a lv e o la r  and 

the b ro n c h io la r  e p i th e l iu m .  Lymphocytes and a few plasma c e l l s  

were present in p e r ib ro n c h io la r  t i ssues  and in the bronchia l  lamina 

p ro p r ia .  There was focal necros is  and hyperp las ia  o f  the a lv e o la r  

e p i th e l iu m .  In the caudal par t  o f  the caudal lobes there  was 

marked congest ion and oedema in the a lv e o l i  w i th  hya l ine  membrane 

fo rm at ion .  There was foca l necros is  o f  b ro n ch io la r  e p i the l iu m  but 

no syncy t ia  or in c lu s io n  bodies in  e i t h e r  b ronch io les  or a l v e o l i .

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

detected in  b ro n c h ia l ,  b ro n ch io la r  and a lv e o la r  e p i th e l iu m ;  both 

in  syncy t ia  and in s in g le  c e l l s .  No PI3 v i r a l  ant igens were 

de tec ted .  No v i r a l  ant igens were detected in  the caudal pa r t  of  

the caudal lobes.

M ic ro b io lo g ic a l  Findings

No pathogenic v i ru s e s ,  bac te r ia  or mycoplasmas were i s o la te d  from
the lungs o f  t h i s  c a l f .
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RS VIRAL INFECTION: CASE RC14

Date 29th October 1981 

Age Five months

Breed Ayrsh i re

Di ed/SIaughtered Died

Hi s to ry

A housed, weaned d a i ry  c a l f  which had su f fe red  "bouts o f pneumonia" 

over the previous several months. I t  suddenly became very 

dyspnoeic and d ied.

Patho log ica l  Findings

Gross: There was severe co n so l id a t io n  of the c ra n ia l  lobes, the

middle lobe and the c ra n ia l  pa r ts  o f the caudal lung lobes. 

There was widespread severe i n t e r s t i t i a l  emphysema w ith  b u l la  

fo rmat ion  in  the caudal lobes. Frothy f l u i d  and f l o c c u le s  o f  

mucopus were present in major bronchi and t rachea.

M ic roscop ic :  In a l l  pneumonic areas there was a severe acute

exudat ive pneumonia w ith  e p i t h e l i a l  damage. Syncyt ia ,  some w i th  

e o s in o p h i l i c  i n t ra cy to p la sm ic  in c lu s io n  bodies, were present in 

b ro n ch io la r  and the " I v e o la r  e p i th e l iu m .  There were focal areas o f  

e p i t h e l i a l  necros is  and of e p i t h e l i a l  hyperp las ia .  Some syncy t ia  

had apparen t ly  detached from the e p i th e l iu m .  Numerous small c e l l s  

w i th  very l i t t l e  cytoplasm and densely s ta in in g  n u c le i ,  presumably 

lymphocytes, were seen in close appos i t ion  to  some s y n c y t ia .  Small 

numbers o f  lymphocytes and plasma c e l l s  were present in 

p e r ib ro n c h io la r  t i s su e s  and in  the lamina p ropr ia  o f 

in t ra -pu lm onary  b ronch i .

Immunofluorescence: Sections of lung were p o s i t i v e  f o r  RS v i r a l

an t igens .  Syncyt ia and s ing le  c e l l s  contained v i r a l  antigens in 

both the a lv e o la r  (F ig .  8) and the b ro nch io la r  e p i th e l iu m .  Single 

c e l l s  contained ant igens in  the bronchia l  e p i th e l iu m .  No PI3 v i r a l  
ant igens were detected .

M ic ro b io lo g ic a l  Findings

No samples were a v a i la b le  f o r  m ic ro b io lo g ic a l  examinat ion.
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RS VIRAL INFECTION; CASE RC15

Date 17th December 1982 

Age Eight months

Breed Charo la is

Died/SIaughtered Died

Hi s to ry

This animal was invo lved in an outbreak o f  acute r e s p i r a to r y  

disease in a group o f  10 boug h t - in ,  weaned s ing le -su ck le d  calves 

which were housed to g e th e r .  A l l  the group were a f fec ted  w ith  

vary ing degrees o f  coughing, tachypnoea and dyspnoea. There was no 

response to  a n t i b i o t i c  therapy. This c a l f  died w i t h in  48 hours of 

f i r s t  being no t iced  to  be i l l .

Pa tho log ica l  Findings 

Gross: Not recorded

Microscop ic : In a l l  the sect ions of lung examined there  was a

severe acute pneumonia w i th  e p i t h e l i a l  damage. Syncyt ia were 

present in  the b ro n ch io la r  e p i the l iu m ,  some con ta in ing  

e o s in o p h i l i c  i n t ra cy to p la sm ic  i n c lu s io n  bodies. Necrot ic  syncy t ia  

were l y in g  f ree  in  the b ro nch io la r  lumen. There was an intense 

macrophage and neu t roph i l  response in the a lv e o l i  w i th  marked

congest ion and oedema o f  the a lv e o la r  w a l l s .  In some areas there 

was hya l ine  membrane fo rm at ion .  In a l l  the sect ions there  were

vary ing degrees o f  lymphocyt ic  c e l l  accumulation around small 

b ronch i ,  b ronch io les  and blood vessels .

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

detected in the b ro nch io la r  and the a lv e o la r  e p i th e l iu m .  No PI3

v i r a l  ant igens were de tected.

M ic ro b io lo g ic a l  Findings

No samples were a v a i la b le  f o r  m ic ro b io lo g ica l  examinat ion.
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RS VIRAL INFECTION: CASE RC16

Date 30th October 1982 

Twelve months

Breed Shorthorn cross

Di ed/SIaughtered DiedAge 

Hi s to ry

The animal presented w ith  nervous signs - l a t e r a l  recumbency and 

nystagmus. I t  had a rec ta l  temperature of 103.5°F. There were no

re s p i r a to r y  signs noted o ther  than harsh i n s p i r a t o r y  and e x p i ra to ry  

sounds.

Patho log ica l  F in d in g s :

Gross: The pa tho log ica l  d iagnosis  was l i s t e r i o s i s  w i th

pneumonia as an in c id e n ta l  f i n d in g .  There was pneumonia in v o lv in g  

the c ra n ia l  lobes, the middle lobe and the c ra n ia l  par ts  o f  the

caudal lobes. The les ions were s l i g h t l y  depressed, dark pink and

f i rm  to  cu t .  There was no i n t e r s t i t i a l  emphysema.

Microscop ic :  The s i g n i f i c a n t  featu res in the lungs were

congest ion and oedema o f  the a lv e o l i  w ith  e p i t h e l i a l  damage in  

the a l v e o l i ,  the bronch io les and the bronchi. '  Syncyt ia were 

present  in  the b ro n ch io la r  and, o c c a s io n a l l y ,  in the a lv e o la r

e p i th e l iu m .  Some syncy t ia  contained e o s in o p h i l i c  i n t ra cy to p la sm ic  

i n c lu s io n  bodies.  Inc lus ion  bodies were also present in  i n d iv id u a l  

e p i t h e l i a l  c e l l s  in a l v e o l i ,  b ronch io les  and b ronch i .  There was a 

m i ld  macrophage response and a few n e u t rop h i ls  were present in the 

a lv e o la r  a irspaces. The bronch io les were plugged w i th  inf lammatory 

c e l l s  and detached e p i t h e l i a l  c e l l s .

Immunofluorescence: Resp i ra to ry  syn cy t ia l  v i r a l  ant igens were

present in  a l v e o la r ,  b ro n ch io la r  and bronchia l  e p i the l iu m  (F ig ,  5).  

The m a jo r i t y  o f b ro n ch io la r  c e l l s  were in fec ted  but r e l a t i v e l y  

fewer b ronch ia l  c e l l s  and few a lv e o la r  c e l l s .  No RS v i r a l  ant igens 

were present in the sect ions of bra in  which were examined. No PI3 

v i r a l  ant igens were detected in  the lungs.

M ic ro b io lo g ic a l  F in d in g s :

No samples were a v a i la b le  f o r  m ic ro b io lo g ic a l  examinat ion.
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Summary o f  Findings in  RS V i ra l  Cases

A to ta l  o f  21 in d i v id u a l  cases o f  RS v i r a l  i n f e c t i o n  have 

been descr ibed. C l i n i c a l  s igns which were observed f r e q u e n t ly  were 

coughing, tachypnoea, hyperpnoea and severe dyspnoea. Nasal 

d ischarge was not a marked fea tu re  in  most cases. The c l i n i c a l  

s igns were of sudden onset and, in some cases, animals died 

suddenly w i thou t  p re v io u s ly  having been not iced to  be i l l .  In a l l  

cases there was evidence o f  r e s p i r a to r y  disease in o ther  calves in 

e i t h e r  d i r e c t  or i n d i r e c t  contact w ith  the severe ly  a f fe c te d  ones. 

In some cases there  was a h i s t o r y  of recu r ren t  r e s p i r a to r y  disease 

on the farm in  the previous months or yea rs ,  e i t h e r  as acute 
outbreaks or as p e rs is te n t  chron ic  problems. In o ther  cases t h i s  

was apparen t ly  not so and the r e s p i r a to r y  disease in c id e n t  was 

thought ,by  the farmer, to be unusual f o r  the farm. Cases occurred 

on ly  in  housed ca lves ,  al though some had only re c e n t ly  been housed 

and others had cont inua l  access to the ou ts ide .  The cases were 

d i s t r i b u t e d  th roughout the w in te r  housing per iod from October u n t i l  

A p r i l  but the m a jo r i t y  occurred between October and December. Both 

d a i r y - t y p e  and beef-^ype calves were a f fe c te d .  Most o f  the calves 

which died due to  the e f f e c t s  of RS v i r a l  i n f e c t i o n  were between 

two and s ix  months o ld ,  however, there  was a lso one e igh t  months 

o ld  animal which d ied. Other calves aged less than two months and 

over s i x  months were a lso received but in these cases there  were 

com p l ica t ing  les ions in o ther  organs and the pulmonary les ions  were 

regarded as an in c id e n ta l  f i n d in g .

In a l l  cases animals which died were amongst the f i r s t  in  

the outbreak to d ie .  Several cases, not described here, were 

received from l a t e r  stages o f  the same outbreaks but the lungs from 

these did not conta in  RS v i r a l  ant igens.

At post-mortem examinat ion the gross f i n d in g s  in those cases 

which had died or were s laughtered because they had re s p i r a to r y  

disease were remarkably s i m i l a r .  These w i l l  be described f i r s t .  

Grossly there  was pneumonia i n v o lv in g  the c ran ia l  par ts  o f  the lung 

lobes and widespread severe i n t e r s t i t i a l  emphysema w i th  large
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b u l lae  of gas in the caudal lobes. The pneumonic les ions  were 

ge ne ra l ly  acute and uncomplicated by severe secondary b a c te r ia l  

i n f e c t i o n .  There was congest ion and oedema of the pneumonic areas 

and the les ions  were s l i g h t l y  ra ised above the leve l  o f  the normal 

lung .  There was no f i b r o s i s ,  f rank necros is ,  f i b r i n o u s  p le u r i s y  or 

suppura t ion .  In t ra -1 o b u la r  and sub-p leura l  haemorrhages were 

common in both the pneumonic and in  the adjacent non-pneumonic 

areas. Non-pneumonic, o v e r in f l a t e d  lobu les  were sometimes 

sca t te red  throughout the pneumonic areas and were commonly present 

at t h e i r  p e r iphe ry .  On cross sec t ion  the sur face o f  the les ions  

were smooth, fe a tu re le ss  and homogenous w i th  l i t t l e  or no exudate, 

apar t  from some f r o th y  mucopus, in  the a irways. The trachea and 

the bronchia l  mucosae were o f ten  congested. In a m in o r i t y  of cases 

there  were, in  a d d i t i o n  to  the les ions  descr ibed,  long standing 

chron ic  les ions  in the c ran ia l  lobes w ith  f i r m ,  co l lapsed a l v e o l i ,  

prominent airways surrounded by f ib ro u s  t i s s u e  and la rge  q u a n t i t i e s  

o f  mucopus present in the airways.

The ex ten t  of the acute les ions  was o f ten  not thought to be 

s u f f i c i e n t  to  be the cause of severe r e s p i r a to r y  d is t r e s s  on t h e i r  

own, w i th  less than 20% o f  the lung volume being conso l ida ted .  In 

o ther  cases, however, there  were a d d i t io n a l  ex tens ive les ions  

spread d i f f u s e l y  throughout the caudal lobes and dorsal par ts  o f 
the c ra n ia l  and middle lobes. In these instances the lungs were 

u n i fo rm ly  f i rm  and heavy w i th  deep red or red /g rey  lobu les .  They 

were f leshy  to  cut and the lobu les  had a smooth, sh iny sur face from 

which oedema f l u i d  exuded on pressure.

A s t r i k i n g  l e s io n ,  common to  a l l  cases w i th  severe 

r e s p i r a to r y  d isease, was i n t e r s t i t i a l  emphysema. Gas was present 

in  the i n t e r l o b u l a r  septae o f  a l l  the lobes and had d issected 

between the lobu les  to  form large  bu l lae  up to  10cm in d iameter.  

These were most f r e q u e n t ly  present in the dorsal pa r t  o f  the caudal 

lobes but were sometimes present in  the dorsal pa r ts  o f  o ther  

lobes. Occas iona l ly  gas had tracked in to  the mediastinum and in to  

the med iast ina l  lymph nodes. The lungs did not co l lapse  on opening 

the chest and, in  some cases, appeared to  expand s l i g h t l y .
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In the cases which did not die or were not s laughtered 

because they had r e s p i r a to r y  disease the pneumonic les ions  were 

g ross ly  s i m i l a r  to  those described. However, i n t r a l o b u la r  

haemorrhages and i n t e r s t i t i a l  emphysema were less frequent  f i n d in g s  

and none had les ions  in  the caudal parts  of the caudal lobes. In 

one case there  were areas o f  coagu la t ive  necros is  sca t te red  

th roughout the pneumonic areas.

H i s t o l o g i c a l l y  the pneumonic les ions in the c ran ia l  and 

middle lobes and in the c ra n ia l  par ts  o f  the caudal lobes were 

s i m i l a r  in a l l  of  the cases and consisted o f  acute inf lammation and 

e p i t h e l i a l  damage. In some cases there were a d d i t io n a l  les ions  

which w i l l  be descr ibed l a t e r .  There was b r o n c h i t i s ,  a 

b r o n c h i o l i t i s  and an a l v e o l i t i s ,  each w ith  e p i t h e l i a l  damage, but 

not necessa r i ly  occu r r ing  toge ther  in a l l  cases. B ro n ch i t i s  was a 

con s is ten t  fe a tu re  w ith  congest ion and oedema o f  the bronchia l  wal l  

and increased numbers of lymphocytes, plasma c e l l s  and mononuclear 

c e l l s  in  the lamina p ro p r ia .  The e p i the l iu m  was in most cases 

d y s p la s t i c  and h y p e rp la s t i c .  Nuclei were arranged at i r r e g u l a r  

le v e ls  in the e p i t h e l i a l  la y e r  and o ccas iona l ly  a few n e u t rop h i ls  

and lymphocytes were present between the e p i t h e l i a l  c e l l s .  

E o s in o p h i l i c  i n t ra c y to p la s m ic  in c lu s io n  bodies were o cca s io n a l ly  

present  in bronchia l  e p i t h e l i a l  c e l l s  and in some cases small 

e p i t h e l i a l  s y n c y t ia ,  w i th  two or th ree n u c le i ,  were present.  In a 

few cases there were la rge aggregates of lymphocyt ic  c e l l s  in  the 
b ronch ia l  w a l l .

B ronch io la r  les ions  were a cons is ten t  f i n d in g  in  a l l  o f  the 

cases al though they var ied in type and in degree. In most there 

was e p i t h e l i a l  dysp las ia  and focal e p i t h e l i a l  nec ros is .  There were 

o f ten  e p i t h e l i a l  s y n c y t ia ,  usua l ly  con ta in ing  between three and 

seven nuc le i  but o cca s io n a l l y  up t o  12 or  15. The nuclear  

morphology of the syncy t ia  was c h a r a c t e r i s t i c .  They were la rg e ,  

pale and oval w i th  p e r ip h e r a l l y  clumped chromatin , hyperchromatic 

nuc lear  membranes and prominent n u c le o l i .  In most cases they 

overlapped each o ther  and were c e n t r a l l y  placed w i th in  the 

syn cy t ia l  cytoplasm. The r a t i o  o f  nuc le i  to cytoplasm was high.
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Some in d iv id u a l  syncy t ia  were seen to be undergoing necros is  and in 

these the cytoplasm was densely e o s in o p h i l i c  or s l i g h t l y  b a so p h i l i c  

and the nucle i  were smal l ,  dark s ta in in g  and becoming pynknot ic .  

Even tua l ly  the syncytium detached from the e p i the l iu m  and could be 

seen f ree in  the b ro nch io la r  lumen amongst the c e l l u l a r  debr is .  

The nuc le i  f i n a l l y  d i s in te g ra te d  and the cytoplasm became an 

amorphous mass which e ve n tu a l l y  fragmented. In some cases the 

pynknot ic  nuc le i  were very obvious under low power examinat ion and 

gave the f i r s t  c lue th a t  RS v i r a l  i n f e c t i o n  might be present.  

Viable syncy t ia  were most obvious when they p ro jec ted  from the 

b ro n c h io la r  wal l  i n t o  the lumen. In some cases they were less 

obvious because they were leve l  w ith  the surrounding e p i t h e l i a l  

c e l l s .  However, they could genera l ly  be recognised by the 

over lapp ing  of the n u c le i .  Inc lus ion  bodies were also seen in  

in d i v id u a l  b ro nch io la r  e p i t h e l i a l  c e l l s  and these had nuc le i  w ith  a 

s i m i l a r  morphology to  those in the syncy t ia .

In several cases there  was complete loss o f  the normal 

s t r u c tu r e  of the b ro n ch io la r  e p i the l ium  and i t s  replacement w ith  

f l a t t e n e d ,  s l i g h t l y  b a s o p h i l i c  c e l l s .  This was thought to

represent e p i t h e l i a l  regenerat ion fo l lo w in g  necros is .

P e r ib ro n c h io la r  changes were a cons is ten t  f i n d in g  in  a l l  

cases but var ied  markedly in degree. In the le a s t  developed form 

there  were a few lymphocytes and plasma c e l l s  d i s t r i b u t e d  evenly 

around the b ro nch io le .  Occasiona l ly  lymphocytes were present 

between the e p i t h e l i a l  c e l l s  or in close a ssoc ia t ion  w i th

e p i t h e l i a l  s y n c y t ia .  In o ther  cases there were extens ive c e l l u l a r

accumula t ions, p r i n c i p a l l y  o f lymphocytes, in the p e r ib ro n c h io la r  

t i s su e s  a l though in on ly  two cases were these s u f f i c i e n t l y  wel l
developed to form c u f f s .

A lve o la r  changes were, in  some cases, less marked than those 

in  the bronch io les  and cons is ted  o f  on ly  congest ion and oedema w ith  

no s i g n i f i c a n t  e p i t h e l i a l  damage. In these there  was a s l i g h t  

i n f i l t r a t e  o f  macrophages and a few n e u t rop h i ls  i n t o  the a lv e o la r  

a irspaces .  In o the r  cases there were marked e p i t h e l i a l  changes
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w ith  foc i  o f  n ec ros is ,  foc i  o f  e p i t h e l i a l  hyperp las ia  and the

fo rmat ion  o f  e p i t h e l i a l  s y n c y t ia .  The syncy t ia  were, in

appearance, s i m i l a r  to  those in the b ronch io les .  They a lso

underwent necros is  and degenerat ion and could be seen f ree  in the 

a lv e o la r  lumen. In a d d i t i o n ,  syncy t ia  p ro je c t in g  i n to  the lumen
could appear to  be f ree  i f  not sect ioned through t h e i r  e p i t h e l i a l  

a t tachment.  In t h i s  p o s i t io n  they could be d i f f i c u l t  to

d is t i n g u is h  from macrophage s y n c y t ia ,  al though these l a t t e r  c e l l s  

u s u a l l y  had more abundant cytoplasm and sm a l le r ,  p e r ip h e r a l l y  

placed n u c le i .  In a l v e o l i  con ta in ing  e p i t h e l i a l  syncy t ia  the

c e l l u l a r  i n f i l t r a t e  was u su a l l y  composed of approx imate ly  equal 

p ropo r t ions  o f  macrophages and n e u t ro p h i l s ,  al though in some cases 

the n e u t r o p h i l i c  component was more in tense .  Short runs of 

h y p e rp la s t i c  e p i th e l iu m  were seen in a lv e o la r  areas in  which there  

were syn cy t ia .  In areas w i thou t  syncy t ia  t h i s  les ion  was more 
e x tens ive .

In a few animals there  were a d d i t io n a l  les ions  to  those 

descr ibed. These occurred at the per iphery  of the pneumonic areas 

and a lso ,  in several cases, d i f f u s e l y  throughout the caudal lobes

and in the dorsal par ts  of the c ra n ia l  and the middle lobes. They

cons is ted o f  a d i f f u s e  acute p r o l i f e r a t i v e  a l v e o l i t i s .  The

s t r i k i n g  changes were severe congest ion and oedema of the a lv e o la r  

w a l ls  and hya l ine  membrane fo rm at ion .  The c e l l u l a r  i n f i l t r a t e  was 

predominant ly  composed of macrophages. The a lv e o la r  e p i the l ium  was 

h y p e rp la s t i c ,  f o c a l l y  in the e a r l y  stages and d i f f u s e l y  when the 

les io n  was f u l l y  developed, w i th  a laye r  o f  cuboidal c e l l s  w ith  

s l i g h t l y  b a s o p h i l i c  cytoplasm l i n i n g  the a lve o lus .  No in c lu s io n  

bodies or syncy t ia  were present in t h i s  les ion  al though there were 

occasional b inuc lea te  c e l l s  in  the e p i the l iu m .  The b ro nch io la r  

e p i th e l iu m  was r e l a t i v e l y  undamaged although there  were a few foc i

o f  nec ros is .  The lamina p rop r ia  o f  the airways was oedematous and

the re  were a few lymphocytes and plasma c e l l s  in  the
p e r ib ro n c h io la r  t i s s u e s .

Resp i ra to ry  s y n c y t ia l  v i r a l  ant igens were detected in  

b ro n c h ia l ,  b ro n ch io la r  and a lv e o la r  e p i t h e l i a l  c e l l s .  Both
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syncy t ia  and in d i v id u a l  e p i t h e l i a l  c e l l s  were seen to  conta in  

ant igens but c e l l s  in the lumina o f  the a irways,  apart  from 

detached e p i t h e l i a l  c e l l s ,  were negat ive . Antigens were not 

demonstrated unequ ivoca l ly  in septa l  c e l l s ,  blood vessels or

lymphat ics .  A n t ig e n -p o s i t i v e  c e l l s  contained in t ra c y to p la s m ic  

granules o f  ant igen which var ied  in s ize .  The l a rg e r  granules 

o f ten  sta ined in te n s e ly  a t  the edge but l i g h t l y  in  the centre and 

some o f  them corresponded to  the e o s in o p h i l i c  in t ra c y to p la s m ic  

in c lu s io n  bodies seen by s ta in in g  w i th  H&E. No in t r a n u c le a r  

ant igens were de tec ted .  In i n d iv id u a l  in fe c te d  c e l l s  in  the 

bronchi and the bronch io les  v i r a l  ant igens were present in the

cytoplasm between the nucleus and the luminal border o f the c e l l .  

In syncy t ia  ant igens were d i s t r i b u t e d  evenly th roughout the c e l l  

mass.

Three p a t te rns  o f  ant igen d i s t r i b u t i o n  were noted w i t h in

pneumonic lobu les  and these corresponded to th ree  ca tegor ies  of 

h is to p a th o lo g ic a l  appearance. In a p ropo r t ion  o f  animals ant igens 

were present on ly  in  the b ro n ch io la r  e p i th e l iu m ,  w i th  v i r t u a l l y  

every c e l l  being in fe c te d  in  most b ronch io les .  In these cases

foca l  e p i t h e l i a l  necros is  and syncy t ia  were seen by convent ional

s ta in in g .  A lveo la r  changes were minimal w ith  congest ion, oedema 

and a few macrophages and n e u t ro p h i ls  present in the a irspaces but 

l i t t l e  evidence o f  e p i t h e l i a l  damage and no e p i t h e l i a l  syncy t ia  or 

in c lu s io n  bodies. In the second type of change, which was present 

in  most o f  the animals examined, ant igens were present in

the b ro n c h io la r ,  the a lv e o la r  and, o c c a s io n a l l y ,  the bronchia l  

e p i t h e l i a .  The h is t o p a th o lo g ic a l  changes were as expected w ith  

evidence of v i r a l  i n f e c t i o n  at a l l  three s i t e s .  In the t h i r d  type 

o f  change ant igens were present p r im a r i l y  in  the a lv e o la r

e p i th e l iu m  w i th  few or none in the bronch io les  or b ronch i .  In 

these cases s ta in in g  w i th  H&E showed e p i t h e l i a l  syncy t ia  and 

e o s in o p h i l i c  i n t ra c y to p la s m ic  i n c lu s io n  bodies' in  the a lv e o la r  

e p i th e l iu m .  There was dysp las ia  or n ec ros is ,  o f ten  complete, o f  

the b ro n ch io la r  e p i the l iu m  and dysp las ia  o f  the bronchia l

e p i th e l iu m  but no syncy t ia  or in c lu s io n  bodies were present at 
these s i t e s .
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V ira l  ant igens were not present in non-pneumonic areas

except o c c a s io n a l l y  in  c e l l s  in  the lumen o f  bronchi or

b ronch io les .  Areas of d i f f u s e  acute p r o l i f e r a t i v e  a l v e o l i t i s  were 

a lso  devoid o f  demonstrable v i r a l  an t igens .  The number o f  

a n t i g e n - p o s i t i v e  c e l l s  var ied  from lobu le  to lobu le  w i t h in  the lung 

and from case to  case, al though in a l l  cases there  were more 

a n t i g e n -p o s i t i v e  c e l l s  than would have been expected from 

convent ional s ta in in g  w i th  H&E. In some cases a l l  lobes were 

p o s i t i v e .  In o thers  on ly  a few lobules w i t h i n  one lobe were 

p o s i t i v e  despi te  there  being ex tens ive  lung c o n s o l i d a t io n .  V i ra l  

ant igens were on ly present in  les ions  where there  was acute

in f lammation and appeared to  be d i r e c t l y  r e la te d  to the e a r l i e s t

phases o f  acute in f lammat ion .

Other organisms were detected in lungs from cases of RS

v i r a l  i n f e c t i o n  but w i th  no co n s is te n t  p a t te rn  o f  i s o l a t i o n .  

Pathogenic organisms recovered were Pas teu re l la  m u l to c id a . 

Mycoplasma bovis and Ureaplasma spp. Many cases were free  o f  

b a c te r ia  and mycoplasmas al though treatment w i th  a n t i b i o t i c s  may 

have been respons ib le  f o r  t h i s .

No cases o f  combined i n f e c t i o n  w i th  RS v i ru s  and PI3 v i ru s  

were detected.
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Discussion o f  Findings 1n RS V i ra l  Cases

There have ' been f e w  repor ts  deal ing in  d e ta i l  w i th  the 

h is to p a th o lo g ic a l  fea tures  of na tu ra l  RS v i r a l  i n f e c t i o n  in the 

bovine. Ind iv id u a l  outbreaks of acute r e s p i r a to r y  disease due to 

RS v i rus  have been reported by P i r i e  and others (1981a) and 

Elazhary and others (1982). In the former outbreak syncy t ia  and 

e o s in o p h i l i c  i n t ra c y to p la s m ic  in c lu s io n  bodies were a marked 

fea tu re  in the a lv e o la r  e p i the l iu m .  However, in  the l a t t e r  n e i th e r  

o f  these fea tu res  were present al though the lungs o f  two calves 

which had died were p o s i t i v e  fo r  RS v i r a l  ant igens by 

immunofluorescence. A se r ies  o f  e ig h t  cases o f  acute RS v i r a l  

i n f e c t i o n  in which the d iagnosis was conf irmed by 

immunofluorescence were descr ibed by van den Ingh and others 

(1982). E p i th e l i a l  s y n c y t ia ,  in e i t h e r  the b ro n ch io la r  and/or  the 

a lv e o la r  e p i th e l iu m ,  were a co n s is ten t  f i n d in g .  Thomas and S to t t  

(1981) found "g ia n t  c e l l s "  to be present in some, but not a l l ,  o f  

11 cases o f  na tu ra l  RS v i r a l  i n f e c t i o n .  The o r i g i n  of these c e l l s  

was not s p e c i f ie d .

Syncyt ia  were present in 20 o f  the 21 cases of RS v i r a l  

i n f e c t i o n  described in the present ser ies  al though the number and 

t h e i r  d i s t r i b u t i o n  w i t h in  the lung var ied from case to case. In 

the extreme cases there  could be a few syncy t ia  in  on ly  one lobe of 

the lung or many syncy t ia  in a l l  o f  the lobes. The number of 

syncy t ia  did not necessa r i ly  r e la te  d i r e c t l y  to the ex ten t  o f the 

lung c o n s o l id a t io n  thus e r ro rs  in sampling could r e s u l t  in  t h e i r  

being missed. Once found, syncy t ia  due to  v i r a l  i n f e c t i o n  had to  

be d is t in g u is h e d  from those formed from macrophages, al though the 

l a t t e r  were only r a r e l y  found in lungs in which there  were RS v i r a l  

an t igens .  D i f f e r e n t i a t i o n  was on attachment to  the e p i the l iu m ,  

nuc lear  morphology and p o s i t io n  w i t h in  the cytoplasm and the 

presence or absence of in c lu s io n  bodies. Macrophage syncy t ia  were 

not der ived from e p i th e l iu m ,  had smal l ,  round, p e r ip h e r a l l y  placed 

d a rk ly  s ta ined n u c le i ,  abundant cytoplasm and d id not conta in  

e o s in o p h i l i c  i n t ra c y to p la s m ic  i n c lu s io n  bodies.
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In most cases degenerat ing syncy t ia  were present in  the 

e p i the l iu m  and these e ve n tu a l l y  detached to become f ree in the 

lumen o f  e i t h e r  b ronch io les  or a l v e o l i .  W h i ls t  undergoing 

degenerat ion and necros is  the cytoplasm became densely e o s in o p h i l i c  

or s l i g h t l y  b a sop h i l i c  and the nuc le i  condensed and became 

pynkno t ic .  These s t ru c tu re s  could be an i n s t a n t l y  recognisable 

fea tu re  of the lung on low-power microscopical  examination making 

them a useful  d ia g n o s t ic  fe a tu re .

Another s t r i k i n g  fea tu re  o f  RS v i r a l  i n f e c t i o n  is  the 

development of i n t e r s t i t a l  emphysema which can be recognised both 

g ross ly  and m ic ro s c o p ic a l l y  (Holzhauer and van Nieuwstadt,  1976; 

P i r i e  and o the rs ,  1981a). This f i n d in g  has u su a l ly  been reported 

in  animals which have died as a r e s u l t  o f  the r e s p i r a to r y  disease. 

When reported in animals which had been slaughtered fo r  post-mortem 

examinat ion i t  is  obv ious ly  not poss ib le  to say whether death would 

otherwise have occurred. In the present ser ies a l l  of  the animals 

which died due to  RS v i r a l  i n f e c t i o n  had severe i n t e r s t i t i a l  

emphysema at post-mortem examinat ion. In those o ther  cases where 

RS v i r a l  i n f e c t i o n  was an i n c id e n ta l  f i n d in g  at post-mortem, i . e .  

the animal was not s u f fe r i n g  from a r e s p i r a to r y  i l l n e s s ,  

i n t e r s t i t i a l  emphysema was not p resent.  This f e a tu re ,  th e re fo re ,  

is  associated w i th  severe disease due to RS v i r u s .  Whether i t  is  

the cause o f  the s e v e r i t y  o f  the disease in every f a t a l  case is  not 
c le a r .

I n t e r s t i t i a l  emphysema re s u l t s  from an increase in the 

res is tance  o f  the airways to  the f low o f  a i r .  As the smal le r  

airways such as the bronch io les  do not c o n t r ib u te  s i g n i f i c a n t l y  to  

the res is tance  to  the f low  o f  a i r  in the lung (West, 1977) then the 

increased airways res is tance  must r e s u l t  from changes in the la rg e r  

conduct ing a irways. The e f f e c t  o f  t h i s  is  t h a t  the animal has 

d i f f i c u l t y  in breath ing and becomes dyspnoeic. The res is tance  Is 

p a r t i c u l a r l y  marked on e x p i r a t i o n ,  leading to o v e r i n f l a t i o n  o f  the 

a l v e o l i  and, in  the extreme, to  t h e i r  rupture  w i th  leakage of gas 

in to  the i n t e r s t i t i u m  ( P i r i e ,  1982). This could then t ra ck  to the 

h i l u s  o f the lung via p e r ib r o n c h io la r  and p e r iva scu la r  t i ssues  and
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v ia  the lym pha t ics .  Severe i n t e r s t i t i a l  emphysema may f u r t h e r  

exacerbate r e s p i r a t o r y  d is t r e s s  and in  severe cases the r e s u l t  

could be r e s p i r a to r y  f a i l u r e  and death.

B r o n c h i t i s ,  in  which the lamina p rop r ia  was congested and 

oedematous and conta ined increased numbers of lymphocyt ic  c e l l s ,  

was a common f i n d in g  in  a l l  cases of RS v i r a l  i n f e c t i o n .  Although 

few in c lu s io n  bodies and very few syncy t ia  were seen in the 

b ronch ia l  ep the l ium, there  was e p i t h e l i a l  dysp las ia  and s l i g h t  

hyperp las ia  which probably  in d ic a te d  previous v i r a l  i n f e c t i o n .  

These changes could have been s u f f i c i e n t  to  reduce s i g n i f i c a n t l y  

the patency o f  the b ronch ia l  lumen. In a d d i t i o n  there  could have 

been spasm of the bronch ia l  musculature during l i f e  which would not 

have been ev iden t  post-mortem. Dyspnoea can also r e s u l t  from very 

ex tens ive  pneumonic c o n s o l id a t io n .  However, in  at le a s t  some of 

the  cases described the pneumonic c o n s o l id a t io n  was l im i t e d  in  

ex ten t  and was not thought s u f f i c i e n t  to  be the cause of the severe 

r e s p i r a to r y  signs per se . In some cases the re  was a d i f f u s e  

e p i t h e l i a l  les io n  a f f e c t i n g  the a lv e o l i  in a l l  lobes of the lung. 

This could lead to  r e s p i r a to r y  f a i l u r e .

Using the immunofluorescence technique RS v i r a l  ant igens 

were detected in b ro n c h ia l ,  b ro n c h io la r  and a lv e o la r  e p i t h e l i a .  

The presence o f  v i r a l  ant igens c o r re la te d  w i th  the presence o f  

acute in f lam m at ion .  Where the in f lammatory process was more 

advanced, w i th  plasmas c e l l s  and lymphocytes being present in  

s i g n i f i c a n t  numbers, the re  were fewer a n t i g e n - p o s i t i v e  c e l l s .  

Antigens were not detected in  areas o f  ch ron ic  in f lammation or in  

areas where the re  was a cons iderable  amount o f  t i s s u e  r e p a i r  or 

f i b r o s i s .  Thus RS v i r a l  i n f e c t i o n  was d i r e c t l y  assoc ia ted w i th  the 

e a r l y  stages of in f lammation and, t h e re fo re ,  could be considered a 

pr imary  pathogen. This view i s  supported by f i e l d  and experimental  

evidence (Holzhauer, 1978; Bryson and o the rs ,  1982).

Several authors have commented on the d i f fe re n c e s  in the 

d i s t r i b u t i o n  o f  RS v i r a l  ant igens w i t h in  the les ions  in the lungs 

o f  n a t u r a l l y  i n fe c te d  cases. In most cases both b ro n c h io la r  and
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a lv e o la r  e p i th e l iu m  were p o s i t i v e  but in  some ant igens were 

r e s t r i c t e d  to one s i t e  or the o ther  (Thomas and S t o t t ,  1981; van 

den Ingh and o th e rs ,  1982), The d i f fe re n c e s  were thought to 

represent stages in  the pathogenesis o f the v i r a l  i n f e c t i o n .  In 

the present se r ies  o f  cases s i m i l a r  d i f fe re n ce s  were noted and 

t h e i r  r e l a t i o n s h ip  to  the h is to p a th o lo g ic a l  changes present 

i nd ica te d  the pathogenesis o f the i n f e c t i o n .  In a few cases

ant igens were present in the b ro n c h io la r  e p i the l iu m  but not in the 

a lv e o la r  e p i th e l iu m .  In these cases there  were h is to pa tho l  og ica l  

changes in the a l v e o l i  compris ing congest ion, oedema and a l i g h t  

i n f i l t r a t e  of n e u t ro p h i ls  and macrophages. There was no s p e c i f i c  

evidence t h a t  the a lv e o la r  e p i th e l iu m  was in fe c te d  w i th  RS v i r u s .  

However, foe ta l  bovine c e l l s  in fe c te d  w ith  bovine s t r a in s  of RS 

v i r u s  in  v i t r o  do not express v i r u s - s p e c i f i e d  ant igens in t h e i r  

cytoplasm u n t i l  at  l e a s t  16 hours a f t e r  i n f e c t i o n  as judged by

immunofluorescence (Rossi and K ie se l ,  1977), I t  i s  th e re fo re

poss ib le  th a t  the a lv e o la r  e p i the l iu m  was in fe c te d  although at an 

e a r l i e r  stage than th a t  in  the b ronch io les .

In most cases v i r a l  ant igens were present in  both the 

b ro n c h io la r  and the a lv e o la r  e p i th e l iu m  and the re  were the 

app rop r ia te  h is t o p a th o lo g ic a l  fea tu res  to  con f i rm  t h i s  at both 

s i t e s .  In a few cases v i r a l  ant igens were present only in  the 

a lv e o la r  e p i th e l iu m .  In these cases there  was a lso evidence o f  

damage to  the b ro n c h io la r  e p i th e l iu m  w i th  necros is  or regenerat ion 

and d ysp la s ia .  In a d d i t i o n  there  was a d i f f u s e  accumulat ion o f

lymphocyt ic  c e l l s  in  the p e r ib r o n c h io la r  t i s s u e s .  This could 

i n d ic a te  th a t  there  had been damage to  the b ro n c h io la r  e p i the l iu m  

by RS v i r u s  p r i o r  to  the a lv e o la r  e p i the l iu m  becoming in fe c te d .  

There was no evidence th a t  the reverse could happen w i th  the 

a lv e o la r  e p i th e l iu m  being in fe c te d  before the b ro n ch io la r  

e p i th e l iu m .  V i ra l  ant igens were present in the bronch ia l

e p i th e l iu m  of on ly  th ree  animals al though there  was evidence of 

e p i t h e l i a l  damage at t h i s  s i t e  in a l l  cases. Of the three p o s i t i v e  

cases two had been s laughtered and did no t ,  th e re fo re ,  d ie  of

r e s p i r a to r y  d isease. In the human the bronch io les  are considered 

the pr imary ta r g e t  f o r  RS v i r a l  i n f e c t i o n  (Aherne and o th e rs ,  1970).
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In the bovine the b ro n c h io la r  e p i the l ium  i s  an impor tant s i t e  o f 

v i r a l  r e p l i c a t i o n  al though to  what ex tent t h i s  c o n t r ib u te s  to the 

pathogenesis of the severe disease is  not known as the bronchia l  

les ions  and, when p resen t ,  d i f f u s e  a lv e o la r  e p i t h e l i a l  les ions  in 

the caudal lobes are probably more important in  the development of 

dyspnoea.

The m ic ro b io lo g ic a l  and pa tho log ica l  f i n d in g s  in those 

animals which died of RS v i r a l  i n f e c t i o n  were s i m i l a r  to those 

reported by workers in  Europe in  a co n d i t io n  known as "P inkengr iep"  

(Holzhauer and van Nieuwstadt,  1976), A s i m i l a r  c l i n i c o -  

p a tho log ica l  syndrome has a lso been reported from Northern I re land  

(Bryson and o the rs ,  1979a) where i t  v/as associated w i th  combined RS 

v i r a l  and PI3 v i r a l  i n f e c t i o n .  In the present se r ies  there  was no 

evidence o f  PI3 v i r a l  i n f e c t i o n  in these cases as judged by 

immunofluorescence o r ,  where samples were a v a i l a b le ,  by v i r a l  

I s o l a t i o n  and sero logy .  In four  o f  12 animals where t issues  were 

a v a i la b le  f o r  f u l l  m ic ro b io lo g ic a l  i n v e s t ig a t i o n  Mycoplasma bovis 

was i s o la te d  from the lung. I f  there  was an a ssoc ia t ion  between RS 

v i ru s  and M.bovi s which was necessary f o r  the development o f  

"Pi nkengr iep" then one would have expected the mycoplasma to  be 

i s o la te d  more f r e q u e n t l y .  However, i t  must be remembered th a t  most 

o f  the calves had been t re a te d  at le a s t  once w i th  broad spectrum 

a n t i b i o t i c s  and t h i s  could have a f fe c te d  the i s o l a t i o n  o f  b a c te r ia  
and mycoplasmas.
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THE ISOLATION OF RS VIRUS FROM THE NASAL SECRETIONS OF A CALF

In t r o d u c t i  on

There are very few documented i s o la t i o n s  o f  RS v i ru s  from

c a t t l e  in  the U.K. Jacobs and Edington (1971) recovered a s t r a i n  

o f  the v i rus  a f t e r  i n v e s t ig a t i n g  an outbreak of acute r e s p i ra to ry  

disease in a group of young ca lves .  However, appropr ia te  outbreaks 

may be few and fa r  between and i s o l a t i o n  o f  v i rus  from f i e l d

mater ia l  of t h i s  type is  d i f f i c u l t  and has o f ten  been unsuccessful

(Wellemans, 1977). An a l t e r n a t i v e  approach is  to monitor  r o u t i n e l y

calves which are kept under managemental cond i t ions  in  which v i r a l  

i n f e c t io n s  are l i k e l y  to  be f requen t .  S to t t  and others (1978) 

monitored a farm which had a high throughput o f young, p o t e n t i a l l y  

suscept ib le  animals from w ide ly  d i f f e r i n g  sources. V i ra l  

i n f e c t i o n s  were common and the survey y ie lded  i s o la te s  of most o f 

the common re s p i ra to ry  v i ruses .  For t h i s  thes is  i t  was thought 

necessary to  t r y  both p o te n t ia l  sources of v i rus  i . e .  i n v e s t ig a t i o n  

o f  outbreaks of r e s p i r a to r y  disease and rou t ine  mon itor ing  of

groups of ca lves ,  in  order  to  increase the chances of recover ing a

s t r a in  of RS v i ru s  f o r  use in labo ra to ry  in v e s t ig a t io n s  and in 

experimental  i n f e c t i o n s .

Routine Mon itor ing  o f  Calves on Farm M

Between February and June o f  1981 calves on farm M in  the

West of Scotland were monitored fo r  evidence o f  v i r a l  i n f e c t io n s

and f o r  c l i n i c a l  signs o f  r e s p i r a to r y  disease. This p a r t i c u l a r

farm was chosen because i t  had had a h is t o r y  o f  r e s p i ra to ry

problems. There were f requent in takes of young calves bought from 

many d i f f e r e n t  sources. Although in  i n d i r e c t  contact w i th  o the rs ,  

the calves were grouped in to  manageable numbers fo r  ro u t in e

c l i n i c a l  and m ic ro b io lo g ic a l  i n v e s t ig a t i o n s .

H is to ry  and Management on Farm M~

. Calves born in the South West of England and South Wales
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were purchased through a dea le r ,  in  batches o f  30 to  40, when 

approx imate ly  one month o ld .  On a r r i v a l  at the farm the calves 

were s p l i t  in to  groups o f  10 and were housed in pens in  the same 

b u i l d in g .  The groups were not in  d i r e c t  contact w ith  each o ther  

but there  was i n d i r e c t  contact v ia  the stockmen. They were reared 

on m i lk  s u b s t i t u t e  from a machine u n t i l  weaned at approx imate ly  

e ig h t  weeks of age. In previous batches of calves there  had been 

occasional coughing and in d i v id u a l  animals had become i l l  but there  

were no severe outbreaks of r e s p i r a to r y  disease.

Two groups of calves were selected f o r  m on i to r ing .  Group 1 

(calves Ml to  MIO) entered the farm in February 1981 and were 

sampled fou r  t imes over the next th ree months u n t i l  they went out 

to  grass at the end o f  A p r i l .  Group 2 (calves M i l  to  M20) a r r i v e d  

on the farm in A p r i l  and were sampled th ree times over the next two 

months u n t i l  they went out to  grass at the end o f  June.

Sampling o f  Calves

V i s i t s  were made to  the farm at approx imate ly  f o r t n i g h t l y

or monthly i n t e r v a l s .  At each v i s i t  a c l i n i c a l  examinat ion of the 

calves was made and samples were taken. Nasopharyngeal swabs fo r  

v i r a l  i s o l a t i o n  and blood samples fo r  serum were co l le c te d  and 

t r a n s fe r re d  to  the la b o ra to ry .  Swabs were e i t h e r  processed 

immediate ly or stored at -70°C. Serum samples were stored at -20°C

u n t i l  the end o f  the mon i tor ing  period and were then t i t r a t e d  fo r

an t ibod ies  to  RS, PI3, BVD and ÏBR v i ru se s .

C l i n i c a l  Findings on Farm M

During the four  months period of observat ion there  was

sporadic coughing in  both groups of calves but the re  were no 

outbreaks of ser ious r e s p i r a to r y  disease.
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M ic ro b io lo g ic a l  Findings on Farm M

Over the mon i tor ing  period one i s o la te  of RS v i ru s  was made 

from a nasopharyngeal swab taken from c a l f  M20 on 20,4 ,81. On 
a r r i v a l  at the la b o ra to r y ,  some two hours a f t e r  having been taken, 

the swab was immediately s tored a t  -70°C. Six weeks l a t e r  i t  was 

thawed ra p id ly  at 37°C and an inoculum prepared. Foetal bovine 

lung and FBK c e l l s  were Inocu la ted  as described in  Sect ion Two.

The c e l l s  were checked d a i l y  fo r  evidence of cpe but none 

had developed a f t e r  seven days incubat ion  in e i t h e r  c e l l  type. 

The FBI c e l l s  were sub-passaged and th ree days l a t e r  a s ing le  focus 

o f  rounded c e l l s  appeared in one of the four  w e l l s .  The medium in 

t h i s  wel l  was changed and the focus s lowly  en larged. Two days 

l a t e r  small syncy t ia  each con ta in ing  th ree to f i v e  nuc le i  were 

v i s i b l e  at the pe r iphe ry  o f  the cy topa th ic  focus. Over the next 

two days the area of cpe and the syncyt ia  enlarged and foc i  o f  

rounded, r e f r a c t i l e  c e l l s  appeared in other  par ts  o f  the c e l l  

sheet .  When the cpe had spread to  Invo lve three quar ters o f  the 

c e l l  sheet an a l i q u o t  o f  medium was removed and t r a n s fe r re d  to  

f r e s h l y  monolayered FBI c e l l s .  A f t e r  fou r  days a s im i l a r  cpe began 

to  develop in these c e l l s .  At no t ime did cpe appear in the FBK 

c e l l s  and a f t e r  th ree  weeks they were negat ive  fo r  RS v i r a l  

ant igens by immunofluorescence. V i r u s - in fe c te d  c e l l s  did not 
haemadsorb guinea pig e ry th rocy tes  and the v i ru s  was not 

n e u t ra l i s e d  by a n t ise ra  t o  PI3 v i r u s ,  IBR v i r u s ,  BVD v i rus  or 

bovine syn cy t ia l  (BS) v i r u s .  I t  was, however, n e u t ra l i se d  by 

s p e c i f i c  a n t i  serum to  bovine RS v i r u s .  Using the

immunofluorescence technique in fe c te d  c e l l s  showed g ranu la r  and 

d i f f u s e  in t ra c y to p la s m ic  f luorescence w ith  ant iserum to  bovine RS 

v i ru s  (F ig .  15) but not w i th  a n t ise ra  to PI3 v i r u s ,  BVD v i ru s  or BS 

v i r u s .  The v i ru s  grew wel l  in  FBI and FBK c e l l s  but not in  HEp2 

c e l l s .  Small syncy t ia  and foc i  o f  c e l l  necros is  were produced on 
BS-G-1 c e l l s .
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Sero log ica l  Findings on Farm M

The re s u l t s  o f  the se ro lo g ica l  i n v e s t ig a t i o n s  f o r  RS v i r u s  

are presented in  Table 14. Those f o r  PI3 v i rus  are presented in 

Table 15. The re s u l t s  f o r  BVD v i ru s  are given in Table 16 and fo r  

IBR v i rus  in  Table 17.
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TABLE 14: N e u t ra l i s a t io n  t i t r e  to  r e s p i r a to r y  syn cy t ia l

v i ru s  in sera from the calves on farm M.

Date o f  Sampling

Cal f
number 4 .2 .81 9.3.81 23.3.81 20.4.81 19.5.81 17.6.81

Group 1

Ml 912 340 220 100

M2 360 165 87 60

M3 85 25 57 300

M4 470 220 100 170

M5 160 72 75 30

M6 160 37 50 37

M7 100 90 90 95

MB 21 75 NS NS

M9 1380 620 575 235

MIO 700 270 190 85

Group 2

M i l 270 180 160
M12 795 400 420
M13 140 90 75
M14 340 340 210

Ml 5 40 87 87
M16 270 115 290
M17 160 85 28
M18 220 180 110

M19 165 150 83

M20 13* 290 300

* = RS vi  rus i s o la te d  from nasopharyngeal swab

NS = No sample
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TABLE 15: H a e m a g g lu t in a t io n - in h ib i t io n  t i t r e  to

pa ra in f luenza  type 3 v i ru s  in sera from the calves on 

farm M.

Cal f

number

Date o f  Sampling

4.2 .81 9 .3 .81 23.3.81 20.4.81 19.5.81 17.6.81

Group 1

Ml 320 320 160 160

M2 10 40 10 10

M3 40 20 40 320

M4 160 160 160 640

M5 320 320 80 10

M5 80 80 40 40

M7 20 20 10 40

M8 10 10 NS NS

M9 640 320 320 320
MIG 160 NS 160 160

Group 2

M i l 1280 320 320
M12 1280 320 320
M13 320 640 160
M14 40 80 160
M15 10 80 2560
M16 1280 320 640
M17 10 80 40
M18 80 320 640
M19 320 20 1280
M20 640 160 640

NS = No sample
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TABLE 

vi  rus

16: N e u t r a l i s a t io n  t i t r e  

in  sera from the calves on

to bovine 

farm M.

v i ru s  d ia r rhoea

C a l f

number 4.2 .81 9,.3.81

Date of 

, 23.3;81

sampli ng 

20.4,81 19.5.81 17.6.81

Group 1 -

Ml 3043 640 452 376

M2 904 133 80 538

M3 <  10 < 1 0 2152 8605

M4 160 266 112 4303

M5 320 266 266 94

M6 < 1 0 < 1 0 224 3043

M7 224 28 14 1280

M8 <  10 < 1 0 NS NS .

M9 3618 266 320 188

MIO 1809 266 80 188

Group 2

M i l 80 14 < 1 0

M12 <10 < 1 0 < 1 0

M13 < 1 0 < 1 0 < 1 0

M14 < 10 < 10 < 1 0

M15 < 1 0 < 1 0 <10

M16 133 188 14
M17 122 14 47

M18 67 < 10 < 1 0

M19 160 67 < 10

M20 < 1 0  . < 1 0 < 1 0

NS = No sample
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TABLE 17 : Neutral i s a t i o n  t i t r e to i n f e c t i  ous bovine

rh i  n o t r a c h e i t i s vi  rus in  sera from calves on farm M,

Date of Sampl ing
Cal f
number 4.2.81 9.3. 81 23.3.81 20.4.81 19.5.81 17.6.81

Group 1

Ml - - ITT -

M2 - - - -

M3 - - - -

M4 - - - -

M5 12 3 ITT 2

M6 " - - -

M7 4 - - -

M8 - - NS NS

M9 3 - - 1

MIO ITT 4 - 3

Group 2

M i l - - -

M12 - - -

M13 - - -

M14 - -

M15 - - -

M16 8 3

Ml 7 2 - -

M18 - - -

M19 - - -

M20 - - -

NS = No sample

ITT = I n s u f f i c i e n t  serum to  t e s t  

= No de tec tab le  ant ibody

137



Discussion

In the Group 1 calves there  was evidence of i n f e c t i o n  w i th  

RS v i r u s ,  P I3 v i ru s  and BVD v i ru s  during the m on i to r ing  pe r iod .  

A l l  calves had serum ant ibody  to  RS v i ru s  in the f i r s t  sample taken 

when they were approx imate ly  one month o ld .  In most o f the calves 

the leve l  dec l ined over the next 76 days, at a ra te  s i m i l a r  to  t h a t  

o f  the na tura l  h a l f - l i f e  o f  bovine IgG in serum (T iza rd ,  1982). 

In two ca lves ,  however, the p a t te rn  of change in ant ibody t i t r e  was 

d i f f e r e n t .  In c a l f  M7 the t i t r e  d id not dec l ine  over the three 

months pe r iod .  This could suggest a p e r s is t e n t  a n t ig e n ic

s t im u lu s .  However, the re  i s  no c le a r  evidence t h a t  the c a l f  was 

in fe c te d  w i th  RS v i r u s .  In c a l f  M3 the ant ibody t i t r e  dropped f o r  

the f i r s t  two months then began to  r i s e .  There was a s i g n i f i c a n t  

r i s e  between 23.3.81 and 20.4.81 i n d i c a t i n g  RS v i r a l  i n f e c t i o n .  

Presumably i n f e c t i o n  occurred between 9.3 .81 and 23.3.81 as the 

ant ibody leve l  had begun to  r i s e  by the l a t t e r  date.  I n fe c t io n  was 

not accompanied by severe c l i n i c a l  signs o f  r e s p i r a to r y  disease. 

However, a mi ld  or inapparent i n f e c t i o n  could have been missed as 

c l i n i c a l  examinat ions were r e l a t i v e l y  in f re q u e n t .

Para in f luenza type 3 v i r a l  i n f e c t i o n  was a lso  present in  

Group 1. Cal f  M2 seroconverted between 4 .2 .81 and 9 .3 .81 .  No 

séroconvers ions were noted between the next two samples, which were 

in  f a c t  only  two weeks ap ar t ,  but two more calves (M3 and M4)

seroconverted between 23.3.81 and 20,4 .81, Of i n t e r e s t  is  t h a t  

c a l f  M4 showed evidence of i n f e c t i o n  with  both RS v i ru s  and P I3 

v i ru s  at approx imate ly  the same t ime.  Despite t h i s  i t  d id  not 

s u f f e r  severe c l i n i c a l  d isease. S u r p r i s in g l y ,  desp i te  the calves 

being in  d i r e c t  con tac t  w i th  each o the r ,  PI3 v i ru s  appeared to

spread s low ly  throughout the group as judged by se ro lo g ica l  

evidence. Only th ree  calves showed unequivocal evidence of

i n f e c t i o n  over a th ree  months pe r iod .  However, i n f e c t i o n  may be 

present in  a group o f  calves w i tho u t  many showing seroconvers ion 

(A l la n  and o th e rs ,  1978). A lso, Thomas (1973) suggested th a t
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maternal ant ibody could mask seroconvers ion. In t h i s  ins tance 

seroconversion on ly  occurred from low i n i t i a l  le v e ls  of ant ibody 

( less than 40).  Calves w i th  h igher  i n i t i a l  le ve ls  d id not 

seroconvert  al though in some the leve l  v/as maintained over fou r  
successive samplings (ca lves Ml, M4, M9 and MIO) and did not 

d ec l ine  at the expected ra te .  This could in d ic a te  th a t  the calves 

were being chal lenged w i th  P I3 v i r u s .

I n fe c t io n  w i th  BVD v i ru s  f i r s t  appeared between 9.3 .81 and

23.3.81 w ith  two calves becoming in fe c te d  (M3 and M6 ) .  In the 

succeeding month a f u r t h e r  three calves seroconverted. No severe 

c l i n i c a l  signs were associa ted w i th  t h i s  i n f e c t i o n ,  e i t h e r  

r e s p i r a to r y  or e n te r i c .

There was evidence o f  i n f e c t i o n  w ith  more than one v i rus  

in some calves dur ing the per iod o f  observat ion e .g .  calves M2 and 

M7 (PI3 and BVD) and c a l f  M3 (RS, PI3 and BVD). Despite m u l t ip le  

i n f e c t i o n  severe c l i n i c a l  s igns were not noted al though sporadic 

coughing was ever present in  the group. U n fo r tu n a te ly ,  no calves 

became a v a i la b le  f o r  post-mortem examination so the extent and 

s e v e r i t y  o f the i n f e c t i o n s  could not be assessed.

In Group 2 there  was in f e c t i o n  w ith  RS v i ru s  and PI3 v i r u s .  

In t h i s  case RS v i rus  was i s o la te d  from the nasopharyngeal 

sec re t ions  o f  c a l f  M20 on 20.4.81 and t h i s  c a l f  subsequently 

seroconverted to  the v i r u s .  As judged by séroconvers ions the 

v i ru s  did not spread to the res t  o f  the group. However, in one 

c a l f  (M16) the ant ibody leve l  rose tw o - fo ld  between 19.5.81 and

17.6.81 and in o ther  calves ( M i l ,  M12, M15) d id not dec l ine  at the 

expected ra te .  This could be s i g n i f i c a n t  in  view o f  the fa c t  t h a t  

RS v i ru s  was being excreted by M20 and th a t  a l l  calves in the group 

were in d i r e c t  and cont inuous contact w i th  each o th e r .

Para in f luenza type 3 v i ru s  was also a c t iv e  in  the group w i th  

some calves showing marked seroconvers ion (M15 and M19) but no 

marked c l i n i c a l  s igns o f  r e s p i r a to r y  disease.
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With so many v i r a l  I n f e c t io n s  being present in  both groups 

one would have expected to  i s o l a t e  v i ru s  more f r e q u e n t l y ,

e s p e c ia l l y  in  the case of PI3 v i r u s .  However, in experimental

i n f e c t i o n s  the per iod  o f  v i r a l  shedding in nasal sec re t ions  is

r e l a t i v e l y  sh o r t ,  of  the order  of e ig h t  to twelve days, and could 

have been missed by f o r t n i g h t l y  or monthly sampling. In a d d i t i o n  

the BVD i n f e c t i o n s  could have been p r im a r i l y  e n te r ic  ra th e r  than 

resp i r a to r y .

One i s o la t e  o f  RS v i ru s  was recovered. I t  grew r e a d i l y  in  

FBI c e l l s  w i th  cy to p a th ic  changes f i r s t  appearing 11 days a f t e r  

i n o c u la t in g  the c e l l s ,  w i th  one sub-passage. This co n t ra s ts  w ith

the lengthy per iod taken to  recover some o ther  i s o la te s  (Paccaud 

and Jacqu ie r ,  1970; Wellemans and Leunen, 1975), The v i ru s  was 

i d e n t i f i e d  as a bovine s t r a i n  by i t s  f a i l u r e  to  grow in c e l l s  o f 

human o r i g i n .  The swab from which the i s o la te  was recovered had 

been stored at -70°C fo r  s ix  weeks then thawed r a p id l y  at 37°C 

immediate ly p r i o r  to  the inoculum being prepared. Despite t h i s  the 

v i ru s  i t  contained was s t i l l  i n f e c t i v e .  Mohanty and others (1975) 

s tressed the importance o f  prompt handl ing o f  samples w i thou t  

f re e z in g  and thawing. Jacobs and Edington (1975) emphasised the 

use o f  f u l l y  su sce p t ib le  c e l l s  under approp r ia te  co n d i t io n s  o f  

i n o c u la t i o n .  Whether more i s o la te s  would have been recovered i f  

swabs had been processed immediate ly a f t e r  being taken, or i f  

several  c e l l  types had been used f o r  i s o l a t i o n ,  i s  not c le a r .  

Rosenquist (1974) po in ted out t h a t  desp i te  the m u l t i p l i c i t y  o f  

c u l t u re  p ro toco ls  used f o r  the i s o l a t i o n  o f  bovine RS v i ru s  there  

is  no c le a r  evidence as to  which is  best.  The most c ru c ia l  f a c to r  

i s  th a t  there  must be v i ru s  in the sample.
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RESPIRATORY DISEASE INVOLVING RS VIRUS

FIGURES

1 4 1





FIG. 1: Resp ira to ry  syn cy t ia l  v i r a l  i n f e c t i o n  - the r i g h t  lung

from c a l f  Cl.  There i s  co n so l id a t io n  in  the c ran ia l  and the 

middle lobes and in the c ran ia l  pa r t  o f  the caudal lobe.  Note 

the severe i n t e r s t i t i a l  emphysema (blue arrow) and the 

i n t r a l o b u la r  haemorrhages (red arrow).
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FIG, 2: Bronch io la r  ep i the l ium  in fe c te d  w i th  RS v i ru s  in  case

RCIO. Syncytia are present in the ep i the l ium  (blue arrow) and 

the remnants of pynknot ic  nuc le i  from n e c ro t ic  syncy t ia  are 

present in the lumen (red arrow). The a l v e o l i  are congested and 

oedematous but there  is  no s p e c i f i c  evidence of v i r a l  i n f e c t i o n  

in  the e p i the l iu m .

H & E x  100

FIG. 3: B ronch io la r  e p i the l iu m  in fe c te d  w ith  RS v i rus  in  case

RC8 . Syncyt ia are present in the e p i the l ium  (red arrow) some of 

which are undergoing necros is  (blue ar row) .  A detached n e c ro t ic  

syncyt ium is  present in  the lumen. The ep i the l ium  is  f l a t t e n e d  

in the lower pa r t  o f  the b ronch io le .

H & E X 250
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FIG. 4: Bronch io la r  e p i th e l iu m  in fe c te d  w i th  RS v i ru s  in case

RCIO. The ep i the l ium  i s  d y s p la s t i c  and there  is  foca l necros is  

and syncytium formation (blue arrows). Necrot ic  syncy t ia  are 

present amongst the c e l l u l a r  debr is  in the lumen (red arrow).

H &  E x  400

FIG. 5: B ronch io la r  e p i the l ium  in fe c te d  w i th  RS v i ru s  in  case

RC16. V i ra l  ant igens are present in the cytoplasm o f  the 

m a jo r i t y  o f  the e p i t h e l i a l  c e l l s .

BNF - f i x e d  convent ional se c t io n ,  FITC x 250
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FIG. 6 : A lveo la r  e p i the l ium  in fe c te d  w i th  RS v i ru s  in c a l f  Cl.

E o s in o p h i l i c  in t ra c y to p la s m ic  i n c lu s io n  bodies (blue arrow) are 

present in an e p i t h e l i a l  syncyt ium.

H & E x  400

FIG. 7: A lve o la r  e p i th e l iu m  in fe c te d  w i th  RS v i ru s  in c a l f  Cl.

Syncyt ia are seen p ro je c t in g  from the e p i the l iu m  i n t o  the lumen. 

Note th a t  the nuc le i  over lap and are c e n t r a l l y  placed w i t h in  the 

cytoplasm. They are l a rg e ,  oval and pale s ta in in g  w i th  

hyperchromatic nuc lear  membranes and prominent n u c le o l i .

H & E X 400
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FIG. 8 : A lveo la r  e p i the l iu m  in fe c te d  w i th  RS v i ru s  in case RC14.

Syncyt ia are seen p ro je c t i n g  from the e p i the l iu m  o f  several 

a l v e o l i .  Note the v a r ia t i o n  in s ize  o f  the granules o f  v i r a l  

an t igen .

BNF -  f i x e d  convent ional s e c t io n ,  FITC x 250

FIG. 9: An i n d i v id u a l  RS v i r a l  syncytium in  an a lve o lu s ,

p ro je c t i n g  from the e p i the l iu m  in to  the lumen. Large granules 

o f  v i r a l  ant igen are present in  the cytoplasm (red arrow)

BNF - f i x e d  convent ional  s e c t io n ,  FITC x 400
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FIG. 10: A lveo la r  e p i the l iu m  in fe c te d  w i th  RS v i ru s  in  c a l f  Cl.

An in t ra cy to p la sm ic  in c lu s io n  body can be seen in  an e p i t h e l i a l  

syncytium (blue arrow).  The e p i the l iu m  o f  the adjacent 

b ronch io le  i s  d y s p la s t i c  w i th  areas o f  complete necros is  but 

there  is  no s p e c i f i c  evidence of RS v i r a l  i n f e c t i o n .

H & E x  250

FIG. 11: A sect ion from the dorsal pa r t  o f  the l e f t  caudal lung

lobe of case RC9. In the a lv e o l i  there  is  severe congest ion and 

oedema, hya l ine  membrane formation (blue arrow) and e a r ly  

p r o l i f e r a t i o n  of the e p i the l iu m .  In the bronch io le  the 

e p i the l ium  is  r e l a t i v e l y  normal but there  is  severe oedema of the 

lamina p ropr ia  (red arrow). RS v i r a l  ant igens were not present 

in  t h i s  area o f  the lung but were present in the c ra n ia l  lobes.

H & E X 250
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PIG. 1 2 :  The lungs of c a l f  A27. There is  co n s o l id a t io n  in  the

c ra n ia l  areas o f  a l l  lung lobes.  I n t e r s t i t i a l  emphysema is  

present in  the caudal lobes and in  the dorsal pa r t  of  the r i g h t  

c ra n ia l  lobe (red arrows) . Sect ions from these lungs d id not 

conta in  RS v i r a l  ant igens a l though there  was widespread 

e p i t h e l i a l  damage. Five o f  nine calves in  d i r e c t  contact w i th  

t h i s  animal seroconverted to RS v i ru s  th e re fo re  c i r c u m s ta n t ia l  

evidences inc r im ina tes  t h i s  v i ru s  as the cause o f  the les ions  

seen here.

FIG. 13: The h is to p a th o lo g ic a l  appearance o f  the les ions  in  the

lungs of c a l f  C6. There i s  dysp las ia  o f  the b ro n c h io la r  

e p i th e l iu m .  Small numbers o f  lymphocyt ic  c e l l s  are present in  

the p e r ib ro n c h io la r  t i s s u e s .  There i s  widespread a lv e o la r  

e p i t h e l i a l  hyperp las ia  (red a r row) .  This sec t ion  was negat ive 

f o r  RS v i r a l  ant igens by immunofluorescent s ta in in g  al though t h i s  

v i ru s  was the cause of the r e s p i r a to r y  disease outbreak from 

which t h i s  animal came.

H & E X . 100
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FIG. 14: The h is to p a th o lo g ic a l  appearance o f  the lungs o f  c a l f

C33 s ix  weeks a f t e r  being invo lved in an outbreak o f  r e s p i r a to r y  

disease caused by RS v i r u s .  Note the massive p e r ib ro n c h io la r  

accumulat ions o f  lymphocyt ic  c e l l s  and germinal centre  fo rmation 

(red arrow)

H & E X 100
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FIG. 15: Immunofluorescence s ta in in g  o f  the i n t r a c e l l u l a r

ant igens produced by the i s o la t e  o f  bovine RS v i r u s  from c a l f  

M20. Single in fe c te d  c e l l s  (red arrow) and syncy t ia  (blue arrow) 

are present.
FITC X 200
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RESPIRATORY DISEASE INVOLVING PI3 VIRUS: OUTBREAK E

In t r o d u c t i  on

This outbreak occurred on a beef rea r ing  u n i t  which bought 

in  weaned s ing le -su ck le d  calves from a loca l  market.  The 

calves were housed on a s la t te d  f l o o r  in a b u i ld in g  w i th  poor

v e n t i 1 a t i o n .

H is to ry  o f  Resp i ra to ry  Disease Outbreak

The group of calves in  which the problem arose were bought 

th re e  weeks p re v io u s ly  at a loca l  market.  A l l  came from the same 

farm. Other groups o f  animals were bought at the same t ime but d id  

not become invo lved in the r e s p i r a to r y  disease In c id e n t ,

The a f fe c ted  group was 10 calves approx imate ly  seven to  nine 

months o f  age. On 4 .11.80 the animals were t re a te d  w i th  an 

a n th e lm in t i c  and at t h i s  t ime one was not iced to  be i l l .  I t  was

d u l l ,  tachypnoeic , coughing and had a mucopurulent nasal 

d ischarge .  By 8 .11,80 several more animals were i l l  w i th  s i m i l a r  

c l i n i c a l  s igns and a l l  were t re a te d  f o r  th ree days w i th  

o x y t e t r a c y c l i ne admin is te red I n t r a - m u s c u la r l y , One animal died 

(E l )  and i t s  carcase was obtained f o r  post-mortem examinat ion. 

Blood samples and nasopharyngeal swabs were taken from the re s t  of 

the animals in  the group (E2 to  ElO) on 11,11.80.

The farm was v i s i t e d  again one month l a t e r  on 4.12.80 in  

o rder  to  take f u r t h e r  blood samples. A l l  o f  the animals were

p u t t i n g  on weight and none were i l l  or coughing.

Pa tho log ica l  Findings

Cal f  El

Gross: There was oedema and congest ion of the trachea l  mucosa,

e s p e c ia l l y  d o r s a l l y ,  and f le c k s  of pu ru len t  exudate were present on
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i t s  su r face .  At the b i f u r c a t i o n  of the trachea was a white f r o th y

cast o f  pus which v/as b lock ing  the a irways. There was no

f i b r i n o u s  p le u r i s y .  There was severe pneumonic co n so l id a t io n  o f  

both c ra n ia l  lung lobes ,  the r i g h t  middle lobe and the

c ra n ia l  par ts  o f the caudal lobes. The s o l id  areas were congested,

dark red and on press ing y e l lo w is h  pasty exudate was expressed from 

the b ronch i .  Some lobu les  were pa le r  in  co lour  and more f i rm  than 

the r e s t .  There were a few small foc i  of  sub-p leura l  emphysema.

Mic roscop ic :  There was a severe acute exudat ive  pneumonia w i th  the

c la s s ic a l  changes of severe congest ion, oedema, some f i b r i n ,  

n e u t ro p h i ls  and macrophages in  the a l v e o l i .  There was necros is  o f 

the clumps of exudate c e l l s ,  some o f  which looked l i k e  "oa t"  c e l l s ,  

p a r t i c u l a r l y  in  the b ronch io les  or  a l v e o la r  ducts . There was 

necros is  of the b ro n c h io la r  e p i th e l iu m .  P e r ib ro n ch io la r  t i ssues  

were oedematous w ith  a few n e u t ro p h i ls  in the lamina p ro p r ia .  

There was focal necros is  of the a lv e o la r  e p i th e l iu m .  No in c lu s io n  

bodies or e p i t h e l i a l  syncy t ia  were noted.

Immunofluorescence: The t i s su e s  from t h i s  animal were negat ive  fo r

PI3 and RS v i r a l  ant igens using the i n d i r e c t  immunofluorescence 

t e s t .

M ic ro b io lo g ic a l  Findings

The re s u l t s  o f m ic ro b io lo g ic a l  examinat ion o f  t i ssues  from 

c a l f  El are presented in  Table 18. In a d d i t io n  to  these f in d in g s  

PI3 v i ru s  was is o la te d  from at le a s t  one nasopharyngeal swab taken 

on 11.11.80. U n fo r tuna te ly  the swabs were pooled fo r  v i r a l  

i s o l a t i o n  so the an ima l (s )  e xc re t in g  the v i ru s  could not be 

i d e n t i f i e d .  Pas teu re l la  haemolyt ica type A1 was is o la te d  from four  

nasopharyngeal swabs (E2, E6, E7 and E8) and Mycoplasma bovis from 

two (E2 and E8).

Sero log ica l  Findings

The re s u l t s  o f  examinat ion of paired sera from calves E2 to
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ElO f o r  an t ibod ies  to RS v i ru s  and PI3 v i ru s  are presented in Table

19. E ight animals seroconverted to  PI3 v i ru s  but none to  RS 

v i r u s .  In a d d i t io n  the re  was se ro lo g ica l  evidence of i n f e c t i o n  

w i th  adenovirus type B in one animal (E9) and w ith  reov i rus  type 2 

in  two animals (E7 and E9), There were no séroconversions to 

e i t h e r  P.haemolyt ica t ype A1 o r  Mycoplasma bov is .
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TABLE 18: The pathogenic v i ruse s ,  b a c te r ia  and mycoplasmas

detected in  the r e s p i r a to r y  t r a c t  t i ssues  from c a l f  El

Tissue Viruses Bacte r ia Mycoplasmas

NM PI3 v i ru s P.haemolyt i  ca A1 Negati ve

TM PI3 v i r u s P.haemolyt ica A1 Negati ve

RCR Negati ve P.haemolyt ica A1 M.bovi s

RM Negati ve P.haemolyt ica A1 Negati ve

RCD PI3 v i ru s P.haemolyt ica A1 Negati ve

NM = Nasal Mucosa

TM = Tracheal Mucosa

RCR = Right ^ ra n ia l  lung 1 obe

RM = Right Middle lung lobe

RCD - Right Caudal lung 1 obe
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TABLE 19: N e u t ra l i s a t io n  t i t r e  to  r e s p i r a to r y  syn cy t ia l

(RS) v i r u s  and haemagglu t inat ion - i n h i b i t i o n  t i t r e  to  

p a ra in f luenza  type 3 (PI3) v i r u s  in pa ired sera from the 

calves in outbreak E.

Cal f
number 11.11.80

RS vi  rus 

4.12.80 CF 11.11.80

PI3 vi rus 

4.12.80 CF

E2 1580 230 0.14 10 80 8.00
E3 760 180 0.23 20 80 4.00
E4 330 140 0.43 <  10 80 >  8.00
E5 160 110 0.68 <  10 80 >  8.00
E6 690 1440 2.08 <  10 80 >  8.00
E7 440 300 0.68 80 320 4.00
E8 660 600 0.91 <  10 640 > 6 4 . 0 0
E9 5500 1260 0.23 <  10 80 > 8 . 0 0
ElO 540 890 1.65 80 40 0.50

CF “  Conversion Factor
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Discussion

The re s u l t s  o f  the c l i n i c a l ,  pa tho log ica l  and 

m ic ro b io lo g ic a l  i n v e s t i g a t i o n s  which were c a r r ie d  out on the 

animals invo lved in  t h i s  outbreak o f  acute r e s p i r a to r y  disease 

prov ide  strong evidence t h a t  the a e t i o l o g i c a l  agents were PI3 v i ru s  

and Pas teu re l la  haemolyt ica type A l ,  Eight o f  the nine animals 
seroconverted to  PI3 v i r u s  and the v i ru s  was recovered from at 

l e a s t  one nasopharyngeal swab taken during the acute phase of the 

i n c i d e n t .  Para in f luenza type  3 v i r u s  was recovered from both the 

upper and the lower r e s p i r a to r y  t r a c t  o f  the dead animal and 

P.haemolyt i  ca type A l  was i s o la te d  a lso .  Mycoplasma bovis was a lso 

assoc ia ted w i th  t h i s  outb reak, being Iso la te d  from two 

nasopharyngeal swabs and from one lobe o f  the lungs of the dead 

animal.  The bulk o f the evidence, however, po in ts  to  PI3 v i r u s  and 
P.haemolyt i  ca as the major pathogens in  t h i s  i n c i d e n t .

There was s e ro lo g ic a l  evidence o f  i n f e c t i o n  w i th  adenovirus 

type B in  one animal and w i th  reov i rus  type 2 in  two an imals . 

Ne i ther  o f  these v i ruses  were i s o la te d  from the m a te r ia l  examined 

and there  was no h is t o p a th o lo g ic a l  evidence o f  the i n t r a - n u c le a r  

i n c lu s io n  bodies assoc ia ted w i th  adenovi ra l  i n f e c t i o n .

This outbreak occurred th ree  weeks a f t e r  the calves had been 

moved, through a market ,  onto the farm. A l l  were weaned, 

s in g le -s u c k le d  calves and had o r ig in a te d  from the same farm. Other 

animals were purchased at the same time but none o f  these became 

invo lved  in  the r e s p i r a to r y  disease i n c id e n t .  The source o f  v i r u s  

in  t h i s  i n c id e n t  could not be determined a l though i t  i s  

p o ss ib le  th a t  the calves had contrac ted  i t  dur ing passage through 

the  market.  An animal becoming in fe c te d  w ith  PI3 v i r u s  then would

have been e xc re t ing  v i r u s  two or th ree  days l a t e r .  The f i r s t

animal to  become i l l  d id  so approx imate ly  10 days l a t e r  and

v i r o l o g i c a l  i n v e s t ig a t i o n s  were not c a r r ie d  out f o r  another  week.

Bearing t h i s  in  mind, and cons ider ing  the expected shedding per iod 
o f  PI3 v i ru s  in  nasal sec re t ions  as determined by experimental  

i n f e c t i o n ,  i t  i s  perhaps s u r p r i s in g  th a t  there  was any s p e c i f i c
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evidence o f  v i r a l  i n f e c t i o n  present a t the t ime when the 

in v e s t ig a t i o n s  were made. Another p o te n t ia l  source o f  v i r a l  

i n f e c t i o n  could have been o ther  animals on the farm. The a f fec ted  

group had no d i r e c t  con tac t  w i th  o ther  animals al though there  was 

i n d i r e c t  contact v ia  stockmen and o ther  personnel.  Another 

poss ib le  source o f  i n f e c t i o n  which has not ye t  been in v e s t ig a te d  

f u l l y  i s  spread by in fe c te d  humans. There i s  some, but as ye t  

in c o n c lu s iv e ,  evidence th a t  bovine s t r a in s  o f  PI3 v i r u s  can i n f e c t  

man (Ben- ishai  and o the rs ,  1980). Whether human s t r a in s  o f  PI3 can 

i n f e c t  the bovine under na tu ra l  co n d i t io n s  is  not y e t  known.

Despite PI3 v i ru s  being i s o la te d  from the lungs o f  the 

animal which died PI3 v i r a l  ant igens were not detected by 

immunofluorescence. Van der Maaten (1969) found i s o l a t i o n  to be 

more s e n s i t i v e  than immunofluorescence fo r  the d e te c t io n  of v i ru s  

fo l lo w in g  experimenta l  PI3 v i r a l  i n f e c t i o n  in ca lves ,  however, 

l o c a l i s a t i o n  o f  v i r a l  ant igens i s  a more re levan t  technique f o r  

r e l a t i n g  v i r a l  i n f e c t i o n  to  s p e c i f i c  h is to p a th o lo g ic a l  changes.
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RESPIRATORY DISEASE INVOLVING PI3 VIRUS: OUTBREAK P

In t ro d u c t io n

This outbreak occurred on a beef rear ing  u n i t  which bought 

in  weaned s ing le -su ck le d  calves and bucket- fed calves from loca l  

markets. Resp ira tory  disease had not been a problem in previous 

years .

H is to ry  o f  Resp i ra to ry  Disease Outbreak

The group o f  10, f i v e  to  s ix  months o ld  calves in which the 

problem arose were bought on 21.10.80. On a r r i v a l  at the farm they 

were examined by the fa rm er 's  v e te r in a ry  surgeon and, a f t e r  being 

kept indoors f o r  48 hours, were turned out.  Two days l a t e r  

(26 .10.80)  several animals were no t iced  to  be coughing, tachypnoeic 

and r e lu c ta n t  to feed. A l l  the calves were brought ins ide  to  a 

wel l  v e n t i l a t e d  shed and were examined. C l i n i c a l l y  a f fe c ted  

animals were py rex ic  w i th  rec ta l  temperatures of up to 106.0®F. 

A l l  were markedly tachypnoeic  ( r e s p i r a to r y  ra tes  up t o  80/m in) .  

E ight were t rea ted  w i th  o x y t e t r a c y c l i ne in t ra m u s c u la r ly  and two, 

which were not t r e a te d ,  were purchased by us (F I  and F2),

C l i n i c a l  Findings

F i r s t  v i s i t :  The farm was f i r s t  v i s i t e d  on 29.10.80. Most o f the

animals were much improved by t h i s  t ime.  Several had a 

mucopurulent nasal d ischarge and were s t i l l  tachypnoeic 

( r e s p i r a t o r y  ra te  50/m in).  Ha l f  o f  the calves had les ions  of 

i n f e c t i o u s  bovine k e r a t o c o n j u n c t i v i t i s .  Blood samples and 

nasopharyngeal swabs were taken from f i v e  calves (F3 to  F7),

Second v i s i t :  Seven days l a t e r  on 5,11.80 the farm was v i s i t e d

again. The calves were f u r t h e r  improved but there  was s t i l l  

occasional coughing.

Th i rd  v i s i t :  One month a f t e r  the f i r s t  v i s i t  the farm was v i s i t e d
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again on 27.11.80, f u r t h e r  blood samples were taken. At t h i s  v i s i t  

the re  was v i r t u a l l y  no coughing in the group and a l l  were ga in ing  

weight .

Patho log ica l  Findings 

Cal f  FI

Gross: There were pneumonic les ions  in the c ra n ia l  and middle

lobes and in the c ra n ia l  par ts  o f  the l e f t  caudal lobe. The 

les ions  were s im i l a r  in  a l l  lobes and were red -pu rp le  and s l i g h t l y  

co l lapsed  w i th  a smooth homogeneous sur face .  On c ro ss -sec t io n  

the re  were excessive amounts of t h i c k  creamy mucopus o r ig i n a t i n g  

from the l e f t  c ra n ia l  lobe. There was a la rge  n e c ro t ic  area near 

the re tropharyngeal lymph node.

M icroscop ic :  There was a mi ld  r h i n i t i s  and t r a c h e i t i s  w ith

n e u t ro p h i ls  in  the e p i th e l iu m  and plasma c e l l s  in  the lamina 

p ro p r ia .  The e p i th e l iu m  v/as d y s p la s t i c  w i th  focal areas of 

n e c ros is .  Some e p i t h e l i a l  c e l l s  had very c le a r  cytoplasm and many 

conta ined la rge  pale oval nuc le i  w i th  p e r ip h e ra l l y  clumped 

chromat in , hyperchromatic nuc lear  membranes and a prominent

nuc leo lus .  The les ions  in  a l l  lung lobes were s i m i l a r .  There was

a b r o n c h i t i s  and a b r o n c h i o l i t i s ,  w i th  e p i t h e l i a l  damage and many 

plasma c e l l s  in  the lamina p ro p r ia .  Neu t roph i ls  were present 

between c e l l s  in  the d y s p la s t i c  e p i th e l iu m .  Many e p i t h e l i a l  c e l l s  

had c le a r  cytoplasm and a la rge  oval nucleus w i th  a prominent 

n u c le o lu s .  In some areas the bronch io les  were r e l a t i v e l y  normal 

w i th  no marked e p i t h e l i a l  changes, apart  from c e l l s  w i th  c le a r

cy top lasm, and few p e r ib ro n c h io la r  changes.

The p r in c ip a l  a lv e o la r  changes were co l lapse  and foca l  

e p i t h e l i a l  hyperp las ia .  Many e p i t h e l i a l  c e l l s  had c le a r  cytoplasm 

which protruded in t o  the a lv e o la r  lumen. There was a s l i g h t

i n f i l t r a t e  of macrophages and n e u t ro p h i l s .  In some areas there 

were aggregates o f  pale s ta in in g  lymphocyt ic  c e l l s  in  the w a l ls  o f  

bronchi and la rge  b ronch io les  w i th  occasional germinal centre
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fo rm a t io n .  In some places the lymphocyt ic  c e l l s  extended round the 

bronchus or b ronch io les  to  form a sleeve o f  c e l l s .

Immunofluorescence: Sect ions of nasal mucosa, t rachea l  mucosa and

pneumonic lung were examined f o r  RS and PI3 v i r a l  ant igens by

Immunofluorescence. A l l  were nega t ive .

C a l f  F2

The changes in  t h i s  animal were s i m i l a r  to those in c a l f  F I ,  

however, there  were c e r ta in  d i f f e re n c e s .  In par ts  o f the r i g h t

c ra n ia l  lung lobe there  were bronch io les  w ith  e a r ly  obi i t e r a t i v e  

les ions  a r i s in g  from areas o f  e p i t h e l i a l  loss .  The reac t ion  around 

the bronch io les  was s l i g h t l y  d i f f e r e n t  w ith  a more p e r ip h e ra l l y  

ex tens ive  lymphoid reac t ion  in  the p e r ib ro n c h io la r  t i s s u e s .  Again 

the i n f i l t r a t i n g  c e l l s  were l a r g e l y  plasma c e l l s  and a few 

mononuclear c e l l s .

The most obvious and ser ious l e s i o n s ’ were areas o f  

n e c ros is .  Grossly there  were f i r m ,  g r i t t y  les ions  d i s t r i b u t e d  

th roughout the pneumonic areas. On cross sec t ion  these were deep 

red w i th  a f r i a b l e  cen t re .  M ic ro s c o p ic a l l y  the re  was coagu la t ive  

necros is  of areas of the lung parenchyma which were surrounded by 

n e u t ro p h i l s  and macrophages. Adjacent a l v e o l i  were invo lved w i th  

congest ion and oedema of t h e i r  wa l ls  and f i b r i n  in t h e i r  lumina.

Immunofluorescence: A l l  r e s p i r a to r y  t i ssues  examined were negat ive

f o r  PI3 v i r a l  and RS v i r a l  ant igens by immunofluorescence.

M ic ro b io lo g ic a l  Findings

No v i ruses  or pathogenic mycoplasmas were i s o la te d  from the 

lungs o f  ca lves FI and F2. Pas teu re l la  haemolyt ica type A2 was

recovered from the n e c ro t i c  areas in  the lungs o f  c a l f  F2 and

C.pyogenes was recovered from o ther  areas. Mycoplasma bovis was 

i s o la te d  from one nasophayngeal swab taken from c a l f  F4 on 29.10.80
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Sero log ica l  Findings

The re s u l t s  of examinat ion o f  paired sera from calves F3 to  

F7 f o r  an t ibod ies  t o  RS v i rus  and PI3 v i ru s  are presented in  Table

20. Three calves seroconverted to  PI3 v i r u s  but none to RS 

v i r u s .  There was s e ro lo g ic a l  evidence of i n f e c t i o n  w i th  BVD v i ru s  

in  one c a l f  (F7) a l though none of the others had ant ibody in e i t h e r  

blood sample. There was no evidence o f  i n f e c t i o n  w i th  adenovirus 

types A and B, reov i rus  types 1 and 2 or  IBR v i r u s .

One c a l f  (F3) seroconverted to Mycoplasma bov is .
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TABLE 20: N e u t ra l i s a t io n  t i t r e  to  r e s p i r a to r y  syncy t ia !

(RS) v i ru s  and haemaggluti  n a t i o n - i n h i b i t i o n  t i t r e  to 

p a ra in f luenza  type 3 (PI3) v i ru s  in paired sera from calves 

in  outbreak F,

Cal f

RS vi  rus PÎ3 vi  rus

(umber 29.10.80 27.11.80 CF 29.10.80 27.11.80 CF

F3 4730 910 0.19 160 H

F4 1320 1820 1.38 80 320 4.00

F5 4170 1320 0.32 160 640 4.00

F6 5120 4790 0.93 1280 160 0.12

F7 1820 720 0.39 80 320 4.00

H = Serum sample from Cal f  F3 taken on 27.11.80 haemolysed 

the guinea pig e ry th ro cy te s  used in the HAI t e s t  desp i te  

adsorp t ion  w i th  ka o l in  and guinea p ig e ry th ro cy te s  and 

heat ing to  5G*C fo r  30 minutes.

CF = Conversion Factor
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Pi scussi on

The re s u l t s  o f the c l i n i c a l ,  pa th o lo g ica l  and

m ic ro b io lo g ic a l  i n v e s t ig a t i o n s  which were c a r r ie d  out on the calves 

in  t h i s  outbreak o f  r e s p i r a to r y  disease suggest th a t  PI3 v i r u s  and 

Pas teu re l la  haemolyt ica type A2 were s i g n i f i c a n t  a e t i o l o g i c a l  

agents. Three of the fou r  calves which were sampled seroconverted 

t o  PÎ3 v i r u s .  Hi s t o p a th o lo g i c a l l y  there were les ions  suggest ive

o f  a v i r a l  i n f e c t i o n  in the two calves which were purchased,

al though these were not s p e c i f i c  t o  PI3 v i rus  and no PI3 v i r a l  

ant igens could be demonstrated by immunofluorescence. A l l  the

calves had high t i t r e s  of serum n e u t r a l i s i n g  ant ibody to  RS v i ru s  

in  the f i r s t  blood sample but none o f  the animals seroconverted to 

the v i ru s  and v i r a l  ant igens were not present in the lungs o f  the 

purchased ca lves. High ant ibody t i t r e s  in t h i s  age o f  c a l f  could 

be due to  recent i n f e c t i o n  al though they do not prov ide s p e c i f i c  
evidence of t h i s .

Some of the hi s topatho l  og ica l  fea tures  in  the lungs o f  the 

purchased ca lves ,  ‘ n p a r t i c u l a r  the p e r ib ro n c h io la r  r e a c t io n ,  

suggest th a t  the les ions  had been present f o r  some t ime al though 

there  were a lso more recent changes such as congest ion and oedema. 

The les ions  may, t h e re fo re ,  represent a recent episode of 

in f lammation o f  several days du ra t ion  superimposed on a more long 

standing le s io n .  The cause of the recent re a c t ion  i s  not 

a b s o lu te ly  c le a r  a l though c i r c u m s ta n t ia l  evidence would i n c r im in a te  

PI3 v i r u s  and poss ib ly  P.haemolyt i  ca type A2. The cause of the 

more long standing le s io n  is  even less c le a r  al though i t  could be 

re la te d  to a previous RS v i r a l  i n f e c t i o n .  These f i n d in g s  h ig h 

l i g h t  the d i f f i c u l t y  in a s c r ib in g  causes to  c e r ta in  r e s p i r a to r y  

disease outbreaks even when they appear to present as an acute 

c o n d i t i o n .
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RESPIRATORY DISEASE INVOLVING PI3 VIRUS: OUTBREAK G

In t ro d u c t io n

This outbreak occurred on a d a i r y  farm which reared i t s  own

ca lves .

H is to ry  o f  Resp i ra to ry  Disease Outbreak

The group o f  11, e ig h t  to  ten months o ld  calves in which the 

problem arose were home-bred and had never been at grass. The 

o ld e r  calves w i t h in  the group had been i l l  w i th  p e r s is t e n t

d ia r rhoea dur ing the summer but no d iagnosis  had been made.

On 10.11.81 two o f  the o lde r  calves were found showing

severe r e s p i r a to r y  s igns .  One died th a t  day ( c a l f  Gl) and, desp i te  

trea tment  w ith  o x y te t r a c y c l1nes, the o ther  c a l f  ( c a l f  G2) also 

d ied .  The calves were housed in  a la rge  b u i l d in g  w i th  h a l f  open 

doors at each end. One end o f  the house opened in to  a yard

adjacent to  a s i la g e  face where the dry  cows congregated.

C l i n i c a l  Findings

F i r s t  v i s i t :  The farm was f i r s t  v i s i t e d  on 12.11.81. There was

sporadic  coughing in  the a f fe c te d  group w i th  s l i g h t  tachypnoea and 

hyperpnoea on exe rc ise .  No a d v e n t i t io u s  sounds were heard on 

a u s c u l ta t io n .  One o f  the animals was more severe ly  i l l .  Another 

group o f  younger calves in  a complete ly  separate b u i l d in g  were

coughing, many were hyperpnoeic and tachypnoeic and a few were 

dyspnoeic. None o f  t h i s  group had died and a l l  apparen t ly  

responded to  treatment w i th  t y l o s i n .

Blood samples and nasopharyngeal swabs were taken only from 

the group in which calves had died (ca lves G2 t o  G i l ) .
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Second v i s i t :  The farm was v i s i t e d  again approx imate ly  one month

l a t e r  on 3.12.81. A l l  calves appeared normal and there  were no 

f u r t h e r  r e s p i r a to r y  problems.

Patho log ica l  Findings

C a l f  Gl

Gross: There were severe pneumonic les ions  in  a l l  lung lobes.

The lungs were heavy and dark red in co lou r  w ith  severe 

i n t e r s t i t i a l  emphysema. In the caudal lobes there  were two large 

a i r - f i l l e d  bu l lae  approx imate ly  6cm in diameter and numerous 

sma l le r  pockets of a i r .  On c ro ss -sec t io n  the lung lobu les  were 

u n i fo rm ly  dark red apart  from several fawn coloured lobu les  in the 

caudal lobes. Some lobu les  contained areas of haemorrhage. Small 

bronchi were not p a r t i c u l a r l y  prominent and conta ined l i t t l e  

exudate. Large bronchi were extremely congested but contained 

l i t t l e  exudate. The trachea was severe ly  congested.

M icroscop ic :  There was an acute p r o l i f e r a t i v e  a l v e o l i t i s  and

damage to  the b ro n ch io la r  e p i th e l iu m .  S t r i k i n g  les ions  were 

congest ion o f  a l v e o la r  w a l ls  and a lv e o la r  e p i t h e l i a l  hyperp las ia .  

Hyal ine membranes were prominent in  some lob u les .  The a lv e o la r  a i r  

spaces contained oedema f l u i d ,  n e u t ro p h i ls  and macrophages. 

A lv e o la r  e p i t h e l i a l  c e l l s  had very p ink ,  dense cytoplasm and la rge 

hyperchromatic  n u c le i .  Occasional b inuc lea te  c e l l s  were present 

but the re  were no la rge  e p i t h e l i a l  syncy t ia  or c e l l s  con ta in ing  

in c lu s io n  bodies. M i t o t i c  f i g u re s  were present in  the a lv e o la r  

e p i th e l iu m  but were not numerous. There were occasional areas of 
i n t r a - a l v e o l a r  haemorrhage.

The b ro n ch io la r  e p i th e l iu m  was d y s p la s t i c  w i th  i r r e g u l a r  

c e l l  o u t l in e s  and nuc le i  a t  var ious leve ls  in  the e p i t h e l i a l  

l a y e r .  There was focal necros is  o f  the e p i t h e l i a l  c e l l s  but no 

syn cy t ia  or i n c lu s io n  bodies were seen. In the p e r ib ro n c h io la r  
t i s sues  were occasional foca l  aggregates of lymphocytes.
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The lamina p rop r ia  o f  the in t ra -pu lm onary  and loba r  bronchi 

v/as congested and oedematous and contained increased numbers o f  

lymphocyt ic c e l l s .  Due to  post-mortem degenerat ion s p e c i f i c  

changes in the e p i th e l iu m  were d i f f i c u l t  to recogn ise.

Immunofluorescence: Sect ions o f  t rachea ,  r i g h t  c ra n ia l  lobe, r i g h t

middle lobe and r i g h t  caudal lobe were examined fo r  RS v i r a l  and 

P13 v i r a l  ant igens by immunofluorescence. A l l  were found to be 

nega t ive .

C a l f  62

The gross and microscop ic  pa tho log ica l  changes in  t h i s  

animal were s i m i l a r  to  those in  c a l f  Gl. Again no RS v i r a l  or PI3 

v i r a l  ant igens were detected by immunofluorescence.

M ic ro b io lo g ic a l  Findings

No v i ruses  or  pathogenic mycoplasmas were detected in the 

t issu e s  from calves Gl and G2 or in  the nasopharyngeal swabs taken 

on 12.11.81. Pas teure l la  haemolyt ica type A2 was de tected, by 

immunofluorescence, in  the lungs o f  ca lves 61 and G2 and was 

i s o la te d  from two nasopharyngeal swabs.

Sero log ica l  Findings

The re s u l t s  o f the examinat ion o f  pa ired sera from calves G3 

t o  G l l  f o r  an t ibod ies  to  RS v i ru s  and PI3 v i ru s  are presented in  

Table 21. A l l  nine animals seroconverted to  P I3 v i r u s  but none to  

RS v i r u s .  There was s e ro lo g ic a l  evidence o f  i n f e c t i o n  w i th  

adenovirus type A in the group w i th  fou r  calves (Gl ,  G3, G4 and G7) 

se roconve r t ing .  There was no evidence of i n f e c t i o n  w i th  BVD v i r u s ,  

adenovirus type B, re ov i rus  types 1 and 2 or IBR v i r u s .  No calves 

seroconverted to  P.haemolyt i  ca types A l  and A2 or to  Mycoplasma 

bov is .
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TABLE 2 1 :  N e u t ra l i s a t io n  t i t r e  to  r e s p i r a to r y  syn cy t ia l

(RS) v i ru s  and h a e m a g g lu t i n a t i o n - in h ib i t i o n  t i t r e  to  

pa ra in f luenza  type 3 (PI3) v i r u s  in  pa ired sera from the 

calves in  outbreak G,

C a l f

Number 12.11.81

RS vi rus . 

3.12.81 CF 12.11.81

PI3 v i ru s  

3.12.81 CF

G3 245 450 1.83 10 160 16.0

G4 1380 400 0.28 10 640 64.0

G5 1000 1700 1,70 10 640 64.0

G6 2340 560 0.24 20 640 32.0

G7 40 40 1.00 20 160 8.0

G8 760 1550 2.04 10 , 320 32.0

G9 175 100 0.57 10 320 32.0
GIO 190 510 2.70 10 1280 128.0
G i l 220 220 1.00 10 320 32.0

CF = Conversion Factor
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D1S C U S S 1o n

The re s u l t s  o f  the c l i n i c a l ,  pa tho log ica l  and 

m ic ro b io lo g ic a l  In v e s t ig a t io n s  c a r r ie d  out on the calves in t h i s  

outbreak suggest th a t  PI3 v i r u s  and Pasteure l la  haemolyt ica type A2 

were the a e t i o lo g ic a l  agents respons ib le  fo r  the acute r e s p i r a to r y  

d isease. A l l  of  the nine animals seroconverted to  PI3 v i r u s .  

Pas teu re l la  haemolyt ica type A2 was recovered from the 

nasopharyngeal swabs taken from two o f  the nine animals. This 

bacter ium was not i s o la te d  from the lungs of the animals which 

d ied .  However, in both cases i t  was detected by

immunofluorescence.

Four o f  the calves seroconverted to  adenovirus type A 

a l though the v i rus  was not recovered from any o f  the nasopharyngeal 

swabs which were taken from the two dead animals. Nei ther were 

i n t r a n u c le a r  i n c lu s io n  bodies, suggest ive of i n f e c t i o n  w i th  an 

adenovi rus, demonstrated in  the lungs o f  the dead animals.

In view o f  t h . s e ro lo g ica l  evidence of i n f e c t i o n  w i th  PI3 

v i r u s  i t  was s u rp r i s in g  t h a t  there  were no i s o la t i o n s  o f  the v i ru s  

from e i t h e r  nasopharyngeal swabs or from the t issues  o f  the dead 

an imals . No PI3 v i r a l  ant igens were detected by immunofluorescence 

In the dead animals and the h is to p a th o lo g ic a l  l e s io n s ,  w h i l s t  

suggest ive o f  a v i r a l  i n f e c t i o n ,  were not s p e c i f i c  f o r  PIS v i r u s .  

E p i t h e l i a l  syncy t ia  were not detected in  e i t h e r  the bronch io les  or 

the a lv e o l i  although these fea tu res  have been described in natural  

PI3 v i r a l  i n f e c t i o n s  (Betts  and o th e rs ,  1964). The serum HA I 

ant ibody t i t r e s  to  PI3 v i r u s  rose r a p id l y  between the f i r s t  and the 

second blood samples but i t  was not poss ib le  to  say whether t h i s  

represented a pr imary or  a secondary exposure to  PI3 v i r u s .  The 

ca lve s ,  a t  e ig h t  to  nine months o f  age, were o lde r  than those which 

normal ly  succumb to  r e s p i r a to r y  disease when indoors .  They had 

been housed since b i r t h  and were not known to  have been i l l  w i th  

r e s p i r a to r y  disease p re v io u s ly .  There was d i r e c t  con tact  w i th  

a d u l t  c a t t l e  and these could have been the source o f  v i ru s  in  t h i s
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outbreak. At the t ime of the in c id e n t  younger calves on the farm 

had re s p i r a to r y  disease al though they were not inve s t ig a te d  as the 

farmer was not p a r t i c u l a r l y  worr ied about them. He v/as more 

concerned about the o lde r  and, th e re fo re  , more va luable  animals.

There was no evidence o f  RS v i r a l  i n f e c t i o n  in t h i s  outbreak 

al though several calves had high le ve ls  o f serum n e u t r a l i s in g  

ant ibody in the f i r s t  sample. In four  animals the t i t r e  had r isen  

by the second sample but not by a s i g n i f i c a n t  amount. Mate rna l ly  

derived ant ibody would have been expected to  have decl ined to  very 

low leve ls  by t h i s  t ime.  The high i n i t i a l  t i t r e s  to RS v i r u s  could 

in d ic a te  recent i n f e c t i o n  but there  was no s p e c i f i c  evidence to  

conf i rm t h i s .
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RESPIRATORY DISEASE INVOLVING PI3 VIRUS: OUTBREAK H

In t r o d u c t i  on

This outbreak occurred on a d a i r y  farm m i lk in g  approx imate ly  

200 F r ies ian  and Ayrsh i re  cows. A l l  home-bred calves were reared 

except pure Ayrsh i re  b u l l s  which were sold at one to  two weeks-of 

age. H e i fe r  calves were reared as herd replacements and F r ie s ia n  

b u l l  calves were fa t tened  in a bar ley  beef u n i t .

H is to ry  o f  Resp i ra to ry  Disease Outbreak

Over the previous few years the number o f  calves reared on 

the farm had increased. At the same t ime pneumonia and coughing in 

housed calves had worsened. Widespread coughing and sporadic  

f e b r i l e  pneumonias had been p a r t i c u l a r l y  p reva len t  in  October and 

November and tended to s t a r t  in  the calves at around s ix  to e ig h t  

weeks o f  age. At the t ime o f  the outbreak (December) there  were 
75 to  80 calves at r i s k .  The problem had been tack led  by t r e a t i n g  

i n d i v id u a l  s ick  calves w i th  a combinat ion o f  a n t i b i o t i c s  and 

c o r t i c o s t e r o i d s .  Four groups of an imals , aged between four  and 14 

months o ld ,  were housed in separate pens in  a converted byre.

Fo l low ing a wave of coughing in  one of the pens a c a l f  ( c a l f  H I) ,  

aged e ig h t  months o ld ,  d ied .  I t s  carcase was obtained fo r

post-mortem examinat ion. This was the t h i r d  wave of coughing which

t h i s  group had exper ienced, the f i r s t  being two months p re v io u s ly

the second a month ago. The dead c a l f  had been no t iced  to be i l l  

f o r  36 hours p r i o r  to  i t s  death and had been t rea te d  w i th  

s t rep tomyc in  and c o r t i c o s t e r o i d s .  Coughing appeared to spread from 

t h i s  group to  the o ld e r  animals (12 to  14 months) in  the byre and 

t o  younger animals in  a separate b u i l d in g .

In a separate b u i l d in g  were 21, th ree  to fo u r  months old 

ca lves .  These animals were in v e s t ig a te d  in  d e ta i l  at the f i r s t  

v i s i t  to  the farm as they were' exper ienc ing t h e i r  f i r s t  wave o f  
coughing.
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C l in i c a l  Findings

F i r s t  v i s i t :  The farm was v i s i t e d  on 10.12.80 and at t h i s  t ime

the calves in  the group had been coughing f o r  approx imate ly  10 

days. Six days p r i o r  to our v i s i t  one c a l f  had d ied, two days 

a f t e r  the group had been moved in to  t h i s  b u i l d in g .  No post-mortem 

examinat ion was ca r r ie d  ou t .  On 10.12,80 most o f  the group were 

tachypnoeic ,  hyperpnoeic and coughing f re q u e n t l y .  Three calves 

(H2, H3 and H4) were purchased fo r  f u r t h e r  examinat ion.

Second v i s i t :  The farm was v i s i t e d  again one month l a t e r  on

8 .1 .81 .  The group o f  calves were much improved but there  was s t i l l  

sporad ic  coughing. Repeat blood samples were taken f o r  sero logy 

from the calves sampled at the f i r s t  v i s i t .

Pa tho log ica l  Findings

C a l f  HI

Gross: The gross post-mortem f in d in g s  in  the lungs o f  t h i s  animal

were very s t r i k i n g .  There was severe c o n s o l id a t io n  o f  the c ran ia l  

lobes ,  the middle lobe and the c ra n ia l  par ts  o f  the caudal lobes 

(F ig .  22).  The les ions  were s l i g h t l y  co l lapsed and had a spotted 

su r fa ce .  I n t r a l o b u l a r  haemorrhages were present at the per iphery  

o f  the le s io n .  There was severe i n t e r s t i t i a l  emphysema in v o lv in g  

p r i n c i p a l l y  the caudal lobes but there  were no la rge  bu l lae  o f  gas.

On c ro ss -se c t io n  the c ra n ia l  lobes were f i r m  w i th  a speckled 

su r fa ce .  There was ex tens ive i n t e r l o b u l a r  emphysema in a l l  lobes 

w i th  the fo rmation o f  small in te rco n n e c t in g  bu l la e  (2-3cm d iameter)  

in  the caudal lobes.

M ic roscop ic :  There was a severe acute exudat ive  pneumonia w i th

evidence o f  damage to  the b ro n c h io la r  and the a lv e o la r  e p i the l iu m  

(F ig .  23),  B ronch io la r  les ions  in  the r i g h t  middle lobe consis ted 

o f  necros is  o f  the e p i th e l iu m  w i th  p lugging o f  the lumen w i th  

n e u t ro p h i l s  and macrophages. In the r i g h t  c ra n ia l  lobe there  were
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s i m i l a r  les ions  and, in  a d d i t i o n ,  b r o n c h i o l i t i s  o b l i t e ra n s  and 

p e r ib r o n c h io la r  f i b r o s i s .  A lve o la r  les ions  were p r i n c i p a l l y  severe 

congest ion and oedema o f  the w a l ls  and foca l e p i t h e l i a l  

h yp e rp la s ia .  The airspaces were packed w i th  n e u t ro p h i ls  and 

macrophages. Some small syncy t ia  were a lso present (F ig .  23),  but 

were not obv ious ly  attached to the e p i th e l iu m .  They had densely 

s ta ined  e o s in o p h i l i c  cytoplasm and between two and f i v e  

p e r ip h e r a l l y  placed n u c le i .  No in t ra c y to p la s m ic  or i n t r a n u c le a r  

i n c lu s io n  bodies were seen in  e i t h e r  the b ro n c h io la r  or the 

a lv e o la r  e p i th e l iu m .

Immunofluorescence: Para in f luenza type 3 v i r a l  ant igens were

detected in the syncy t ia  and in  occasional s ing le  c e l l s  in a lv e o la r  

a i rspaces .  Ant igens were a lso  present in a lv e o la r  e p i t h e l i a l  

c e l l s .  No RS v i r a l  ant igens were de tected.

Calves H2, H3 and H4

The gross and microscop ic  pa tho log ica l  changes in these

animals were s i m i l a r  a l though they var ied  in  e x te n t .

Gross: There was c o n s o l id a t io n  o f  the c ra n ia l  and the middle lobes

and the c ran ia l  pa r ts  of the caudal lobes. The surface o f  the 

le s io n  was mot t led  w i th  pink and pale areas w i t h in  the lung 

lo b u le s .  At the edges of the les io n  in the caudal lobes were small 

areas o f  sub -p leura l  and i n t e r l o b u l a r  emphysema. The pneumonic 

t i s s u e  was s l i g h t l y  co l lapsed but f i rm  and f u l l .  The l e f t  lung 
from c a l f  H2 i s  i l l u s t r a t e d  in  F ig .  16.

On cross sec t ion  the le s io n  was dry w i th  l i t t l e  exudate in

the b ronch i .  Again the surface was mott led  but the small bronchi 

were not p a r t i c u l a r l y  prominent .

M ic roscop ic :  The les ions  were centred on the in t rapu lmonary

bronchi and the bronch io les  (F ig .  17), The bronch ia l  e p i the l iu m
was d y s p la s t i c  and h y p e rp la s t i c  w i th  c o l l e c t i o n s  o f  n e u t ro p h i ls  in  

spaces w i t h i n  the e p i th e l iu m  (F ig .  18). In some cases these
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fea tu res  seemed to be formed by inva g in a t io n  of the e p i th e l iu m  but 

in the m a jo r i t y  no d i r e c t  connect ion to  the e p i t h e l i a l  sur face 

could be seen. The lamina p rop r ia  contained an intense i n f i l t r a t e  

o f  plasma c e l l s  w i th  a few lymphocytes and n e u t ro p h i l s .  The 

b ro n c h io la r  e p i th e l iu m  was d y s p la s t i c  and h y p e rp la s t i c  w i th  

n e u t ro p h i ls  present between the c e l l s .  There were foc i  o f  

e p i t h e l i a l  necros is  and areas w i th  f l a t te n e d  b a so p h i l i c  c e l l s .  The 

lumen was plugged w i th  an in f lammatory exudate o f  n e u t ro p h i l s ,  some 

macrophages and degenerat ing desquamated e p i t h e l i a l  c e l l s .  In some 

sec t ions  co lon ies  o f  ba c te r ia  could be seen. The p e r ib ro n c h io la r  
t i s s u e s  were th ickened w i th  e a r ly  f i b r o s i s  and an i n f i l t r a t e  of 

mononuclear c e l l s  and plasma c e l l s .  Occasional loose aggregates o f  

lymphocyt ic  c e l l s  were present in  the p e r ib ro n c h io la r  t i s s u e s .  In 

some bronch io les  there  was e a r ly  b r o n c h i o l i t i s  o b l i t e ra n s  w ith  

p a p i l l a r y  ingrowths of f i b r o b l a s t s  and macrophages in to  the lumen. 

There was also e a r ly  b ro n c h io le c ta s is .

There were marked a lv e o la r  les ions  ad jacent to  the bronchi 

and the b ronch io les .  The i n t e r l o b u l a r  septae were thickened w i th  

an i n f i l t r a t e  o f  mononuclear and plasma c e l l s .  The a lv e o la r  

e p i th e l iu m  was f o c a l l y  n e c ro t ic  and h y p e rp la s t i c .  The c e l l u l a r  

i n f i l t r a t e  in a lv e o la r  a irspaces was composed o f  n e u t ro p h i ls  and 

macrophages. In some areas the neu t roph i l  component was very 

In tense.

A d d i t io n a l  fea tu res  in  c a l f  H2 were e o s in o p h i l i c

in t ra c y to p la s m ic  in c lu s io n  bodies in b ro n c h ia l ,  b ro n c h io la r  (F ig .  

19) and, o cca s io n a l l y  a l v e o la r  e p i t h e l i a l  c e l l s .  No i n t r a n u c le a r  

i n c l u s io n  bodies were p resen t ,  nor were there  any e p i t h e l i a l  
s y n c y t ia .

Immunofluorescence: Para in f luenza type 3 v i r a l  ant igens were

detected in  the bronch ia l  (F ig .  20), the b ro n c h io la r  and the

a lv e o la r  e p i th e l iu m  o f  c a l f  H2, but not in calves H3 and H4. No RS

v i r a l  ant igens were detected in  any animal.
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M ic ro b io lo g ic a l  Findings

The r e s u l t s  of m ic ro b io lo g ic a l  examinat ions on the t issues  

o f  ca lves HI, H2, H3 and H4 are presented in  Table 22. In a d d i t io n  

PI3 v i ru s  was i s o la te d  from nasopharyngeal swabs from e ig h t  calves 

and these are in d ic a te d  by a s te r i s k s  in  the s e ro lo g ic a l  ta b le  

(Table 23), Pas teu re l la  multoc ida was i s o la te d  from the 

nasopharyngeal swabs o f  s ix  calves but no pathogenic mycoplasmes 

were recovered.

Sero log ica l  Findings

The re s u l t s  of the examinat ion of paired sera fo r  ant ibody 

to  RS v i ru s  and PI3 v i ru s  are given in  Table 23. One c a l f  (H13)

seroconverted to  P I3 v i r u s  and eleven had r i s i n g  t i t r e s .  No calves

seroconverted to  RS v i ru s  and, in  f a c t ,  most had d e c l in in g  le v e ls

o f  an t ibody.  In a d d i t i o n  to t h i s  the re  was se ro lo g ica l  evidence of

i n f e c t i o n  w i th  adenovirus types A and B in  the group o f  ca lves ,  

the re  being f i v e  and two séroconvers ions re s p e c t i v e l y .  There v/as 

no evidence o f  i n f e c t i o n  w i th  BVD v i r u s ,  reov i rus  types 1 and 2 or  

IBR v i r u s .  There were no séroconvers ions to P.multoc ida but f i v e  

calves seroconverted to  Mycoplasma bov is .
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TABLE 22: The pathogenic v i ru se s ,  b a c te r ia  and mycoplasmas

detected in the r e s p i r a to r y  t r a c t  t i ssues  o f  the calves in 

outbreak H.

Cal f

Number Tissue Vi ruses Bacter i  a Mycoplasmas

HI NM Negative Negative Negative

TM PI3 vi  rus P.multoc i  da Negati ve
L PI3 vi  rus P.multoci  da Negative

H2 NM PI3 vi  rus Negati ve Ureaplasma sp.

TM PI3 v i ru s P.multoci  da Negati ve
L PI3 vi  rus P.multoci  da Ureaplasma sp.

H3 NM PI3 v i r u s Negati ve Negati ve

TM PI3 vi  rus Negative Negati ve
L PI3 vi  rus Negati ve Ureaplasma sp.

H4 NM Negative P.mul toc ida Ureaplasma sp.
TM PI3 v i rus P.multocida Negati ve
L Negative P.multoci  da Ureaplasma sp.

NM = Nasal Mucosa 

TM = Trachea Mucosa 

L = Lung
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TABLE 23: N e u t ra l i s a t io n  t i t r e  to r e s p i r a to r y  syn cy t ia l

(RS) v i ru s  and h a e m a g g lu t i n a t i o n - in h ib i t i o n  t i t r e  to  

pa ra in f luenza  type 3 (PI3) v i rus  in  paired sera from the 

ca lves in  outbreak H.

RS vi rus PI3 vi  rus
Cal f

nunibe r 10.12.80 8.1 .81 CF 8. 12.80 8.1.81 CF

H5 330 440 1.33 80 160 2.00
H5 300 100 0.33 80 160 2.00
H7* 250 220 0.84 40 80 2.00
H8* 300 350 1.16 80 160 2,00
H9* 910 830 0.91 40 80 2.00
HIO* 410 550 1.34 40 80 2.00
HU 200 100 0.50 80 80 1.00
H12 170 70 0.41 40 40 1.00
H13 2690 1120 0.41 40 160 4.00
H14 890 440 0.49 40 80 2.00
H15* 520 140 0.27 40 80 2.00
H16 215 280 1.30 40 40 1.00
H17 550 190 0.34 80 80 1.00
H18 1380 650 0.47 40 40 1,00
H19* 70 60 0.85 40 80 2.00
H20 3550 3000 0.84 80 80 1.00
H21* 260 250 0.96 40 80 2.00
H22* 1000 550 0.55 40 80 2.00

CF = 1Conversion Factor
* = The calves from which  PÎ3 vi  rus was i so la ted from

nasopharyngeal swabs taken on 10 .12. 80
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Discussion

The re s u l t s  o f  the c l i n i c a l ,  pa tho log ica l  and 

m ic ro b io lo g ic a l  i n v e s t ig a t i o n s  on the calves invo lved  in t h i s  

outbreak o f  r e s p i r a to r y  disease provide strong evidence th a t  PI3 

v i ru s  was the a e t i o l o g i c a l  agent w i th  secondary i n f e c t i o n  by 

P as teu re l la  m u l to c id a . The v i ru s  was demonstrated in the lung, of 

the c a l f  which d ied .  I t  was i s o la te d  from e ig h t  o f  18 

nasopharyngeal swabs taken from the group which was examined in 

d e ta i l  and v/as recovered from the r e s p i r a to r y  t r a c t s  o f th ree o f  

t h i s  group at post-mortem. Immunofluorescence demonstrated PI3 

v i r a l  ant igens in d i r e c t  assoc ia t ion  w i th  the pneumonic les ions  in

one c a l f  from the group.

Resp i ra to ry  disease had been present in the group f o r  10 

days p r i o r  to  the f i r s t  v i s i t .  This was r e f l e c te d  in the r e s u l t s  

o f  the m ic ro b io lo g ic a l  and pa tho log ica l  i n v e s t i g a t i o n s .  Only one 

o f  18 calves seroconverted to  PI3 v i r u s .  Ant ibody t i t r e s  stayed 

leve l  or rose by tw o - fo ld  amounts in the other ca lves .  At the t ime 

o f  the f i r s t  v i s i t  most o f  the calves had s i g n i f i c a n t  t i t r e s  o f

ant ibody to  PI3 v i r u s  i n d i c a t i n g  th a t  they had a l ready begun to  

respond s e r o lo g i c a l l y  to  the v i r a l  i n f e c t i o n .  Vi rus was recovered 

more f r e q u e n t ly  from calves w i th  an i n i t i a l  serum HA I an t ibody 

t i t r e  o f  40 or less (seven i s o la t i o n s  from 12 ca lves ,  58%) than

from those w i th  a t i t r e  g rea ter  than 40 (one i s o l a t i o n  from s ix  

ca lve s ,  16%). The former calves were probably at an e a r l i e r  stage 

o f  v i r a l  i n f e c t i o n .

The les ions  in the calves examined post-mortem were very 

s i m i l a r  and in  each case PI3 v i ru s  was recovered from the

re s p i r a to r y  t r a c t .  One c a l f  (H2) had s p e c i f i c  h is to p a th o lo g ic a l  

evidence o f  v i r a l  i n f e c t i o n  and t h i s  was conf irmed as PI3 v i rus  by 

immunofluorescence. Despite demonstrat ing the presence o f  PI3 

v i ru s  by i s o l a t i o n  and by immunofluorescence, e p i t h e l i a l  syncyt ium 

fo rmat ion  was not a marked ' f e a t u r e  of the h is t o p a th o lo g ic a l  

f i n d in g s  in  any o f  the ca lves .  Omar and others  (1966), in  

exper imental  PI3 v i r a l  i n f e c t i o n ,  found e p i t h e l i a l  s yn cy t ia  in the
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a lv e o l i  and the bronch io les  at f i v e  days a f t e r  i n f e c t i o n  but not at 

seven days. Thus the absence of s i g n i f i c a n t  numbers o f  syncy t ia  in 

the present cases could have been due to the stage of the 

i n f e c t i o n .  However, Bryson and others (1979b) examined the 

sequentia l  development o f les ions  in experimental  PI 3 v i r a l  

i n f e c t i o n  over a per iod o f  21 days and concluded th a t  syncytium 

fo rmat ion  was not a marked fea tu re  at any t ime. I t  would appear 

th a t  e p i t h e l i a l  syncy t ia  are not n e cessa r i ly  a marked fea tu re  of 

e i t h e r  experimental  or natu ra l  PI3 v i r a l  i n f e c t i o n s .

V i ra l  an t igens ,  detected by immunofluorescence, were present 

p r i n c i p a l l y  in the cytoplasm o f  the bronchia l  and the b ro nch io la r  

e p i t h e l i a l  c e l l s .  No in t r a n u c le a r  ant igens were de tected. The 

d i s t r i b u t i o n  o f  v i r a l  ant igens in the lung corresponded d i r e c t l y  to  

the d i s t r i b u t i o n  of the pneumonic le s io n s .  No v i r a l  ant igens were 

detected in non-pneumonic areas. In a d d i t io n  to  t h i s  the presence 

o f  ant igens corresponded to the presence of the most acute stages 

o f  the in f lammatory process and where the les ions  appeared to be 

more advanced no v i r a l  ant igens were detected.

In c a l f  HI, which died o f  a severe acute exudat ive 

pneumonia, PI3 v i r a l  ant igens were detected in a l v e o la r  e p i t h e l i a l  

c e l l s  and in  syncy t ia  which were free  in the a lv e o la r  lumen. By 

l i g h t  microscopy the syncy t ia  had abundant cytoplasm and 

p e r ip h e ra l l y  placed nuc le i  and resembled macrophage-type syncyt ia  

ra th e r  than e p i t h e l i a l  s y n c y t ia .  Pas teure l la  multoc ida was a lso 

i s o la te d  from the lungs in t h i s  case and the h is to pa tho l  og ica l 

appearance o f  the les ions  suggested an acute b a c te r ia l  pneumonia. 

The b a c te r io c id a l  fu n c t io n  of the macrophages could have been 

depressed by i n f e c t i o n  w i th  PI3 v i rus  as has been suggested by 

others (Lopez and o the rs ,  1975). Secondary i n f e c t i o n  w i th  

P.multocida was probably  important in the outbreak as a whole 

al though i t  is  u n l i k e l y  t h a t  i t  cou ld , per se, have i n i t i a t e d  the 

pa tho log ica l  changes present .  The most s i g n i f i c a n t  les ions  in the 

e a r l i e s t  stages were present in the b ro nch io la r  and b ro nch io la r  

e p i t h e l i a  and these re la te d  d i r e c t l y  to  PI3 v i r a l  i n f e c t i o n .
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Several ca lves had se ro lo g ica l  evidence of i n f e c t i o n  w i th  

adenovirus types A or B al though the v iruses were not i s o la te d  from 

the r e s p i r a t o r y ,  t r a c t  mate r ia l  examined. Nor were adenoviral  

i n t r a - n u c le a r  in c lu s io n  bodies seen in any of the h is to p a th o lo g ic a l  

sec t ions  examined. In view o f  t h i s  t h e i r  asso c ia t io n  w i th  t h i s  

disease in c id e n t  is  probably  not s i g n i f i c a n t .
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PIS VIRAL INFECTION: CASE RC17

Date 20th December 1982 

Age Three weeks

Breed F r ie s ia n

Died/Slaughtered Di ed

H is to ry

This was a home-bred d a i r y  c a l f ,  housed in d i r e c t  contact w ith

calves o f  a s i m i l a r  age. No s i g n i f i c a n t  c l i n i c a l  s igns had been 

no t iced  by the farmer. The c a l f  was found dead one morning.

Patho log ica l  Findings

Gross: There was pneumonic co n so l id a t io n  o f  a n t e r io r  and

p o s te r io r  par ts  of the l e f t  c ra n ia l  lobe and o f  the r i g h t  middle 

lobe. The pneumonic areas were red /purp le  and s l i g h t l y  ra ised

above the leve l  o f the normal lung. On cross sec t ion  the lung 

lobu les  were s l i g h t l y  oedematous w i th  small q u a n t i t i e s  o f mucopus 

in  the b ronch i .  There was no i n t e r s t i t i a l  emphysema.

M icroscop ic :  There was severe congest ion and oedema of the

a lv e o l i  w ith  focal necros is  of the e p i the l iu m .  The b ro nch io la r  

e p i th e l iu m  was a lso f o c a l l y  n e c r o t i c .  E p i t h e l i a l  s y n c y t ia ,  many 

con ta in ing  one or more e o s in o p h i l i c  in t ra c y to p la s m ic  in c lu s io n  

bodies, were present in  a l v e o l i  and b ronch io les .  Many in d iv id u a l  

e p i t h e l i a l  c e l l s  also conta ined s i m i l a r  i n c lu s io n  bodies. In the

a lv e o l i  ad jacent to  the bronch io les  there  were macrophages and a

few n e u t ro p h i l s .  In c lu s io n  bodies were seen in macrophages.

Immunofluorescence: Para in f luenza type 3 v i r a l  ant igens were

detected in the b ro n ch io la r  and the a lv e o la r  e p i t h e l i a l  c e l l s  and

in  c e l l s  l y in g  f ree  in  lumen. No RS v i r a l  ant igens were present .

M ic ro b io lo g ic a l  Findings

No pathogenic v iruses or mycoplasmas were i so la te d  but P.multoc i  da 

and Staphylococcus sp. were present in  the lungs o f  t h i s  c a l f .
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Summary o f  Findings 1n PI3 V i ra l  Cases

The in v e s t ig a t i o n s  y ie ld e d  only th ree  cases of pneumonia in 

which PI3 v i r a l  ant igens were de tected. Two animals presented w i th  

re s p i r a to r y  disease which was of sudden onset.  One animal died due 

to  ex tens ive pneumonic les ions  and had widespread severe 

i n t e r s t i t i a l  emphysema although there  were no bu l lae  of gas la rg e r  

than 1 to  2cm in  d iameter .  The pneumonic les ions  invo lved the 

c ra n ia l  and the midde lobes and the c ran ia l  par ts  o f  the caudal 

lobes and were f i r m  and s l i g h t l y  co l lapsed w i th  a mott led  or

spotted sur face.

H i s t o l o g i c a l l y  there  was an acute pneumonia w i th  e p i t h e l i a l  

damage in  the b ronch i ,  the bronch io les  and the a l v e o l i .  The 

e p i t h e l i a l  changes cons is ted o f  hyperp las ia  and foca l  necros is .  

Neu t roph i ls  were present between the e p i t h e l i a l  c e l l s  and, in one 

case, in  vacuoles w i t h in  the e p i t h e l i a l  l a y e r .  Some c e l l s

conta ined e o s in o p h i l i c  i n t ra c y to p la s m ic  in c lu s io n  bodies but no

in t r a n u c le a r  in c lu s io n s  were seen. E p i th e l i a l  syncyt ium formation 

was a marked fe a tu re  in  on ly  one case where they were present in  

the a lv e o la r  and the b ro n c h io la r  e p i t h e l i a  but not in the bronchia l  

e p i th e l iu m .  Most syncy t ia  contained two to  fou r  nuc le i  w i th  

o cca s io n a l ly  up to  e igh t  n u c le i .  Syncyt ia and c e l l s  con ta in ing  

i n c lu s io n  bodies had la r g e ,  oval nuc le i  w ith  hyperchromatic nuc lear  

membranes and prominent n u c le o l i .  In one case syncy t ia  were free  

in  the a lv e o la r  lumen but these were m orpho log ica l ly  s i m i l a r  to  

macrophage syncy t ia  ra th e r  than e p i t h e l i a l  s yn cy t ia .

In a l l  cases there  was a lymphocyt ic  re a c t ion  in the

p e r ib ro n c h io la r  t i s s u e s .  This was composed o f  both plasma c e l l s  

and lymphocytes w i th  the former c e l l  type being more numerous. A 

marked fea tu re  in  one case was th ic ke n in g  o f  the p e r ib r o n c h io la r  

t i s su e s  by the p r o l i f e r a t i o n  o f  f i b r o b l a s t s  and i n f i l t r a t i o n  w ith  

mononuclear c e l l s .  There was also e a r ly  b ro n c h io le c ta s is  in  t h i s  

case. Superimposed on these changes in a l l  the animals were acute 

exudat ive  re a c t io n s .  In a l l  cases Pas teu re l la  multoc ida was also
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i s o la te d  from the lung t i s s u e  and t h i s  could have been respons ib le  

f o r  the exudat ive component.

Para in f luenza type 3 v i r a l  ant igens were detected in  

b ro n c h ia l ,  b ro n c h io la r  and a lv e o la r  e p i t h e l i a l  c e l l s .  S p e c i f ic  

s ta in in g  was seen as in t ra c y to p la s m ic  granules o f  ant igen which 

var ied  markedly in s ize and shape. In one case there  were many 

oval and c re s c e n t ic  granules in  a d d i t i o n  to  the more usual round 

ones. In bronchia l  and b ro n c h io la r  ep i the l ium  there  was intense 

s ta in in g  o f  the luminal border o f  the in fe c te d  c e l l s  and v i r a l  

ant igens were present in or on the c i l i a .  Some o f  the la rg e r  

granules of ant igen corresponded to the in c lu s io n  bodies seen by 

s ta in in g  w i th  H&E, In a l l  cases more a n t i g e n -p o s i t i v e  c e l l s  were 

detected than would have been expected from the number o f c e l l s  

con ta in ing  i n c lu s io n  bodies which were detected by convent ional 
s ta i  n i ng.
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FIG. 16: Para in f luenza type 3 v i r a l  i n f e c t i o n  -  the l e f t  lung

from c a l f  H2. There i s  ex tens ive  c o n s o l id a t io n  in  the c ra n ia l  

lobe and the c ra n ia l  pa r ts  o f  the caudal lobe.  There i s  no

marked i n t e r s t i t i a l  emphysema.

FIG, 17: The h is to p a th o lo g ic a l  appearance o f  the les ions  in c a l f

H2. There is  a b r o n c h i o l i t i s ,  w i th  e a r ly  b ro n c h io le c ta s i s ,  and a 

p r o l i f e r a t i v e  p e r ib ro n c h io la r  re a c t io n .

H & E X 40
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FIG. 18: Bronchial e p i the l iu m  in fe c te d  w i th  PI3 v i r u s  in  c a l f

H2. There are spaces in  the e p i the l iu m  con ta in in g  c e l l u l a r  

debr is  and n e u t ro p h i ls  (blue ar row) .  The e p i the l ium  is  

d y s p la s t i c  and h y p e rp la s t i c .  Increased numbers o f  lymphocyt ic  

c e l l s  are present in the lamina p ro p r ia .

H & E X 250

FIG. 19: B ronch io la r  e p i the l ium  in fe c te d  w i th  PI3 v i rus  in  c a l f

H2. There is  dysp las ia  and hyperp las ia  o f the e p i the l ium  and 

e o s in o p h i l i c  in t ra c y to p la s m ic  in c lu s io n  bodies can be seen in  

some c e l l s  (red arrows) . Increased numbers of plasma c e l l s  and

lymphocytes are present in  the lamina p ro p r ia .  Neut roph i ls  are 

present in the ep i the l ium  and in the lumen.

H & E X 400
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FIG. 20: Bronchial  e p i the l iu m  in fe c te d  w i th  PI3 v i r u s  In c a l f

112. V i ra l  ant igens can be seen in  the e p i t h e l i a l  c e l l s .  Some o f  

the large granules of v i r a l  ant igen correspond to  the 

e o s in o p h i l i c  in t ra c y to p la s m ic  i n c lu s io n  bodies seen in  sec t ions  

s ta ined w i th  H & E (blue arrow).  In some c e l l s  there  is  intense 

s ta in in g  o f  the c i l i a  on the luminal border (red a r row) .

BNF - f i x e d  convent ional se c t io n ,  FITC x 400

FIG. 21: An adjacent sec t ion  to  th a t  in F ig .  20 which was

s ta ined fo r  RS v i r a l  an t igens.  N o t e  the abscence of s p e c i f i c  

i n t ra cy to p la sm ic  s ta in in g

BNF -  f i x e d  convent ional se c t io n ,  FITC x 400
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FIG. 22: Para in f luenza type 3 v i r a l  i n f e c t i o n  - the l e f t  lung

from c a l f  HI. There is  c o n s o l id a t io n  in  the c ran ia l  lobe and in 

the c ran ia l  pa r t  of  the caudal lobe. I n t e r s t i t i a l  emphysema is  

present in  the caudal lobe but there  are no la rge  bu l lae  of gas. 

In a d d i t io n  to PI3 v i r u s ,  P as teu re l la  mu ltoc ida was is o la te d  from 

the conso l ida ted  areas.

FIG. 23: The h is to p a th o lo g ic a l  appearance of the les ions  in the

l e f t  c ran ia l  lung lobe o f  c a l f  HI. There is  a severe acute 

exudat ive  reac t ion  w i th  la rge  numbers o f  n e u t ro p h i ls  and a few 

macrophages in the a lv e o la r  a i rspaces .  Two syncy t ia  are p resent,  

n e i th e r  o f  which is  obv ious ly  attached to  the e p i th e l iu m  (blue 

arrows). They have p e r ip h e r a l l y  placed nuc le i  and r e l a t i v e l y  

abundant cytoplasm. Ce l ls  l i k e  these conta ined PI3 v i r a l  

an t igens.

H & E X 400
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INTRODUCTION

U nt i l  re c e n t ly  i s o la te s  o f  RS v i ru s  obtained from c a t t l e  in 

the U.K. have produced on ly  m i ld  c l i n i c a l  disease and fev/

pa tho log ica l  les ions  when used to  i n f e c t  calves e xper im en ta l ly  

(Jacobs and Edington, 1975; Thomas and o th e rs ,  1977),

Experimental  i n f e c t i o n s  w i th  PI3 v i r u s  have produced va r ia b le

degrees o f  c l i n i c a l  i l l n e s s  and o f  p a th o lo g ica l  le s io n s .

Experiments by Dawson and others (1965) resu l ted  in m i ld  c l i n i c a l  

disease ye t  moderately ex tens ive  pulmonary les ions  were produced in 

some animals, Qnar and others (1966) were able to  produce

s i g n i f i c a n t  c l i n i c a l  disease and pulmonary les ions  using t h e i r  

s t r a i n  of PI3 v i r u s .  Thomas and others (1977) were able to i n f e c t  

animals w i th  PI3 v i ru s  but t h i s  d id not r e s u l t  in s i g n i f i c a n t  

c l i n i c a l  signs of r e s p i r a to r y  disease.

The p o te n t ia l  d i f f i c u l t i e s  in producing disease by 

experimental  i n f e c t i o n s  w i th  these v i ruses  were poin ted out by 

S to t t  and others (1978). Dose and v i ru lence  of v i r u s ,  route of 

i n o c u la t io n  and s u s c e p t i b i l i t y  o f  the experimental  animals were 

thought to  be impor tan t  v a r ia b le s .  In a d d i t i o n ,  they suggested

th a t  i n t e r c u r r e n t  i n f e c t i o n s ,  f o r  example w i th  b a c te r ia ,  could be 

necessary fo r  the development of severe disease as seen n a t u r a l l y .  

I t  seemed l i k e l y  t h a t  f a i l u r e  to  produce c l i n i c a l  r e s p i r a to r y  

disease c o n s is te n t l y  merely  r e f l e c te d  the lack o f  knowledge of the 

"ap p rop r ia te  c o n d i t i o n s "  under which to  ca r ry  out experimenta l  
i n f e c t i o n s .

Recently ,  by o p t im is in g  the p o te n t ia l  v a r ia b le s ,  Bryson and 

o thers (1979b) were ab le to  c o n s is t e n t l y  produce s i g n i f i c a n t  

c l i n i c a l  disease and p a th o lo g ica l  les ions  in experimental  calves

using a s t r a i n  o f  PI3 v i ru s  i s o la te d  in  Northern I re la n d .  They

a t t r i b u t e d  t h e i r  success to  using repeated doses o f  low-passage 

v i ru s  in s u s c e p t ib le ,  co los t rum -depr ived  ca lves .  I t  was f e l t  t h a t  

these cond i t ions  r e f l e c te d  na tura l  exposure more accu ra te ly  than 

those in  so ,e o f  the previous experiments by o ther  workers. Using 

s i m i l a r  procedures they s u c c e s s fu l l y  in fec ted  calves w i th  a s t r a i n
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o f  bovine RS v i r u s  and again were able to produce s i g n i f i c a n t ,  

sometimes severe, c l i n i c a l  disease and extensive pulmonary les ions  

{Bryson and o the rs ,  1982).

At the t ime when the RS v i r a l  i n f e c t i o n s  described in  t h i s  

th e s is  were c a r r ie d  out the on ly  s t r a i n  o f  v i r u s  which was 

a v a i la b le  ( the Compton s t r a i n )  had been repeated ly  passaged, in 

t i s s u e  c u l t u r e .  I t s  growth c h a r a c t e r i s t i c s  were poor w i th  slow 

development of c y to p a th ic  changes and r e l a t i v e l y  low y i e l d s  of 
i n f e c t i o u s  v i r u s  (104 t o  105 TCIDgo/ml). Neverthe less, i t  was 

impor tan t  to  t r y  and i n f e c t  calves exper im enta l ly  w i th  t h i s  v i rus  

in  order  to  t e s t  the methods o f  recovery o f  v i r u s  from 

nasopharyngeal swabs and t i s s u e s .  As experimental  i n f e c t i o n s  w i th  

RS v i ru s  by o ther  authors had produced only  m i ld  c l i n i c a l  and

p a tho log ica l  responses, i t  was decided to  t r y  and increase the

s u s c e p t i b i l i t y  o f  the lung to  v i r a l  damage by i n f e c t i o n  w i th  the 

c a t t l e  lungworm Dic tyocau lus v i v i pa rus . I t  was f e l t  t h a t  combined 

i n f e c t i o n  w ith  both RS v i ru s  and D . v i v i parus could r e s u l t  in more

severe damage than i n f e c t i o n  w i th  e i t h e r  agent alone. In one

experiment (A) the v i r a l  inoculum preceded the p a ra s i te  inoculum

and in  the o ther  (B) t h i s  order was reversed. Whether or not 

synergism between these two agents occurs under na tu ra l  condi tons 

i s  not c le a r .  No cases o f  dual i n f e c t i o n  were detected in the

f i e l d  i n v e s t i g a t i o n s ,  however, RS v i r a l  i n f e c t i o n  was seen in

su ck le r  calves which had been at grass. Although i t  is  u n l i k e l y  

t h a t  these animals had ingested s u f f i c i e n t  la rvae to  cause c l i n i c a l  

disease they could have had some t i s s u e  damage due to  the
p a ra s i te .

Experimental  animals were obta ined from farms in  the West o f  

Scot land which had no h i s t o r y  o f  severe r e s p i r a to r y  disease. A l l  

animals were screened f o r  serum n e u t r a l i s i n g  ant ibody to  RS v i ru s  

using the t e s t  described in Sect ion Two. U n fo r tuna te ly  i t  was not 

poss ib le  to  f i n d  animals which were f ree  o f  an t ibody  to  RS v i r u s ,  

even those which were th ree  of fou r  months o f  age. At t h i s  t ime 

one would *^ave expected an t ibody der ived from co lost rum to  have
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dec l ined to  n e g l i g i b l e  l e v e l s .  Finding ant ibody could mean e i t h e r  

t h a t  there  i n i t i a l  t i t r e  a f t e r  co lost rum in take  had been high or 

t h a t  they had been exposed to  F̂S v i r u s .  This could have reduced 

the c l i n i c a l  and p a th o lo g ic a l  e f f e c t s  o f the experimenta l  

i n f e c t i o n s ,  al though some authors have reported th a t  experimental  

I n fe c t i o n s  in ca lves w i th  serum ant ibody have produced more severe 

disease than in  those w i th o u t  (Smith and o the rs ,  1975).

In December 1980 a s t r a i n  o f PI3 v i r u s  was i s o la te d  from the 

lungs o f  a c a l f  w i th  severe pneumonia (see se c t io n  Three, Outbreak 

H). An i n o c u la t io n  procedure s i m i l a r  to  th a t  descr ibed by Bryson 

and o thers  (1979b) was used to  i n f e c t  calves w i th  t h i s  v i r u s .  In 

a d d i t i o n  v i r a l  e x c re t io n  and the r e la t i o n s h ip  between v i r a l  

ant igens and the h is to p a th o lo g i c a l  fea tu res  in in fe c te d  lungs was 

s tu d ied .  Groups of two weeks o ld (experiment C) and fou r  months 

o ld  (experiment D) calves were used.
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RS VIRAL INFECTIONS

EXPERIMENT A

In t r o d u c t i  on

The ob jec t  o f t h i s  experiment vas to  i n f e c t  a def ined

segment of the lung w i th  RS v i ru s  and then to  i n i t i a t e  t i s s u e  

damage in  t h i s  area by i n f e c t i o n  w ith  D ictyocaulus v i v i pa rus .

Resp i ra to ry  s y n c y t ia l  v i r u s  can be present in  the lungs of calves 

f o r  up to  21 days a f t e r  an experimental  i n f e c t i o n  (Mohanty and 

o th e rs ,  1975). Damage to  the lung caused by D .v iv ip a ru s  s ta r t s  a t  

approx imate ly  seven to  ten days a f t e r  i n f e c t i o n  so in  t h i s  

experiment i t  was hoped th a t  RS v i ru s  would s t i l l  be present in the 

lung when damage was being produced by the p a ra s i t e .  This could

r e s u l t  in  a p o t e n t i a t io n  o f  the pathogenic e f f e c t  o f  the v i r u s ,

making the v i r a l  les ions  more ex tens ive .

The area of the lung chosen f o r  i n f e c t i o n  w i th  the v i ru s  v/as 

the r i g h t  caudal lobe.  An endobronchial  c a th e te r  could r e a d i l y  be 

in t roduced i n to  t h i s  reg ion using a f i b r e o p t i c  endoscope as 

descr ibed In  Sect ion Two.

EXPERIMENTAL DESIGN

Experimental  Animals

Five th ree  months o ld  ca lves (EAl t o  EA5) were used in t h i s  

experiment .  A l l  had been housed since b i r t h  and none had been 

vaccinated aga inst  p a r a s i t i c  b r o n c h i t i s .  The ir  re c ip ro ca l  

n e u t r a l i s i n g  ant ibody t i t r e s  to RS v i r u s  were less than 500 p r i o r  

to  v i r a l  i n f e c t i o n .

Experimental  Protocol

On d y 0 o f  the experiment th ree  calves (EAl,  EA2 and EA3) 

were each inocu la ted  endobronchial  l y  w i th  20ml o f  a suspension of
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RS v i r u s .  Tv/o calves (EA4 and EA5) were each inocu la ted  w i th  20ml 

o f  t i s s u e  c u l t u re  medium. For In o c u la t io n  the calves were sedated 

w i th  xy laz ine  (Rompun, Bayer) admin is te red by in t ravenous 

i n j e c t i o n .  They were then re s t ra in e d  in  l a t e r a l  recumbency on 

t h e i r  r i g h t  side w i th  head and neck extended. A f i b r e o p t i c  

endoscope (Olympus Ins t ruments)  was in t roduced i n t o  the r i g h t  

ve n t ra l  nasal meatus and passed v ia  the la rynx  and trachea in t o  the 

r i g h t  caudal bronchus. A s t e r i l e  f l e x i b l e  ca th e te r  was then passed 

down the endoscope and advanced as f a r  as poss ib le  i n t o  the

bronchus. When in  p o s i t i o n  the inoculum was s low ly  i n je c te d

through the ca th e te r  i n t o  the r i g h t  caudal lung lobe over a per iod

o f  two minutes. The endoscope were then removed and the c a l f  was

al lowed to  recover.

On day 4 of the experiment  fo u r  calves (EA2, EA3, EA4 and 

EA5) were i n f e c te d ,  per os, w i th  D. v i v i parus t h i r d  stage la rv a e .  

A l l  calves were s laughte red on day 20.

V i ra l  inoculum

The v i r a l  inoculum was prepared from a stock suspension o f  

the Compton S t ra in  o f  bovine RS v i r u s .  Freshly  monolayered FBK 

c e l l s  in  2 l i t r e  r o l l i n g  b o t t l e s  were inocu la ted  w i th  t h i s  v i ru s  at 

a m u l t i p l i c i t y  o f  i n f e c t i o n  o f  0.1 TCIOgg/ce l l .  A f t e r  adsorbing 

f o r  one hour a t  37°C the inoculum was removed and the c e l l  sheet 

was washed tw ice  w i th  EFCO, Fresh EFC5 (150ml) was added and 

incuba t ion  was cont inued at 37°C f o r  24 hours. The medium was then 

changed and incu b a t io n  was cont inued u n t i l  maximum cpe had 

developed. The c e l l s  were then scraped i n t o  the medium and were 

s to red  in  a l i q u o t s  a t  -70°C. A p o r t io n  was kept f o r  t i t r a t i o n  and 

was checked f o r  v i r a l ,  b a c te r ia l  and mycoplasmal con tam ina t ion .

When required a l i q u o t s  were thawed and were ce n t r i fu g e d  at 

3000g f o r  10 minutes a t  4^C to  remove c e l l  d e b r is .  The supernatant 

was used as inoculum. The t i t r e  o f  the inoculum was lO^TCIDgo/ml 

and 20ml o f  t h i s  was adm in is te red .  The t o t a l  amount o f  v i ru s  given 

was loG.3 TCID50 . The co n t ro l  calves were inocu la ted  w i th
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un in fec ted  t i s s u e  c u l t u r e  medium prepared from FBK c e l l s  in  the

same manner as the v i r a l  inoculum.

P aras i te  inoculum

Faeces from calves w i th  pa ten t  D.vi  v i  parus i n f e c t i o n  was

c o l l e c te d .  F i r s t  stage la rve  of the p a ras i te  were harvested using 

the Baermann technique (La Page, 1962). The la rvae  were then 

c u l tu re d  by incuba t ion  in  a shal low la y e r  o f water f o r  f i v e  to

seven days a t  26°C. During t h i s  t ime development i n t o  the 

i n f e c t i v e  t h i r d  stage (L3) took p lace.  Viable la rvae  were counted 

and an inoculum co n ta in in g  3.10^ D.vi  v iparus L3 was prepared f o r  

i n o c u la t io n  of the experimenta l  ca lves .

Sampling o f  Calves

Nasopharyngeal swabs f o r  v i r a l  i s o l a t i o n  and blood samples

f o r  sero logy were taken from a l l  o f  the calves on day 0 .

The rea f te r  nasopharyngeal swabs were taken from calves FA2, EA3, 

EA4 and EA5 on days 2, 4, 6 , 8 , 10, 12, 14 and 16. Blood samples

were taken from a l l  ca lves at s lau g h te r  on day 20 .

RESULTS

C l i n i c a l  F indings

Cal f  EAl died one hour a f t e r  i n o c u la t io n  w i th  v i ru s  on day 

0. Death occurred dur ing recovery from sedat ion w h i l s t  not under 

observa t ion  by a c l i n i c i a n .  In calves EA2, EA3, EA4 and EA5 the re  

were no s i g n i f i c a n t  c l i n i c a l  s igns u n t i l  day 14. A f t e r  t h i s  t ime 

they became in c re a s in g l y  tachypnoeic  and hyperpnoeic and coughed

f r e q u e n t l y .  From day 18 a d v e n t i t io u s  sounds, c rack les  and 

occasional squeaks, were heard in  the caudal areas o f  both lung 
f i e l ds.
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Patho log ica l  Findings 

Cal f  EAl

Gross: There was congest ion and oedema o f  the lungs w i th  f r o th y

oedema f l u i d  in the trachea and major b ronch i .  There was a 

segmental area of o v e r i n f l a t i o n  and i n t e r s t i t i a l  emphysema 

extending from the loba r  bronchus to  the caudal border of the r i g h t  

caudal lobe (F ig .  24). On cross sect ion  t h i s  area was severe ly  

congested and oedematous w i th  gas present in the i n t e r l o b u l a r  

septae.

Microscop ic :  Ihere was a lv e o la r  o v e r i n f l a t i o n  w i th  patchy

congest ion and oedema. Oedema f l u i d  was present in the lumen and 

in  the lamina p ro p r ia  o f  the major airways. The lymphatics

conta ined oedema f l u i d  and mononuclear c e l l s  and a few n e u t ro p h i ls  

were present in  some blood vessels . There were occasional 

aggregates o f  lymphoid c e l l s  in  p e r ib ro n ch ia l  and p e r ib ro n c h io la r

t i s s u e s .  No i n c lu s io n  bodies or e p i t h e l i a l  syncy t ia  were seen in 
any o f  the sec t ions  examined.

Immunofluorescence: Sect ions o f  lung were negat ive  f o r  RS v i r a l

and PI3 v i r a l  an t igens.

Calves EA2, EA3, EA4 and EA5

The les ions  in  these calves were s i m i l a r .

Gross: There were areas o f  o v e r i n f l a t i o n  and c o n so l id a t io n  in both

caudal lobes and in  the accessory lobe.  Consol idated areas were 

s l i g h t l y  ra ised above the sur face of normal lung and had a mot t led  

su r face .  On cross sec t ion  the les ions  were congested and s l i g h t l y  

oedematous w i th  f r o th y  mucopus exuding from cut b ronch i .  A few 

small lungworms were present in  the lobar  bronchi o f  the caudal 
1 obes.
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Microscop ic :  There was congest ion and oedema, a lv e o la r  co l lapse

and a lv e o la r  o v e r i n f l a t i o n .  A patchy i n f i l t r a t e  o f macrophages, 

n e u t ro p h i ls  and e os inoph i ls  was present in a l v e o l i .  A few syncy t ia  

w i th  p e r ip h e ra l l y  placed nuc le i  and abundant cytoplasm were seen in  

a lv e o la r  a irspaces. None contained e o s in o p h i l i c  i n t ra cy to p la sm ic  

i n c lu s io n  bodies or were c o n v in c in g ly  p a r t  o f  the a lv e o la r  

e p i th e l iu m .  The a lv e o la r  e p i the l iu m  was f o c a l l y  h y p e rp la s t i c .  The 

b ro n c h io la r  e p i the l iu m  was d y s p la s t i c  and h y p e rp la s t i c  but no 

i n c lu s io n  bodies were seen in  the e p i t h e l i a l  c e l l s .  There were 

aggregates o f  lymphocytes, plasma c e l l s  and a few eos in o p h i ls  in  

p e r ib r o n c h io la r  t i s s u e s .  There was a marked b r o n c h i t i s  w i th  

e p i t h e l i a l  dysp las ia  and increased numbers o f  lymphocyt ic  c e l l s  and 

e os inoph i ls  in the lamina p ro p r ia .  Neutroph i ls  were seen between 

e p i t h e l i a l  c e l l s ,  Lungworms were present in the l a rg e r  b ronch i .

Immunofluorescence: Tissues from each lung lobe o f  each animal

were examined f o r  RS v i r a l  and PI3 v i r a l  an t igens .  A l l  were 
negat i  ve.

M ic ro b io lo g ic a l  Findings

No v i ruses  were recovered from any o f  the nasopharyngeal 

swabs examined or from any of the t issues  examined at post-mortem.

Sero log ica l  Findings

The rec ip roca l  n e u t r a l i s a t i o n  t i t r e  to  RS v i r u s  in paired 

sera from these ca lves is  presented in  Table 24. Calves EA2 and 

EA3 seroconverted to  RS v i r u s .  A l l  calves had serum ant ibody at 
the beginning o f  the exper iment .
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Table 24: N e u t ra l i s a t io n  t i t r e  to  re s p i r a to r y  syn cy t ia l  v i ru s  in

pa ired sera from the calves in  Experiment A.

Cal f

Number 0

Day o f  Experiment 

20 CF

EAl 160 NS -

EA2 50 250 5.00
EA3 200 420 2 .1 0

EA4 100 90 0.90

EA5 120 85 0.71

CF = Conversion Factor
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Pi S C U S S 1 o n

The o b je c t  o f t h i s  experiment was to  i n f e c t  a def ined 

segment o f  the lung w i th  RS v i ru s  and then to  i n i t i a t e  t i s s u e  

damage in  t h i s  area by i n f e c t i o n  w i th  D.vi v ip a r u s . The area o f  

lung to  be in fe c te d  w i th  v i r u s  was i d e n t i f i e d  by endoscopy so th a t  

i t  could be s p e c i f i c a l l y  sampled at post-mortem. Calves were not 

k i l l e d  u n t i l  day 20 in  order  to  a l lo w  s u f f i c i e n t  t ime f o r  a 

se ro lo g ica l  response to  develop.

The serum ant ibody t i t r e s  to RS v i ru s  in calves EA2 and EA3 

rose a f t e r  endobronchial  i n o c u la t io n  whereas those in the con t ro l  

ca lves (EA4 and EA5) f e l l .  In c a l f  EA2 there  was a s i g n i f i c a n t  

f o u r - f o l d  or  g rea te r  r i s e  in  t i t r e  and in  c a l f  EA3 a tw o - fo ld  

r i s e .  Despite the lack o f  a s i g n i f i c a n t  seroconversion in Ca l f  EA3 

the r i s i n g  t i t r e s  suggest th a t  both calves became in fe c te d  w i th  RS 

v i r u s .  As no v i r u s  was recovered in nasopharyngeal swab i n f e c t i o n  

must have been l im i t e d  to  the lower r e s p i r a to r y  t r a c t .  However, a t  

post-mortem examinat ion no v i ru s  could be de tected, by e i t h e r  

i s o l a t i o n  or immunofluorescence, in  the lung and the re  were no 

pa th o lo g ica l  les ions  which could be a t t r i b u t e d  s p e c i f i c a l l y  to RS 

v i r a l  i n f e c t i o n .  There are several  poss ib le  reasons f o r  t h i s ,  some 

o f  which might be o f  s i g n i f i c a n c e  in  e xp la in in g  the d i f f i c u l t i e s  

encountered in  the d iagnos is  o f  na tu ra l  r e s p i r a to r y  disease 

outbreaks. V i ra l  i n f e c t i o n  in the lower r e s p i r a to r y  t r a c t  may not 

n e ce ssa r i l y  be r e f l e c te d  by i n f e c t i o n  in the upper r e s p i r a to r y  

t r a c t .  In t h i s  experiment RS v i r u s  was known to  be present in the 

lung but t h i s  was not r e f l e c te d  by v i r a l  i s o l a t i o n s  from 

nasopharyngeal swabs. Against t h i s  the route o f  i n f e c t i o n  was not 

na tu ra l  and whether RS v i r a l  i n f e c t i o n  o f  the lung w i thou t  

i n f e c t i o n  in  the nasopharynx can occur n a t u r a l l y  is  not c le a r .  In 

t h i s  ins tance there  was no evidence o f  t r a n s f e r  o f  v i r u s  between 

the two s i t e s .

In experimental  i n f e c t i o n s  RS v i r u s  may be present in  the 

lung 21 days a f t e r  i n f e c t i o n  (Mohanty and o th e rs ,  1975), a l though
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how f re q u e n t ly  t h i s  i s  the case is  not c le a r .  In most cases v i ru s  

has been recovered on ly  up to  day 10 or  14 a f t e r  experimental  

i n f e c t i o n  (Jacobs and Edington, 1975; Bryson and o th e rs ,  1982). 

Bearing t h i s  in  mind i t  may not be s u rp r i s in g  th a t  v i ru s  was not 

present  in the lungs of the experimental  calves EA2 and EA3 20 days 

a f t e r  i n f e c t i o n .  A lso, by t h i s  t ime both calves had inc reas ing  

amounts of serum ant ibody and t h i s  may have precluded i s o l a t i o n  o f  

v i ru s  as suggested by Wellemans (1977). However, no v i r a l  ant igens 

were found using immunofluorescent s t a in in g ,  a te s t  which should 

not be a f fe c te d  by the presence o f  ant ibody as on ly  i n t r a c e l l u l a r  

ant igens are de tected. I t  is  more l i k e l y ,  t h e re fo r e ,  th a t  the

v i ru s  had been e l im in a te d  by t h i s  t im e .

The les ions  present  a t  day 20 could not be s p e c i f i c a l l y  

a t t r i b u t e d  to  RS v i r a l  i n f e c t i o n .  There were a number o f  syncy t ia  

present in  the a l v e o l i  but these did not con ta in  RS v i r a l

an t igens .  Mohanty and others  (1975) considered m u l t i  nucleated 

g ia n t  c e l l s  to  be " c h a r a c t e r i s t i c  o f  RS v i r a l  m u l t i p l i c a t i o n " .  

However, these authors d id  not apparent ly  cons ider  th a t  syncy t ia

can be der ived  from d i f f e r e n t  c e l l  types ,  e .g .  e p i t h e l i a  and 

macrophages, and may be present in d i f f e r e n t  pneumonias e .g .  

p a r a s i t i c  b r o n c h i t i s  ( J a r r e t t  and o the rs ,  1957b), PI3 v i r a l  

pneumonia (Omar and o th e rs ,  1966).

The c l i n i c a l  response and pa tho log ica l  les ions  were no 

worse in calves EA2 and EA3 than in  calves EA4 and EA5. I t  d id  

not seem, th e re fo re ,  th a t  damage to  the lung caused by D .v iv ip a ru s  
s i g n i f i c a n t l y  p o te n t ia te d  the pathogenic e f f e c t s  o f  RS v i r u s .

Ca l f  EAl died very q u ic k l y  w i t h in  one hour a f t e r  being 

inocu la ted  w i th  RS v i r u s .  At post-mortem examinat ion there  were 

two types o f  les io n  present in  the lungs. Death was due to  severe 

genera l ised  pulmonary oedema. In a d d i t io n  there  was a lo c a l i s e d  

re a c t io n  a t  the s i t e  o f  v i r a l  i n o c u la t io n  c o n s is t in g  of severe

congest ion and oedema, foca l i n t r a - a l v e o l a r  haemorrhage and 
i n t e r s t i t i a l  emphysema. Emphysema in the bovine probably  develops 

f o l l o w in g  increased airways res is tance  ( P i r i e ,  1978). As the
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emphysema was lo c a l i s e d  then i t  is  l i k e l y  t h a t  the o b s t ru c t i v e  

le s io n  v/as a lso l o c a l i s e d ,  in  t h i s  case to  the segment of lung

inocu la ted  w i th  v i r u s .  In t h i s  area there  was oedema o f  the lamina 

p ro p r ia  o f  the la rg e r  b ro nch i .  There could a lso  have been

bronchospasrn p r i o r  to  death but t h i s  would not be detected 

post-mortem due to  re la x a t i o n  o f  the bronch ia l  muscu lature. The

combinat ion of th ic ke n in g  o f  the lamina p ro p r ia  w i th  oedema f l u i d

and bronchospasrn could have caused s u f f i c i e n t  o b s t ru c t io n  to  a i r  

f low  in  the bronchi o f  t h i s  segment to lead to  the development of 

o v e r i n f l a t i o n  and emphysema. The genera l ised pulmonary oedema is  

more l i k e l y  to  have been caused by a systemic a n a p h y l la c t i c  

re a c t ion  (A i tken  and Sandford, 1969). Both the lo c a l i s e d  and the 

genera l ised  reac t ions  could po ss ib ly  have been caused by an 

absorbed ant igen or ant igens from the in fe c te d  segment. Whether 

these were v i r a l  ant igens or t i s s u e  c u l tu re  medium c o n s t i tu e n ts  

could not be s ta ted  w i th  c e r t a i n t y  but the two ca lves (EA4 and EA5) 

which received t i s s u e  c u l t u r e  medium alone did not react  in t h i s  

way. P r io r  to  i n o c u la t io n  c a l f  EAl had serum ant ibody to  RS 

v i r u s .  This could have been res idua l  maternal ant ibody or 

conce ivab ly  could have re s u l te d  from a previous RS v i r a l  i n f e c t i o n  

which might have s e n s i t i s e d  the animal to f u r t h e r  exposure to RS 

v i r u s .  I t  is  i n t e r e s t i n g  to  note t h a t  some calves dying of na tu ra l  

RS v i r a l  i n f e c t i o n  (Holzhauer, 1978; P i r i e  and o th e rs , 1981a) have 
some o f  the fea tu res  present in  t h i s  experimental  c a l f ,  namely 

emphysema, oedema and a b ronch ia l  le s io n .
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EXPERIMENT B

In t r o d u c t i  on

The ob jec t  o f t h i s  experiment was to  see whether calves in 

which the re  was p r e - e x i s t i n g  lung damage were more su sce p t ib le  to  

the pathogenic e f f e c t s  o f RS v i r a l  i n f e c t i o n .  Pulmonary damage was 

induced by i n f e c t i n g  the calves w i th  D .v i v ip a r u s . When the les ions  

had reached maximum s e v e r i t y  RS v i r u s  v/as admin is te red by repeated 

in t ra -n a s a l  and i n t r a - t r a c h e a l  i n o c u la t io n s .  This was thought  to  

r e f l e c t  natu ra l  exposure more accu ra te ly  than a s in g le  la rge

i noculurn.

EXPERIMENTAL DESIGN 

Experimental  Animals

S ix , fou r  months o ld  ca lves (EBl to  EB6 ) were used in t h i s

exper iment .  A l l  had been housed since b i r t h  and none had been

vaccinated against p a r a s i t i c  b r o n c h i t i s .  Their  rec ip ro ca l  an t ibody  

t i t r e s  to RS v i ru s  were less than 500 p r i o r  to  v i r a l  i n o c u la t io n .

Experimental  Protocol

The calves were d iv id e d  in t o  th ree groups (Groups 1, 2 and

3). Groups 1 and 2 were housed to g e th e r .  The day on which v i r a l

i n o c u la t io n s  commenced was considered day 0 and a l l  t im ings  are

given r e l a t i v e  to  t h i s  da te .  A l l  ca lves were inocu la ted  tw ice

d a i l y  on th ree  successive days.

Group 1 (ca lves EBl and EB2): these were inocu la ted  w i th

3.103 D.vi  v i  parus 36 days p r i o r  to  day 0. They a lso rece ived RS 

v i  rus.

Group 2 (ca lves EB3 and EB4): these received RS v i r u s  on ly .
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Group 3 (calves EB5 and EB6 ) : these received t issu e  c u l t u re
medium from FBK c e l l s  prepared and admin is tered in  the same way as 

the  v i r a l  inoculum.

V i ra l  inoculum

The Compton s t r a i n  o f  bovine RS v i ru s  was used as prepared

f o r  experiment A. Twice d a i l y  on th ree  successive days Groups 1

and 2 rece ived 10ml v i r a l  inoculum i n t r a - n a s a l l y  and 10ml
i n t r a - t r a c h e a l l y , The t o t a l  amount o f  v i ru s  given was 10^.25

TClDgo.

Paras ite  inoculum

3.1Q3 D .v iv ipa rus  L3 la rv a e ,  prepared as fo r  experiment A.

Sampling o f  Calves

Nasopharyngeal swabs f o r  v i r a l  i s o l a t i o n  and blood samples 

f o r  serum were taken from each c a l f  p r i o r  to  v i r a l  i n o c u la t io n  on 

day 0. Therea f te r  nasopharyngeal swabs were taken on days 

4, 6 , 8 , 12, 15 and 19. The calves were slaughtered on day 21. 

Blood samples f o r  serum and t issu e s  f o r  pa tho log ica l  and 

m ic ro b io lo g ic a l  examinat ion were taken at t h i s  t ime.

RESULTS

C l i n i c a l  Findings

Group 1: P r io r  to  being ino cu la te d  w i th  D.vi  v i  parus t h e i r

r e s p i r a to r y  rates and re c ta l  temperatures were w i t h in  the normal 

range. Seven days a f t e r  i n o c u la t io n  w i th  D.vi  v iparus t h e i r  

r e s p i r a to r y  ra tes began to  r i s e  u n t i l ,  at the t ime of i n o c u la t io n  

w i th  RS v i r u s ,  the calves were markedly tachypnoeic (EBl 78/min and 

EB2 84/min) hyperpnoeic and were coughing f r e q u e n t ly .  They were 
on ly  s l i g h t l y  p y re x ic  (1 0 3 .5°F).  A f t e r  being given RS v i ru s  t h e i r  

r e s p i r a to r y  ra tes  stayed f a i r l y  cons tan t .  Nine days a f t e r
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I n f e c t i o n  w i th  RS v i ru s  c a l f  EBl became dyspnoeic and d ied.

Group 2: The re s p i r a to r y  ra tes  and rec ta l  temperatures of

these calves stayed w i t h in  the normal range throughout the 

exper iment .  Both calves developed a s l i g h t  serous nasal discharge 

3 days a f t e r  i n f e c t i o n  w i th  RS v i r u s .

Group 3: These calves remained c l i n i c a l l y  normal throughout

the experiment.

Patho log ica l  F ind ings

Group 1

The gross and microscop ic  f i n d in g s  in  these two calves were s i m i l a r  

a l though more ex tens ive  in  c a l f  EBl, which died as a r e s u l t  o f  

r e s p i r a to r y  disease.

Gross: Ihere was co n s o l id a t io n  in the caudal lung lobes and also

in  the c ra n ia l  and the middle lobes .  Consol idated areas were 

s l i g h t l y  co l lapsed and f i rm  to  cu t .  Adjacent normal lobu les  were 

s l i g h t l y  o v e r in f l a t e d  and the re  was gas in the i n t e r l o b u l a r  

septae. On cross sec t ion  mucopus exuded from cut bronchi and large 

numbers o f  mature D.vi  v i  parus were present in the loba r  b ronch i .

M ic roscop ic :  There was a lv e o la r  co l lapse  and congest ion w i th  fo c i

o f  n e u t ro p h i l s ,  eos in o p h i ls  and macrophages present in a lv e o la r  

spaces. Macrophage-type syn cy t ia  were present in some a lv e o la r  

areas. The a lv e o la r  e p i th e l iu m  was markedly h y p e r p l a s t i c , 

e s p e c ia l l y  in  c a l f  EBl. No e p i t h e l i a l  syncy t ia  or in c lu s io n  bodies 

were seen in  e i t h e r  an imal.  There was a marked b r o n c h i o l i t i s  w i th  

in f lammatory  c e l l s  p lugging the lumen and n e u t ro p h i l s  were present 

between e p i t h e l i a l  c e l l s .  The e p i the l iu m  was d y s p la s t i c  and 

f o c a l l y  n e c r o t i c .  There was a m ix tu re  o f  e o s in o p h i l s ,  lymphocytes 

and plasma c e l l s  in  the p e r ib r o n c h io la r  t i s s u e s .  In some areas 

the re  were aggregates o f  lymphocytes in p e r ib ro n c h io la r  and in  

p e r ib ro n ch ia l  t i s s u e s .  There was a severe b r o n c h i t i s  w i th
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e p i t h e l i a l  d ysp la s ia .  N eu t roph i ls  and e os inoph i ls  were present 

between e p i t h e l i a l  c e l l s .  The lamina p rop r ia  was oedematous and 

conta ined excess numbers o f  lymphocytes, plasma c e l l s  and 

e o s in o p h i l s .  Occasional lungworms were present in  the b ronch i .  In 

the  c ra n io ve n t ra l  pa r ts  of the caudal lobes in  c a l f  EBl the re  were 

l o b u la r  areas o f  parenchymal n e c ros is .

The t rachea l  and nasal e p i t h e l i a  were d y s p la s t i c  w i th  

n e u t ro p h i ls  and e os inoph i ls  between the c e l l s  and excessive numbers 

o f  lymphocytes and plasma c e l l s  in  the lamina p ro p r ia .

Immunofluorescence: No RS o r  PI3 ant igens were detected in  the

lungs and trachea o f  these ca lves .

Group 2

The changes in the two calves in  t h i s  group were s i m i l a r .

Gross: The lungs were s l i g h t l y  o v e r - i n f l a t e d ,  e x p e c ia l l y  in the

caudal lobes. In view o f  the gross appearance a sample o f  

b ronch ia l  mucus was taken and was found to  con ta in  immature 

D.v i  v i  parus la rva e .

M ic roscop ic :  There was b r o n c h i t i s  and b r o n c h i o l i t i s  w i th  plasma

c e l l s  and eos in o p h i ls  around the a irways. There were areas of 

a l v e o la r  co l lapse  w i th  congest ion and oedema. A few macrophages 

and eos inoph i ls  were present in the a lv e o la r  a i r  spaces.

Immunofluorescence: No RS o r  PI3 v i r a l  ant igens were detected in

the  lungs and trachea o f  these ca lves .

Group 3

There were no macroscopic or m icroscop ic  les ions  in  the lungs o f  

these animals and no RS o r  PI3 v i r a l  ant igens were detected by 
immunofluore„cence.
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M ic ro b io lo g ica l  Findings

Resp ira to ry  syn cy t ia l  v i r u s  was is o la te d  from nasopharyngeal 

swabs as ind ica ted  in  Table 25. The v i rus  v/as also recovered from 

the t rachea, but not from o ther  t i s s u e s ,  o f  c a l f  EBl.

Sero log ica l  Findings

The n e u t r a l i s a t i o n  t i t r e  to  RS v i ru s  in  paired sera from 

these calves is  presented in  Table 26. Calves EB2 and EB4

seroconverted to  RS v i r u s .  In c a l f  EB3 the t i t r e  o f ant ibody rose 

but not s i g n i f i c a n t l y .
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Table 25: The i s o l a t i o n  of r e s p i r a to r y  s y n c y t ia l  v i ru s  from

masopharyngeal swabs from the calves in  Experiment B

Cal f

Number 0 4

Day of Experiment 

6 8 12 15 19

EBl - + + w. - -

EB2 - + + + - - -

EB3 - + + - - -

EB4 + + + - - -

EB5 - - - - - - -

EB6 - - - - - - -

+ RS vi  rus i so la ted  

-  RS v i ru s  not i s l o l a t e d

N e u t ra l i s a t io n t i t r e  to  r e s p i r a to r y syncy

from the calves in Experiment B

Day o f  Experiment

C a l f

Number 0 21 CF

EBl 320 NS

EB2 140 680 4.85

EB3 250 950 3.80

EB4 180 800 4.44

EB5 150 100 0 .6 6

EB6 400 120 0.30

CF = Conversion Factor  

NS = No sample
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Ü1 scu ss ion

A n  calves chal lenged w i th  RS v i ru s  were s u c c e ss fu l l y  

i n f e c te d .  Virus was present in  nasal secre t ions  fo r  at l e a s t  e ig h t  

days a f t e r  i n f e c t i o n  and the calves responded s e r o lo g i c a l l y .  These 

f in d in g s  are s i m i l a r  to  those in  experimental  i n f e c t i o n s  by o ther  

authors in which a s in g le  inoculum was given (Jacobs and Edington, 

1975). Thus repreated i n o c u la t io n s  d id not seem to  pro long the 

per iod of v i r a l  shedding s i g n i f i c a n t l y .  On day 21 no v i ru s  could 

be detected by e i t h e r  i s o l a t i o n  or immunofluorescence in the lungs 

o f  th ree s u c c e ss fu l l y  in fe c te d  ca lves .  This i s  in  co n t ra s t  to the 

f i n d in g s  o f  Mohanty and o thers  (1975),

Severe c l i n i c a l  disease was produced on ly  in  those ca lves 

given D . v i v i parus and RS v i r u s .  One c a l f  (EBl) died nine days 

a f t e r  i n i t i a l  v i r a l  i n f e c t i o n  and v i ru s  was i s o la te d  from the 

trachea at post-mortem examinat ion. There was no s p e c i f i c  evidence 

o f  v i r a l  i n f e c t i o n  o f  the lung and the p a tho log ica l  les ions  present 

were those usua l ly  associa ted w i th  D . v i v i parus i n f e c t i o n .  Certa in  

fe a tu re s ,  however, could a lso  have been due to  v i r a l  i n f e c t i o n  

e .g .  a l v e o la r  e p i t h e l i a l  h yperp las ia ,  b ro n c h io la r  e p i t h e l i a l  

damage, and i n t e r s t i t i a l  emphysema (Omar, 1964; Holzhauer and van 

Nieuwstadt,  1976). This h ig h l i g h t s  the d i f f i c u l t i e s  in  
I n f e r r i n g  a e t io lo g y  from the morphological appearance o f  a l e s io n .  

Ca l f  EBl had a severe lungworm i n f e c t i o n .  In the absence of 

s p e c i f i c  evidence o f  RS v i r a l  i n f e c t i o n  in the lung i t  was not

poss ib le  to  say whether the cause o f  death was D . v i v i parus

i n f e c t i o n  alone or was a r e s u l t  o f  synergism between the two

organ 1 sms.

The calves in  Group 2 d id  not become c l i n i c a l l y  i l l  desp i te  

being in fe c te d  w i th  RS v i r u s  and there  were no s p e c i f i c  v i r a l  

les ions  at s laugh te r  on day 21. There were, however, les ions  

suggest ive o f  D . v i v i parus i n f e c t i o n  and t h i s  was conf irmed by 

examinat ion of b ronch ia l  mucus. This was unexpected but presumably 

was due to  the in g e s t io n  o f  bedding or hay which had been

contaminated by the Group 1 ca lves .
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RS VIRAL INFECTIONS

FIGURE 24

2 1  1





FIG. 24: The caudal lobe o f  the r i g h t  lung o f  c a l f  EAl one hour

a f t e r  being inocu la ted  endobronchial  l y  w i th  RS v i r u s .  Note the 

segmental area o f  i n t e r s t i t i a l  emphysema and the pulmonary 

oedema,
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PI3 VIRAL INFECTIONS

EXPERIMENT C 

EXPERIMENT D
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PI3 VIRAL INFECTIONS

EXPERIMENT C

In t ro d u c t io n

The o b je c t  o f  t h i s  experiment was to  e s ta b l i s h  an

experimental  model of PI3 v i r a l  i n f e c t i o n  in the bovine. This was

considered e ssen t ia l  in  o rder  to  study the pathogenesis o f the

disease produced by t h i s  v i r u s  and to  develop and evaluate  

d ia g n o s t ic  te s ts  which could be app l ied  to  na tu ra l  outbreaks of

r e s p i r a to r y  disease. A s i m i l a r  method to th a t  described by Bryson 

and o thers (1979b) was used to  i n f e c t  experimental  ca lves in v o lv in g  

repeated in o c u la t io n s  o f  PI3 v i r u s ,  al though in  t h i s  experiment 

both in t r a -n a s a l  and i n t r a - t r a c h e a l  routes were used.

EXPERIMENTAL DESIGN 

Experimental  Animals

Four F r ies ian  cross H o ls te in  male calves (ECl to  EC4) were 

used in  t h i s  exper iment .  By arrangement w i th  the farmer the calves 

were removed from t h e i r  dams as soon as poss ib le  a f t e r  b i r t h  and a 

blood sample was taken. They were reared on m i lk  s u b s t i t u t e  and 

were kept in  i s o l a t i o n  from o the r  calves on the farm u n t i l  

approx imate ly  two weeks o f  age. They were then t r a n s fe r r e d  to  the 

Ve te r ina ry  School where nasopharyngeal swabs fo r  v i r a l  i s o l a t i o n  

and blood samples f o r  serum were taken. On a r r i v a l  one c a l f  (ECl) 

was d ia r rh o e ic  and i t  died s h o r t l y  a f t e r  admission. Samples were 

taken from i t s  lungs f o r  p a th o lo g ica l  and m ic ro b io lo g ic a l  

examinat ions.
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Three calves (EC2, EC3 and EC4) were inocu lated with  PI3

v i rus  i n t r a n a s a l l y  (lOml) and 1 n t r a - t r a c h e a l l y  (10ml) on f i v e  

occasions over three days. The day on which the f i r s t  v i r a l  

inoculum was given was day 0. Two calves (EC2 and EC3) were

slaughtered on day 4 and one (EC4) on day 11.

V i ra l  Inoculum

A s t r a in  of P I3 v i r u s ,  i so la te d  from the lungs of a three 

months old c a l f  w ith  acute r e s p i t r a t o r y  disease (see Sect ion Three, 

outbreak H, c a l f  H2) was propagated from a terminal d i l u t i o n  o f  the 

o r ig in a l  v i r a l  i s o l a t e .  Freshly monolayered FBI c e l l s  in 2 l i t r e  

r o l l i n g  b o t t le s  were inocu lated w ith  t h i s  v i rus  at a m u l t i p l i c i t y  

o f  i n f e c t i o n  o f  0.1 TCIDgo/ce l l .  A f te r  adsorbing fo r  one hour at 

37°C the inoculum was removed and the ce l l  sheet was washed twice 
w ith  EFCO. Fresh EFC5 (150ml) was added and incubat ion was

cont inued at 37°C fo r  24 hours. The medium was then changed and 
incubat ion  was continued u n t i l  maximum cpe had developed. The 

c e l l s  were then scraped in to  the medium and were stored in a l iq u o ts  
a t  -70°C. A po r t ion  was kept f o r  t i t r a t i o n  and was checked f o r  

v i r a l ,  b a c te r ia l  and mycoplasmal contaminat ion.

When requi red a l iq u o ts  were thawed and were cen t r i fuged  at

3000g f o r  10 minutes at 4*̂ C to  remove c e l l  deb r is .  The supernatant

was used as inoculum.

The t i t r e  of the inoculum was 10^ .SjCIDgo/ml 

amount o f  v i rus  adminis tered was lOS.ByciDgg.
The to ta l

Sampling o f  Calves

Nasopharyngeal swabs f o r  v i r a l  i s o la t i o n  and blood samples 

f o r  serum were taken from calves EC2, EC3 and EC4 on day 0. 
Thereaf te r  lasopharyngeal swabs were taken from c a l f  EC4 on days 

4,5,7.,9 and 11. Blood samples were taken from a l l  calves at
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s ia u g h te r ,

RESULTS

C l i n i c a l  Findings 

Calves EC2 and EC3

In these calves the rec ta l  temperature rose from 101.5"F to  103,5°F 

by day 3. Both ca lves coughed o c c a s io n a l l y .  Resp i ra to ry  ra tes

increased from approx imate ly  50/min to 72/min. Ca l f  EC3 was 

d ia r r h o e ic  on day 4 and on t h i s  day i t s  re c ta l  temperature dropped 

to  100*F.

C a l f  EC4

The re c ta l  temperature o f  t h i s  c a l f  rose g radua l ly  a f t e r  v i r a l

in o c u la t io n  and was 104°F on day 9. Over t h i s  per iod i t s

r e s p i r a to r y  ra te  rose from 54 to  78/min and i t  became hyperpnoeic.

On day 4 i t  developed a serous nasal discharge and on day 6 t h i s  

became mucopurulent.  On days 9 and 10 the c a l f  was inappe tan t .

Patho log ica l  Findings

Cal f  ECl

This c a l f  died s h o r t l y  a f t e r  a r r i v a l  at the Ve te r ina ry  School. 

I t  was dehydrated and d ia r r h o e i c ,  t h i s  being the cause o f  death.

Gross: There were areas o f  co n s o l id a t io n  in the c ra n ia l  lung

lobes.  These were deep red and f i r m  w i th  a sharp ly  demarcated 

border .

M ic roscop ic :  There was a severe acute exudat ive  pneumonia. The

a lv e o la r  and b ro n c h io la r  e p i t h e l i a  were normal and no 

in t ra c y to p la s m ic  or i n t r a n u c le a r  in c lu s io n  bodies were de tected.
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Immunofluorescence: No PI3 or  RS v i r a l  ant igens were detected in

the lungs o f  t h i s  c a l f .

Calves EC2 and EC3

These calves were s laughte red on day 4. At post mortem examinat ion 

the pneumonic les ions  in  these two calves were s i m i l a r  in  

appearance and were conf ined to  the c ra n ia l  lobes ,  the middle lobe ,  

the accessory lobe and the c ra n ia l  par ts  o f  the caudal lobes (F ig .  

25).

Gross: There were m u l t i f o c a l ,  and coa lesc ing  s u b - lo b u la r  and

lo b u la r  conso l ida ted  areas which were deep red in co lou r  and were

s l i g h t l y  co l lapsed  w i th  a smooth su r face .  On cross sec t ion  they

were s l i g h t l y  oedematous. There was l i t t l e  exudate in  the 

a i rways.  The bronch ia l  lymph nodes were s l i g h t l y  enlarged and 

the re  was s l i g h t  excess g re y /w h i te  mucus in the nasal passages.

M ic roscop ic :  The ou ts tand ing  fea tu res  were congest ion and oedema

w i th  e p i t h e l i a l  changes. There was a m i ld  r h i n i t i s  w i th  foca l

necros is  o f e p i t h e l i a l  c e l l s .  A few e o s in o p h i l i c  i n t ra c y to p la s m ic  

i n c lu s io n  bodies were present in  the e p i t h e l i a l  c e l l s  and

n e u t ro p h i ls  were present between the c e l l s .  The lamina p ro p r ia  was 

oedematous and conta ined a few lymphocytes, plasma c e l l s  and 

n e u t r o p h i l s .  In the nasopharynx there  was ba l loon ing  o f  the

e p i t h e l i a l  c e l l s  and some conta ined e o s in o p h i l i c  in t ra c y to p la s m ic  

i n c l u s io n  bodies. There v/as an i n f i l t r a t e  o f  n e u t ro p h i ls  in  

the  e p i th e l iu m  and the lamina p ro p r ia  and a few lymphocytes and 

plasma c e l l s  were present in  lamina p ro p r ia .  There v/as a m i ld

t r a c h e i t i s  w i th  n e u t ro p h i l s  present in the lamina p rop r ia  and

between e p i t h e l i a l  c e l l s .  Many e p i t h e l i a l  c e l l s  had ba l looned,  

c le a r  cytoplasm and some conta ined in t ra c y to p la s m ic  in c lu s io n  

bodies. A few lymphocytes and plasma c e l l s  were present in  the 

lamina p ro p r ia  and around the submucosal glands.

In the lung the major les io n s  were c o l la p s e ,  e i t h e r  p a r t i a l  

o r  t o t a l ,  o f  some lobu les  and congest ion and oedema in  o the rs .
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There were marked changes in  the eplthelurn o f  the b ronch i ,  

the  b ronch io les  and the a l v e o l i  w i th  hydropic  degenerat ion o f  the 

cytoplasm of many c e l l s .  Many e p i t h e l i a l  c e l l s  contained 

e o s in o p h i l i c  i n t ra c y to p la s m ic  in c lu s io n  bodies, u su a l l y  one per 

c e l l  but o cca s io n a l ly  more. These were e s p e c ia l l y  no t iceab le  in 

the b ro n ch io la r  e p i th e l iu m  (F ig .  27).  They were ge ne ra l ly  round or 

s l i g h t l y  oval and present in  the luminal cytoplasm. Occasional 

i r r e g u l a r l y  shaped in c lu s io n s  were noted. In some bronch io les  

nea r ly  every c e l l  conta ined an in c lu s io n  body. No in t r a n u c le a r  

in c lu s io n s  were seen. A few s y n c y t ia ,  u su a l ly  w i th  three or fou r  

nuc le i  but o ccas iona l ly  as many as e ig h t ,  were formed in  the 

a lv e o la r  and the b ro n c h io la r  e p i th e l iu m .  These were no t ,  however, 

a marked fea tu re  of the l e s io n s .  A few n e c ro t ic  syncy t ia  were seen 

in  the a lv e o la r  and the b ro n c h io la r  lumena.

In a d d i t io n  to  these e p i t h e l i a l  fea tu res  a few lymphocytes 

and plasma c e l l s  were present in  the i n t e r s t i t i u m  o f  some lob u les .  
In others there  was th ic k e n in g  o f  the i n t r a l v e o l a r  septae.

Immunofluorescence: Para in f luenza type 3 v i r a l  ant igens were

detected in e p i t h e l i a l  c e l l s  in  the nasal mucosa, the nasopharynx, 

the t rachea,  the b ronch i ,  the b ronch io les  and the a l v e o l i .  No 

v i r a l  ant igens were detected in  the bronchia l  lymph node.

In the nasal mucosa ant igen was present in the lumenal 

cytoplasm o f  s in g le  e p i t h e l i a l  c e l l s  and o cca s io n a l ly  in  groups o f  

ad jacent c e l l s .  In the nasopharynx and trachea the d i s t r i b u t i o n  o f  

ant igens was s i m i l a r  to  t h a t  in the nasal mucosa. In the bronchi 

r e l a t i v e l y  few e p i t h e l i a l  c e l l s  were i n fe c te d .  In the bronch io les  

and the a lv e o l i  there  was a patchy d i s t r i b u t i o n  o f  v i r a l  an t igens .  

In some areas v i r t u a l l y  a l l  e p i t h e l i a l  c e l l s  a t  both s i te s  were 

in fe c te d  whereas in  o ther  areas on ly  a few c e l l s  were in fe c te d  

(F igs .  28, 29 and 30). Ant igens were seldom seen in c e l l s  f ree  in 

a lv e o la r  or b ro n c h io la r  lumina. They were never seen in c e l l s  in  

the i n t e r l o b u l a r  septae or blood vesse ls .
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Cel ls  w i th  p o s i t i v e  s ta in in g  had both d i f f u s e  and g ranu la r  

in t ra c y to p la s m ic  f luo rescence .  Antigen granules var ied  markedly in 

s ize .  Some o f  the la r g e r  ones corresponded to  e o s in o p h i l i c  

in t ra c y to p la s m ic  i n c lu s io n  bodies as seen by s ta in in g  w i th  

H&E.

C a l f  EC4

This c a l f  was s laughtered on day 11.

Gross: There were pneumonic les ions  in  the c r a n i a l ,  the midd le ,

the accessory and the c r a n io - v e n t r a l  par ts  of the caudal lobes o f  

the lung. The les ions  were dark purp le  and s l i g h t l y  co l lapsed .

Mic roscop ic :  There was dysp las ia  o f  the e p i the l iu m  in the nasal

mucosa, nasopharynx and t rachea .  No in c lu s io n  bodies were noted in  

e p i t h e l i a l  c e l l s .  Neu t roph i ls  were present between e p i t h e l i a l  

c e l l s  and in  the lamina p ro p r ia .  A few plasma c e l l s  and 

lymphocytes were present in the lamina p ro p r ia .

The pulmonary les ions  were s i m i l a r  in  a l l  lobes. There was 

co l lapse  o f  the a l v e o l i  and fo c i  o f  a l v e o la r  e p i t h e l i a l  

h yp e rp la s ia .  In some areas there  were focal i n f i l t r a t e s  o f  

n e u t ro p h i ls  and macrophages. The w a l ls  o f  the b ronch io les  were 

th ickened w i th  p r o l i f e r a t i o n  o f  f i b r o b l a s t s  and i n f i l t r a t i o n  w i th  

plasma c e l l s .  The e p i th e l iu m  was d y s p la s t i c  and a few n e u t ro p h i ls  

were present between the c e l l s .  In some lobu les  there  was e a r ly  

b r o n c h i o l i t i s  o b l i t e r a n s .  In some bronchi the e p i th e l iu m  was 

d y s p la s t i c  and n e u t ro p h i ls  were present  between the c e l l s ;  in  

o thers  i t  was normal.  Occas iona l ly  the lamina p rop r ia  was s l i g h t l y  

th ickened in  some in t rapu lmonary  bronchi and contained plasma c e l l s  

and lymphocytes. No in c lu s io n  bodies or syncy t ia  were seen in  the 

e p i t h e l i a  o f  the b ronch i ,  the bronch io les  or the a l v e o l i .

Immunofluorescence: The t i s su e s  from t h i s  c a l f  were a l l  negat ive
f o r  PI3 v i r a l  an t igens .
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M ic ro b io lo g ic a l  Findings

The re s u l t s  o f  m ic ro b io lo g ic a l  i n v e s t ig a t i o n s  on t issu e s  

from calves ECl, EC2, EC3 and EC4 are presented in  Table 27. 

Nasopharyngeal swabs were taken from c a l f  EC4 up u n t i l  day 11. 

Para in f luenza type 3 v i r u s  was i s o la te d  on days 4 ,5 ,7  and 9.

Sero log ica l  Findings

One day a f t e r  b i r t h  calves EC3 and EC4 had serum HA I 

ant ibody t i t r e s  to  PI3 v i r u s  o f  40. In c a l f  EC2 the t i t r e  was 20. 

In a l l  animals on day 0 o f  the experiment the t i t r e  was 20 and t h i s  

d id  not a l t e r  in the two calves (EC2 and EC3) k i l l e d  on day 4. In 

c a l f  EC4 the t i t r e  rose t o  80 by day 11.
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TABLE 27: The pathogenic v i ru se s ,  b a c te r ia  and mycoplasmes

detected in  the r e s p i r a to r y  t r a c t  t i s su e s  from the calves 

in  Experiment C.

Ca l f

Number Tissue Vi ruses Bacte r i  a Mycoplasmas

ECl NM Negati ve P.multoci  da Negative

died before TM Negative P.multocida M.bov i5

experiment

began

L Negative P.multoci  da Negati ve

EC2 NM PI3 v i ru s Negative Negati ve

DAY 4 TM PI3 vi  rus Negative Negative

L PI3 v i r u s Negative Negative

EC3 NM PI3 vi  rus Negati ve Negative

DAY 4 TM PI3 vi rus Negati ve Negati ve

L PI3 v i ru s Negati ve Negative

EC4 NM Negati ve Negati ve Negative

DAY 11 TM Negati ve Negative M.di spar

L Negative Negative M.dispar

NM = Nasal Mucosa 

TM = Tracheal Mucosa 

L = Lung
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Discuss ion

Three, two weeks o ld  calves were su c c e s s fu l l y  i n fe c te d  w i th  

PI3 v i ru s  and a l l  developed c l i n i c a l  s igns o f  r e s p i r a to r y  disease 

and les ions  in  t h e i r  lungs.

In calves EC2 and EC3, which were k i l l e d  on day 4, PI3 v i r u s  

was i s o la te d  from the lungs a t  post-mortem and by using 

immunofluorescencent s ta in in g  was shown to be l o c a l i s e d  to  the 

e p i t h e l i a  o f  the pneumonic areas. No o ther  recognised re s p i r a to r y  

pathogens were i s o la te d  from the lungs at t h i s  t ime. The evidence 

shows th a t  the pneumonia was caused by PI3 v i ru s  and conf i rms the 

experimental  r e s u l t s  of o thers (Omar and o the rs ,  1966; Bryson and 

o th e rs ,  1979b),

The h is t o p a th o lo g ic a l  fea tu res  o f  the pneumonia in calves 

EC2 and EC3 were s i m i l a r .  Many e p i t h e l i a l  c e l l s  contained 

e o s in o p h i l i c  i n t ra c y to p la s m ic  in c lu s io n  bodies but no i n t r a n u c le a r  

in c lu s io n s  were seen. E p i t h e l i a l  syncy t ia  w i th  between two and 

e ig h t  nuc le i  were present but were not numerous. Some syncy t ia  had 

detached and were l y in g  f ree  in  the lumen o f  a l v e o l i  or 

b ronch io le s .  These f in d in g s  were s i m i l a r  to  those in  a n a t u r a l l y  

i n fe c te d  three weeks o ld c a l f  (case RC17, Section Three) showing 

t h a t  t h i s  experimental  model i s  re p re se n ta t i ve  o f  a t  l e a s t  some 

na tu ra l  PI3 v i r a l  i n f e c t i o n s .

The d e te c t io n  o f  v i r a l  ant igens by immunofluorescence 

was a more s e n s i t i v e  i n d i c a t i o n  o f  v i r a l  i n f e c t i o n  than the 

presence of c e l l u l a r  changes seen by s ta in in g  w i th  H&E. Antigens 

were detected in  e p i t h e l i a l  c e l l s  and also in  c e l l s  f ree  in the 

lumen which were e i t h e r  detached e p i t h e l i a l  c e l l s  or a l v e o la r  

macrophages. No a lv e o la r  septa l  c e l l s  were seen to  con ta in  

an t igens .  This i s  in c o n t ra s t  to  the f i n d in g s  o f  van der Maaten 

(1969) who detected PI3 v i r a l  ant igens in  the c e l l s  in  the a lv e o la r  

septae. Some of the in t ra c y to p la s m ic  i n c lu s io n  bodies seen by H&E 
s ta in in g  a lso  s ta ined by immunofluorescence. The r e l a t i v e l y  few 

e p i t h e l i a l  syncy t ia  seen was s u rp r i s i n g  in view o f  the q u a n t i t y  o f
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v i r a l  ant igen which was present.

The co nd i t ions  under which paramyxoviruses induce e p i t h e l i a l  

c e l l s  to  form syn cy t ia  in v ivo  are not known. In t i s s u e  c u l t u re

syncy t ia  form by fus ion  of c e l l s ,  ra the r  than by d isordered

p r o l i f e r a t i o n , a n d  t h i s  i s  a fu n c t io n  o f  a s p e c i f i c  v i r a l  

g ly c o p ro te in  (Sheid and Choppin, 1974). This p roper ty  is  thought 

to  be important in the pathogenesis o f  disease caused by t h i s  and 

re la te d  v i ruse s .  In general where fus ion is  more marked, disease 

i s  more severe (Merz and o th e rs ,  1980). Whether or not d i f f e r e n t  

s t r a in s  of PI3 v i r u s  vary in t h e i r  capac i ty  to  induce fus ion  in

vi  VO is  not known. The r e l a t i v e  lack o f  syncy t ia  at day 4 a lso 

could be due to the stage of i n f e c t i o n .  Omar and others (1956) 

found syncy t ia  present a t  day 5 but not at day 7. However Bryson 

and others (1979b) k i l l e d  calves s e r i a l l y  over 21 days and s t i l l

concluded th a t  syncyt ium fo rmat ion  was not a marked fea tu re  of 

experimental  PI3 v i r a l  i n f e c t i o n .

In the c a l f  k i l l e d  on day 11 the re  was no s p e c i f i c  evidence 

o f  v i r a l  i n f e c t i o n .  No v i ru s  was i s o la te d  from the lungs ,  no 

syn cy t ia  or i n c lu s io n  bodies were present in the r e s p i r a to r y  

e p i t h e l i a  and no v i r a l  ant igens were detected by

immunofluorescence. The c a l f  had, however, been in fe c te d  as v i ru s
was is o la te d  from nasopharyngeal swabs taken up to  day 7 and there  

was a s i g n i f i c a n t  r i s e  in  the leve l  o f serum HA I an t ibody  to the 

v i r u s .  The les io n s  were s i m i l a r  in  d i s t r i b u t i o n  and ex ten t  to  

those in calves EC2 and EC3 although the microscop ic  appearance was 

d i f f e r e n t .  The s t r i k i n g  fe a tu re  was a d i f f u s e  c e l l u l a r  th ic k e n in g  

around the bronch io les  w i th  p r o l i f e r a t i o n  o f  f i b r o b l a s t s ,  and

i n f i l t r a t i o n  w i th  lymphocyt ic  c e l l s ,  p r i n c i p a l l y  plasma c e l l s .  A

s i m i l a r  les io n  was present in  the calves in the outbreak o f  

r e s p i r a to r y  disease from which thé s t r a i n  o f  PI3 v i ru s  was 

recovered (Outbeak H, ca lves H2 to  H4). In t h i s  outbreak no v i r a l  

ant igens were detected in  the p e r ib r o n c h io la r  t i s su e s  and the 

le s io n  occurred both in  the presence and in the absence o f  the 

b ro n c h io la r  e p i t h e l i a l  c e l l s  being in fe c te d  w i th  PI3 v i r u s .  Other 

micro-organisms were a lso  present  in the lungs w i th  t h i s  le s io n .
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There were no c o n s is ten t  ba c te r ia  present, but M.di spar was i so la te d  

from c a l f  EC4 and Ureapl asma sp. from the ca lves in outbreak H, 

Whether t h i s  les ion  r e f l e c t s  PI3 v i r a l  damage per se or i s  due to 

i t s  i n t e r a c t i o n  w ith  another  organism i s  not c le a r .  The end

r e s u l t s  of t h i s  le s io n  could be p e r ib ro n c h io la r  f i b r o s i s  and, i f  

the  muscle la y e r  was s i g n i f i c a n t l y  damaged, b r o n c h io le c ta s is .

Omar and o thers  (1966) found th a t  v i ru s  was present in the 

lung a t  day 5 but not at day 7. In t h e i r  experiments Bryson and 

o the rs  (1979b) found v i ru s  present as l a te  as day 12, al though two 

ca lves k i l l e d  p r i o r  to t h i s  (on days 8 and 10) were negat ive .  This 

h ig h l i g h t s  a p o te n t ia l  d i f f i c u l t y  in  the i n v e s t ig a t i o n  of outbreaks 

as calves w i th  pneumonia due to  PI3 v i r u s  may have no s p e c i f i c  

evidence o f  v i r a l  i n f e c t i o n  i f  examined l a t e r  in the course o f  the 

d isease. This would make the pa tho log ica l  changes d i f f i c u l t  to 

i n t e r p r e t  in  o the r  than general terms.

Plasma c e l l s  and lymphocytes were present in  the les ions  at 

day 4 and the former c e l l  type was numerous at day 11. By day 11 

c a l f  EC4 had seroconverted to  PI3 v i r u s .  The presence o f  an t ibody 

may have In te r f e re d  w i th  attempts to i s o la te  v i rus  from lung t i s s u e  

as has been suggested f o r  RS v i r u s  (Wellemans, 1977). However, no 

v i r a l  ant igens were detected by immunofluorescence at t h i s  stage 

suggest ing t h a t  v i ru s  had been complete ly  e l im in a te d .
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EXPERIMENT D 

In t ro d u c t io n

A f te r  s u c c e ss fu l l y  i n f e c t i n g  and producing r e s p i r a to r y  

disease in  two-weeks o ld  calves w i th  PI3 v i ru s  i t  was decided to  

t r y  a s i m i l a r  experiment in fou r  months o ld ca lves. This age group 

represented more c lo s e l y  the calves invo lved in  the outbreak of 

r e s p i r a to r y  disease from which the s t r a i n  o f  P13 v i ru s  was 

o r i g i n a l l y  recovered. In -co n ta c t  con t ro l  calves were inc luded to  

determine whether i n f e c t i o n  could spread n a t u r a l l y  from 

e xp e r im e n ta l ly  in fe c te d  ca lves ,

EXPERIMENTAL DESIGN

Experimental  Animals

E igh t ,  fo u r  months o ld  ca lves were used in  t h i s  exper iment .  

They were se lected on the basis of having re c ip ro ca l  serum HA I 

ant ibody t i t r e s  to  PI3 v i r u s  o f  20 or less .  A l l  came from farms 

w i th  no h is t o r y  o f  severe r e s p i r a to r y  disease and none had been 

vacc inated aga ins t  r e s p i r a t o r y  pathogens. The calves were 

randomised in t o  three groups. Group 1 cons is ted  o f  fou r  calves 

(EDI t o  ED4), Group 2 o f  two ca lves (ED5 and E06) and Group 3 of 

two calves (ED7 and ED8).

Experimental  Protocol

The calves in  Group 1 were inocu la ted  w i th  PI3 v i r u s  

i n t r a -n a s a l  l y  (10ml) and i n t r a - t r a c h e a l  l y , ( IQ i i l )  on f i v e  occasions 

over th ree days. The day on which the f i r s t  v i r a l  inoculum was 

given was day 0. Two ca lves (EDI and ED2) were slaughtered on day 

4 and two (ED3 and ED4) on day 11.

The calves in  Group 2 were given no in o c u la t io n s  and were 

put in  wivn the Group 1 calves on day 3. Both calves were 

s laughte red on day 15.
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The calves in  Group 3 were Inocu la ted w i th  t i s su e  c u l t u r e  

medium i n t r a - n a s a l l y  (10ml) and i n t r a - t r a c h e a l l y  (10ml) on f i v e  

occasions over three days. One c a l f  (ED7) was s laughtered on day 4 

and one (ED8) on day 11.

V i ra l  Inoculum

The v i r a l  inoculum was prepared from the same s t r a i n  o f PI3 

v i ru s  and in  the same manner as th a t  used in  Experiment C, The 

t i t r e  o f  the inoculum was 10^.5 TCIOgg/ml. The t o t a l  amount o f  

v i rus  admin is te red was 10%.5 TCIDgo*

The t i s s u e  c u l t u re  medium given to  Group 3 calves was 

prepared from un in fec ted  FBL c e l l s  in the same way as the v i r a l  

inoculurn.

Sampling o f  Calves

Nasopharyngeal swabs f o r  v i r a l  i s o l a t i o n  and blood samples 

f o r  serum were taken from a l l  calves p r i o r  to  in o c u la t io n  on day 

0. Thereaf te r  on days 4 ,7 ,9 ,11  and 14, nasopharyngeal swabs were 

taken from s u rv iv in g  ca lves.  Blood samples fo r  serum and t issu e s  

f o r  m ic ro b io lo g ic a l  and p a th o lo g ic a l  i n v e s t ig a t i o n  were taken at 

s iau g h te r .

RESULTS

C l i n i c a l  Findings 

Group 1

A l l  calves developed a moderate py rex ia  (104“ F) by day 3. There 

was a serous nasal d ischarge ,  which became mucopurulent in calves 

ED3 and ED4. A l l  ca lves became tachypnoe ic ,  s l i g h t l y  hyperpnoeic 

and coughed in c re a s in g l y  more f re q u e n t ly  as the  experiment 
progressed.
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Group 2

The re c ta l  temperatures of both calves rose g radua l ly  from day 4 

and were 103.8°F on day 9. Both calves became hyperpnoeic and 

tachypnoeic , developed a s l i g h t  mucopurulent nasal discharge and 

began to  cough.

Group 3

Ca l f  ED7 remained c l i n i c a l l y  normal throughout the exper iment .  

Ca l f  ED8 had signs of r e s p i r a to r y  disease before the experiment 

began. I t  coughed o cca s io n a l l y  and had harsh r e s p i r a to r y  sounds 

c ra h io ve n t ra l  l y  on the r i g h t  side of the chest.  I t s  temperature 

was normal a t the beginning o f  the experiment but rose to  104°F on 

day 4.

Patho log ica l  Findings 

Group 1

Gross: The gross les ions  in  t h i s  group were s i m i l a r .  In a l l

animals there  were l o b u la r  and sub lobu la r  patches o f  co n s o l id a t io n  

whch were e i t h e r  s l i g h t l y  ra ised (calves EDI and ED2; Fig. 26) or 

s l i g h t l y  co l lapsed (calves ED3 and ED4) in  r e l a t i o n  to  the surface 

o f  the normal surrounding lung. The surface o f  the les ion  was 

s l i g h t l y  mot t led  in c a l f  ED4. The ex ten t  o f  these les ions  var ied  

between the calves but was always conf ined to  the ventra l  par ts  o f 

the c ra n ia l  lobes,  the middle lobe and the c ra n ia l  pa r ts  o f the 

caudal lobes. On cross sec t ion  the les ions  were s l i g h t l y  

oedematous and small q u a n t i t i e s  o f  mucopus could be expressed from 

the  bronch i .  The t rachea l  and the nasal mucosae were s l i g h t l y  

congested and there  was a s l i g h t  excess o f  grey mucopus on t h e i r  

sur faces.

In a d d i t io n  to  these fea tu res  the re  were o th e r ,  

m o rpho log ica l ly  d i s t i n c t ,  les ions  in c a l f  EDI. The c ra n ia l  pa r t  o f  

the r i g h t  c ran ia l  lobe was conso l ida ted  and f i rm  w i th  a pale

2 2 7



knobbly sur face .  Un cross sec t ion  the large and small bronchi were 

excess ive ly  prominent and the re  were small spots on the surface o f  

the  lung lobu les .  Excess mucopus exuded from cut b ronch i .

M ic roscop ic :  The les ions  o f  ca lves EÜ1 and ED2 ( k i l l e d  on day 4 )

were d i s t i n c t  from those in  calves ED3 and ED4 ( k i l l e d  on day 11). 

They were, in each case, s i m i l a r  to the les ions  seen in the calves 

k i l l e d  at equ iva len t  t imes a f t e r  v i r a l  i n o c u la t io n  in  Experiment 

C. B r i e f l y ,  in  ca lves EDI and ED2 there  was b r o n c h i t i s ,  

b r o n c h i o l i t i s  and a l v e o l i t i s ,  w i th  e p i t h e l i a l  damage at each s i t e .  

In c lu s io n  bodies were present in  s ing le  e p i t h e l i a l  c e l l s  and in 

occasional s y n c y t ia .  There was c o l la p s e ,  congest ion and oedema o f  

a l v e o l i  w i th  foca l i n f i l t r a t i o n  by n e u t ro p h i ls  and macrophages. A 

few plasma c e l l s  and lymphocytes were seen in  a lv e o la r  septae and 

in  the p e r ib ro n c h io la r  t i s s u e s .

In calves ED3 and ED4 th e re  was b ro n ch io la r  e p i t h e l i a l  

dysp las ia  and hyperp las ia  and foca l  a l v e o la r  e p i t h e l i a l  

hyperp las ia .  Plasma c e l l  and lymphocyte i n f i l t r a t e s  around the 

bronch io les  were more marked and the re  was th ic ke n in g  o f  the lamina 

p ro p r ia  due to f i b r o b l a s t  p r o l i f e r a t i o n  and plasma c e l l

i n f i l t r a t i o n .  In some sec t ions  the re  was e a r l y  b r o n c h i o l i t i s

o b l i t e r a n s .  No syncy t ia  or i n c lu s io n  bodies were seen.

The m o rph o log ica l ly  d i s t i n c t  les ion  in the r i g h t  c ra n ia l  

lobe o f  c a l f  EDI was ch a rac te r ise d  by a lv e o la r  co l lapse  and

I n f i l t r a t i o n  w i th  n e u t ro p h i l s .  Lymphocytic i n f i l t r a t i o n  around 

the bronchi and the b ronch io les  was marked, o f ten  forming " c u f f s "  

w i th  germinal cen t res .  The e p i t h e l i a  o f  bronchi and bronch io les  

were s u b s t a n t i a l l y  i n t a c t  but s l i g h t l y  h y p e rp la s t i c .  In some

lobu les  there  was b r o n c h i o l i t i s  o b l i t e r a n s .

Immunofluorescence: Para in f luenza type 3 v i r a l  ant igens were

detected in  the b r o n c h ia l ,  the  b ro n ch io la r  and the a lv e o la r  

e p i t h e l i a l  c e l l s  in calves EDI and ED2. In c a l f  EDI no v i r a l  

an t igens were detected in  t i s s u e  from the les ions  in  the c r a n ia l  

p a r t  o f  the r i g h t  c ra n ia l  lobe.  T h e ' le s io n s  in  t h i s  area were
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m o rpho log ica l ly  d i s t i n c t  from the o ther  les ions  in the lungs. 

V i ra l  ant igens were not detected in  ca lves EÜ3 and ED4.

Group 2

In the lungs o f  c a l f  ED5 were a few lo b u la r  and sub lobu la r  areas o f  

co l la p s e .  In these areas there  was a mi ld  b r o n c h i t i s  and 

b r o n c h i o l i t i s  w i th  increased numbers o f  plasma c e l l s  and 

lymphocytes. There was a lv e o la r  co l lapse  w i th  occasional foc i  of 

macrophages and n e u t ro p h i l s .  No syncy t ia  or i n c lu s io n  bodies were 

seen,

■ The lungs of c a l f  ED6 were macroscopi cal  l y  normal. 

M ic ro s c o p ic a l l y  the re  were occasional aggregates o f  lymphoid c e l l s  

ad jacent to  the bronchi and the b ronch io les .  No syncy t ia  or 

in c lu s io n  bodies were seen.

Immunofluorescence; No v i r a l  ant igens were de tec ted .

Group 3

The lungs o f  c a l f  ED7 were normal.  Cal f  ED8 had patches o f  

c o n s o l id a t io n  in  the c ra n ia l  and middle lobes and mucopus exuded 
from the cut b ronch i .  H i s t o l o g i c a l l y  there  was a lv e o la r  co l lapse  

and i n f i l t r a t i o n  w i th  n e u t ro p h i l s  and macrophages. The lamina of 

the bronch io les  and the bronchi were obs truc ted  w ith  degenerat ing 

in f lammatory  c e l l s  but the e p i th e l iu m  was i n t a c t .  Aggregates of 

lymphocytes were present around the b ronch io les  and the bronchi and 

o c ca s io n a l l y  these conta ined germinal cen tres .  No in c lu s io n  bodies 
o r  v i r a l  syncy t ia  were seen.

Immunofluorescence; No v i r a l  ant igens were de tec ted .  

M ic ro b io lo g ic a l  Findings

P r io r  to  being d iv id e d  i n t o  groups fo r  the experiment the
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ca lves were in d i r e c t  con tact  w i th  each o th e r .  During t h i s  t ime 

nasopharyngeal swabs, taken from a l l  the calves y ie ld e d  on ly  one 

i s o l a t i o n  of a pathogenic mic ro-organism. Mycoplasma d i s p a r , which 

was i s o la te d  from c a l f  EDI 10 days p r i o r  to  day 0. The re s u l t s  o f  

the i s o l a t i o n  of PI3 v i r u s  from nasopharyngeal swabs taken a f t e r  0 

are presented in  Table 28.

No pathogenic b a c te r ia  or mycoplasmes were i s o la te d  from the 

nasopharyngeal swabs taken a f t e r  day 0, The micro-organisms 

detected in the r e s p i r a to r y  t r a c t  t i s su e s  o f  the ca lves were: -

Group 1

Para in f luenza type 3 v i r u s  was i s o la te d  from the upper and 

lower r e s p i r a to r y  t r a c t  o f c a l f  EDI and from the lower r e s p i r a to r y  

t r a c t  o f  c a l f  ED2. Mycoplasma d isp a r  and M.bovis were i s o la te d  

from the upper and from the lower r e s p i r a to r y  t r a c t  o f  c a l f  ED2.

No pathogenic micro-organisms were recovered from c a l f  ED3 

but P.multocida and M.d ispar  were recovered from the lower 

r e s p i r a to r y  t r a c t  o f c a l f  ED4.

Group 2

No v i ruses  or pathogenic ba c te r ia  were recovered from the 

r e s p i r a to r y  t r a c t s  o f  these two ca lves .  Mycoplasma d ispa r  was 

I s o la te d  from the lower r e s p i r a to r y  t r a c t  o f  c a l f  ED6.

Group 3

No v i ruses  or pathogenic b a c te r ia  were recovered from the 

r e s p i r a t o r y  t r a c t s  o f  these two ca lves bu t ,  in  both cases, M.d ispar 

was i s o la te d  from the t rachea.
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Sero log ica l  Findings

The HAI t i t r e  to PI3 v i r u s  in sera from the calves are 

presented in  Table 29. Calves ED3 and ED4 seroconverted to  PI3

vi  r u s ,
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TABLE 28: The i s o l a t i o n  o f  pa ra in f luenza  type 3 v i r u s  from the

nasopharyngeal swabs taken from the calves in  Experiment D,

Cal f Group Day o f  Experiment
Number Number 0 4 7 9 11 13

EDI 1

ED2 1 -

ED3 1 - +

ED4' 1 - + + +

ED5 2 - + -

EÜ6 2 - + + — —

ED7 3 - w -  -

ED8 3 -

TABLE 29: Haemagglut i nat io n - i  nhi b i t i o n  t i t r e  to  p a r a in f l uenza
3 v i r u s  in  sera from the calves i n Experiment D.

C a l f Group Day of experiment
Number Number 0 4 11 15

EDI 1 40 40
ED2 1 20 40
ED3 1 40 .40 160
ED4 1 20 40 160
ED5 2 40 40 80
ED6 2 40 40 40
ED7 3 20 10
ED8 3 20 20
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Pi scussion

A l l  the calves which were chal lenged w i th  PI3 v i r u s  were 

su c c e s s fu l l y  in fe c te d  as judged by v i r a l  i s o l a t i o n  from 

nasopharyngeal swabs and lung t i s s u e  or by se ro logy .  The calves 

developed c l i n i c a l  s igns o f  r e s p i r a to r y  disease and les ions  were 

produced in the lungs. The les ions  produced were s i m i l a r  in type 

to  those in  experiment C but were ge ne ra l ly  less ex tens ive .  The 

amount o f  v i ru s  admin is te red in  the two experiments v/as s i m i l a r .  

In t h i s  experiment o ld e r  calves were used. They were se lec ted  on 

the basis of having low le v e ls  o f  serum HAI an t ibody  to  PI3 v i r u s .  

By using t h i s  c r i t e r i o n  i t  was hoped th a t  calves which had been 

in fe c te d  w ith  PIS v i r u s  could be avoided and c o lo s t ra !  ant ibody 

would have dec l ined  to  i n s i g n i f i c a n t  l e v e l s .  However, f o l lo w in g  

na tu ra l  PI3 v i r a l  i n f e c t i o n s  Thomas (1973) found th a t  ant ibody 

t i t r e s  dec l ined r a p id l y  and th e re fo re  a low t i t r e  in  an animal 

which is  fou r  months o ld i s  not n e cessa r i ly  i n d i c a t i v e  o f  i t  never 

having been exposed to  the v i r u s .  This could have impor tan t  

Im p l ic a t io n s  in the s e le c t io n  o f  experimental  animals , p a r t i c u l a r l y  

those re p re se n ta t i ve  o f  the age range in  which many re s p i r a to r y  

disease outbreaks occur.

In c a l f  ED2 v i r u s  was detected in  the middle and the caudal 
lobes by immunofluorescence but was not i s o la te d  from these s i t e s .  

Van der Maaten (1969) found v i r a l  i s o l a t i o n  to  be more s e n s i t i v e  

than immunofluorescence f o r  the d e te c t io n  o f  PI3 v i ru s  in the lungs 

o f  e xper im en ta l ly  in fe c te d  ca lves .  Several fa c to rs  could be 

impor tant here. For v i r a l  i s o l a t i o n  a la rg e r  amount o f  lung t i s s u e  

i s  sampled than f o r  immunofluorescence and t h i s  should increase the 

chances o f  d e te c t in g  v i r u s ,  e s p e c ia l l y  when ondy small amounts are 

p resent .  Against t h i s ,  however, v i r a l  i n f e c t i v i t y  could be blocked 

i f  there  i s  n e u t r a l i s i n g  an t ibody  present in  the serum in  the 

t i s s u e .  Immunofluorescent s ta in in g  avoids t h i s  p a r t i c u l a r  problem 

and the s ize  o f  the sample can be increased by examining m u l t i p l e  

sec t ions  of lung. In t h i s  experiment the p r in c ip a l  aim of using 
the immunofluorescence s ta in in g  technique was to  r e la t e  the 

presence of v i ru s  d i r e c t l y  to  the h is to p a th o lo g ic a l  changes which
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i t  produced at a c e l l u l a r  l e v e l .  This is  not poss ib le  using v i r a l  

i s o l a t i o n  alone.

V i ra l  i n f e c t i o n  was t ra n s m i t te d  from the e xp e r im e n ta l l y  

in fe c te d  calves to the two calves (ED5 and ED6) in  d i r e c t  contact 

w i th  them. The ir  nasopharyngeal sec re t ions  conta ined v i r u s  by as 

e a r ly  as 27 hours a f t e r  the i n i t i a l  exposure. Mi ld  c l i n i c a l  s igns 

o f  r e s p i r a to r y  disease were assoc ia ted w i th  v i r a l  shedding and at 

post-mortem small les ions  were present in the lungs o f  these 

ca lves .  Virus was not i s o la te d  from the lungs a t  post-mortem nor 

were v i r a l  ant igens demonstrated in  the l e s io n s ,  however, as the 

ca lves were k i l l e d  11 days a f t e r  t h e i r  i n i t i a l  exposure to  v i r u s  

t h i s  was not e n t i r e l y  s u r p r i s i n g .

The pulmonary les ions  were l im i t e d  in  ex ten t  and the 

c l i n i c a l  s igns o f  r e s p i r a to r y  disease were m i ld .  The per iod o f  

v i r a l  shedding was sh o r te r  than th a t  in calves EDI to  ED4, This 

could be expla ined by the f a c t  t h a t  two sources o f  v i r a l  i n f e c t i o n  

were removed from contact  w i th  the calves a f t e r  only  24 hours thus 

reducing the leve l  o f  v i r a l  cha l lenge .  A h e av ie r ,  more susta ined 

chal lenge might have increased the s e v e r i t y  o f  the pa tho log ica l  
les ions  and re su l ted  in  more marked c l i n i c a l  disease.

Other r e s p i r a to r y  pathogens were i s o la te d  from the lungs o f  

these calves e .g .  P.multoc i  da . M.di spar and M.bovi s . I t  is  

t h e re fo re  poss ib le  t h a t  synergism between these organisms and PI3 

v i r u s  could have been respons ib le  fo r  some o f  the les ions  present 

a t  post mortem- This h i g h l i g h t s  the problems o f  using 

"con ve n t io na l "  calves in  exper iments. However, these calves were 

thought to  be more re p re se n ta t i ve  o f  those which are invo lved in  

many outbreaks of r e s p i r a to r y  disease than e i t h e r  g n o to b lo t i c  

ca lves or very young ca lves .  Using the immunofluorescence 

techn ique i t  was poss ib le  to r e la t e  the presence o f  v i r a l  ant igens 

d i r e c t l y  to  the p a th o lo g ica l  changes present in  the r e s p i r a to r y  

t r a c t .  This demonstrates th a t  PI3 v i r u s  is  a pathogen in  t h a t  i t  

can damage the r e s p i r a to r y  e p i th e l iu m .  I t  does not d iscount  the 

p o s s i b i l i t y  t h a t  o ther  organisms may c o n t r ib u te  to  the les ions  and,
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t h e r e fo re ,  to  the c l i n i c a l  disease. However, comparing t h i s  

experiment w ith  experiment C where PI3 v i ru s  was present in the 

les ions  and re s p i r a to r y  disease was produced in the absence o f  

o ther  pathogens being p resent ,  i t  can be seen th a t  these o ther  

organisms are not necessary f o r  the development of les ions .

This experiment showed th a t  c l i n i c a l  s igns of r e s p i r a to r y  

disease and pa tho log ica l  les ions  can be produced by i n f e c t i n g  fou r  

months old calves w i th  PI3 v i r u s .  Although the disease was not 
severe i t  probably represents accu ra te ly  the m a jo r i t y  o f  PI3 v i r a l  

i n f e c t i o n s  which occur n a t u r a l l y .  V i ra l  i n f e c t i o n  was t ransm i t ted  

to  in - c o n ta c t  calves by na tu ra l  means and mild  c l i n i c a l  s igns o f  

r e s p i r a to r y  disease re su l te d .
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FIG, 25: Experimental  PI3 v i r a l  i n f e c t i o n  - the r i g h t  lung from 

c a l f  EC2. There are lo b u la r  and s u b - lo b u la r  les io n s  in  the

c ra n ia l  and middle lobes and in  the c ra n ia l  pa r ts  o f  the caudal 

1 obe.

FIG. 26: Experimental  PI3 v i r a l  i n f e c t i o n  - d e t a i l  o f  pneumonic

les ions  in c a l f  EDI, The sur face of the le s io n  i s  smooth and is  

spo t ted .  Normal or s l i g h t l y  o v e r in f l a t e d  lobu les  are present in  

the pneumonic areas.
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FIG. 27: B ronch io la r  e p i the l iu m  in fe c te d  w i th  PI3 v i r u s  in  c a l f

F.C2. Most o f  the e p i t h e l i a l  c e l l s  con ta in  at l e a s t  one i n t r a -  

cytop lasmic  i n c lu s io n  body (b lue ar row) .  There are no syn cy t ia .

PTI X 400

FIG. 28: B ronch io la r  e p i th e l iu m  in fe c te d  w i th  PI3 v i r u s  in  c a l f

EC2. V i ra l  ant igens are present in  a l l  the e p i t h e l i a l  c e l l s  and 

the b ro n c h io la r  lumen is  co l lapsed .

Acetone- f ixed  frozen s e c t io n ,  FITC x 250
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FIG. 29: B ronch io la r  and a lv e o la r  e p i t h e l i a l  c e l l s  in fe c te d  w ith

PI3 v i ru s  in  c a l f  EC2. Some o f  the c e l l s  con ta in  la rg e  granules 

o f  ant igen (red arrow) which correspond to  e o s in o p h i l i c  i n t r a -  
cytop lasmic i n c lu s io n  bodies in  sec t ions  s ta ined  w i th  H&E.

Acetone- f ixed  frozen s e c t io n ,  FITC x 400

FIG, 30: A lve o la r  e p i the l iu m  in fe c te d  w i th  PI3 v i r u s  in  c a l f

EC2. A small syncyt ium is  

photograph (red arrow)

present in  the centre  o f  the

Acetone- f ixed  frozen s e c t io n ,  FITC x 400



y . :

2 3 9



SECTION FIVE

GENERAL DISCUSSION

2 4 0



GENERAL DISCUSSION

The aim o f  t h i s  th e s is  was to  in v e s t ig a te  the pa r t  played by 

RS v i ru s  and PI3 v i ru s  in  r e s p i r a t o r y  diseases o f  c a t t l e  w i th  

p a r t i c u l a r  re fe rence to  the pathogenesis, d iagnos is  and 

d i f f e r e n t i a l  d iagnos is  o f  these two i n f e c t i o n s  in n a t u r a l l y  

occu r r in g  outbreaks of d isease. These pr imary aims were to be 
accompanied by attempts to  produce v i r a l  i n f e c t i o n  in  experimental  

ca lves using i s o la te s  of v i r u s  obtained from the f i e l d

In v e s t i g a t i o n s .  These aims were l a r g e l y  achieved f o r  PI3 v i r u s .  

I t  was re a l i se d  from the ou tse t  t h a t  RS v i r u s  would pose the 

g re a te r  problem and a l though the f i e l d  i n v e s t i g a t i o l t  were

successfu l  the re  was, u n fo r t u n a t e ly ,  no o p p o r tu n i t y  to  use the 
i s o la te s  o f  RS v i ru s  which they y ie ld e d  in experimental

i n f e c t i o n s .  Neverthe less, experimental  calves were s u c c e ss fu l l y  

i n fe c te d  w i th  a s t r a i n  o f  bovine RS v i rus  which was obtained from 

another  la b o ra to ry .

I n fe c t io n  w i th  RS v i r u s  was detected in fou r  outbreaks of

acute r e s p i r a to r y  disease and in  a t o t a l  o f  21 i n d i v id u a l  an imals . 

In both the outbreaks and the i n d i v id u a l  cases there  was a temporal 

a sso c ia t io n  between the presence o f  v i r a l  i n f e c t i o n  and the

development o f  c l i n i c a l  s igns o f  r e s p i r a to r y  d isease. More

s i g n i f i c a n t l y ,  where animals were a v a i la b le  f o r  post-mortem

examinat ion, there  was a d i r e c t  a ssoc ia t ion  between v i r u s - i n f e c t e d  

c e l l s  and the p a th o lo g ica l  les ions  which were present in the lower 

r e s p i r a to r y  t r a c t  o f a f fe c te d  an imals . These were present in areas 

o f  acute in f lam m at ion ,  p a r t i c u l a r l y  in  those areas in  which the 

in f lammatory  process was in  i t s  e a r l i e s t  stages. S p e c i f ic  c e l l u l a r  
changes, due to  v i r a l  i n f e c t i o n ,  were present in the b ro n c h io la r ,

the a lv e o la r  and the bronch ia l  e p i th e l iu m .  They comprised 

syncytium fo rmat ion  and c e l l s  con ta in in g  e o s in o p h i l i c  

in t ra c y to p la s m ic  i n c lu s io n  bodies.  In fec ted  c e l l s  became n e c ro t ic  

and detached from the e p i th e l iu m .
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Superimposed on these changes were the vascu la r  and 

exudat ive reac t ions  c h a r a c t e r i s t i c  o f  in f lammation w i th  congested 

blood vessels and oedema f l u i d  and increased numbers of n e u t ro p h i ls  

and macrophages in  the a lv e o la r  and b ro n ch io la r  lufnina. In o ther  

areas of the same lung, of" even the same lobe of the lung,  severe 

pa th o lo g ica l  les ions  could be present in  which no v i r a l  ant igens 

could be detected .  However, these areas were in the l a t e r  stages 

o f  in f lammation w i th  s i g n i f i c a n t  numbers o f  plasma c e l l s  and 

lymphocytes in the t i s s u e  and e a r ly  evidence of r e s o lu t i o n  or 

hea l ing  o f  the l e s io n s .  The a ssoc ia t ion  o f  RS v i ru s  w i th  the 

e a r l i e r  stages o f  in f lammation ind ica te s  th a t  i t  is  a pr imary 

pathogen. In the m a jo r i t y  o f  cases where m a te r ia l  was a v a i l a b le  

f o r  f u l l  m ic ro b io lo g ic a l  examinat ion no o the r  recognised 

r e s p i r a to r y  pathogens were p resent .  This is  not to  say th a t  o ther  

fa c to rs  could not have c o n t r ib u te d  to  the development and s e v e r i t y  

o f  the disease and in some cases o ther  r e s p i r a to r y  pathogens e .g .  

Mycoplasma bovis were present which could have mod if ied  the disease 

process.

There is  no evidence as ye t  th a t  i s o la te s  o f  RS v i ru s  vary 

in  t h e i r  v i ru le n c e  f o r  the bovine r e s p i r a to r y  t r a c t  (Jacobs and 

Edington, 1975). However, the s u s c e p t i b i l i t y  o f  i n d i v i d u a l s  or 

groups of animals and the co n d i t io n s  under which they are exposed 

to  the v i ru s  must vary w id e ly .  In experimental  i n f e c t i o n s  animals 

chal lenged w i th  e q u iva le n t  amounts of v i rus  have shown a range o f  

s e v e r i t i e s  o f  disease suggest ing t h a t ,  f o r  whatever reasons, 

i n d i v i d u a l s  vary in  t h e i r  s u s c e p t i b i l i t y  to  i n f e c t i o n .  With in  

groups o f  animals on farms there  may be i n d i v i d u a l s  o f  d i s s i m i l a r  

ages and w i th  d i f f e r e n t  h i s t o r i e s  o f  exposure to  the var ious 

r e s p i r a to r y  pathogens, p a r t i c u l a r l y  where animals have been brought 

tog e th e r  from several separate sources. The c lo s e r  the contact  

between animals the more o p p o r tu n i t i e s  there  are f o r  the spread o f  

v i ru se s .  The i n f e c t i v i t y  o f the v i ruses  may be b e t t e r  preserved in 

the environment under c e r t a in  co n d i t io n s  o f  temperature and 

h u m id i ty .  The combinat ion o f  these fa c to rs  i . e .  s u s c e p t ib i 1t i t y  o f 
the i n d i v i d u a l s  and the group as a whole, and the su rv iv a l  and 

o p p o r tu n i t i e s  f o r  spread o f  v i r u s  w i t h in  the environment occupied
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by the animals, w i l l  a f f e c t  the leve l  o f  v i r a l  cha l lenge.  This in 

tu rn  w i l l  determine the way in  which the disease develops.

Previous exposure to  the v i r u s  does not prevent r e - i n f e c t i o n  

( S t o t t  and o the rs ,  1980). By analogy w i th  the human re in f e c t io n s  

can be expected to  r e s u l t  in  less severe disease than pr imary 

i n f e c t i o n s  (Beem and o th e rs ,  1960). This may, to  some e x te n t ,  

account f o r  the v a r ia t i o n  in  s e v e r i t y  o f  d isease, p a r t i c u l a r l y  when 

cons ider ing  o lde r  animals which are more l i k e l y  to  have been 

exposed to  the v i ru s  be fo re .  Re in fec t ions  are d i f f i c u l t  t o  

s p e c i f i c a l l y  i d e n t i f y  al though a high ra te  o f r i s e  o f  ant ibody may 

g ive an i n d i c a t i o n  t h a t  t h i s  has occurred. S u s c e p t i b i l i t y  to  RS 

v i r u s  may a lso be a f fe c te d  by i n t e r c u r r e n t  i n f e c t i o n s .  Combined 

experimental  i n f e c t i o n s  w i th  BVD v i ru s  and RS v i ru s  produced more 

severe disease than w ith  RS v i r u s  alone (Thomas and S t o t t ,  1977) 

a l though the mechanism invo lved  was not c le a r  nor v/as i t s  

s ig n i f i c a n c e  in  na tura l  disease. In the present in v e s t ig a t i o n s  

there  was no s i g n i f i c a n t  evidence o f  BVD v i r a l  i n f e c t i o n  in  

outbreaks A to  D and when combined in f e c t i o n  was recorded in a 

group o f  animals wh'ch were being monitored s e r o l o g i c a l l y  (Sect ion 

Three, farm M) the re  was no evidence of severe r e s p i r a to r y  disease.

Concurrent i n f e c t i o n  in  the r e s p i r a to r y  t r a c t  w i th  o the r  

organisms could a f f e c t  the s e v e r i t y  o f  disease by producing les io n s  

a d d i t i o n a l  to  those due to  the v i r a l  i n f e c t i o n .  In t h i s  respect ,  

a l though o ther  recognised pathogens were absent from most 

i n d i v id u a l  cases o f  RS v i r a l  i n f e c t i o n ,  in fo u r  Mycoplasma bovis 

was present.  I t  i s  d i f f i c u l t  t o  ru le  out the p o s s i b i l i t y  o f 

synergism between these two organisms al though from 

h is to p a th o lo g ic a l  observa t ions the m a jo r i t y  o f  the les ions  present 

could be a t t r i b u t e d  d i r e c t l y  or i n d i r e c t l y  to  RS v i r a l  i n f e c t i o n  

and there  was no unequivocal evidence th a t  synergism d id  occur.

Considering the i n d i v i d u a l  animals in  which RS v i r a l  

i n f e c t i o n  was detected the most s t r i k i n g  h is to p a th o lo g ic a l  fea tu re  
was e p i t h e l i a l  damage, p r i n c i p a l l y  in  the b ronch io les  and the 

a l v e o l i .  This was present in a l l  o f  the cases in  which RS v i r a l
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antigens were detected in  the lungs by immunofluorescence. In the 

e a r l y  stages of i n f e c t i o n  the e p i t h e l i a l  changes cons is ted o f  

swol len e p i t h e l i a l  c e l l s ,  syncyt ium fo rm a t ion ,  i n d iv id u a l  c e l l s  

co n ta in in g  i n t ra c y to p la s m ic  i n c lu s io n  bodies and foca l  necros is  and 

detachment of c e l l s .  At t h i s  stage v i r a l  ant igens were present in

the e p i the l iu m  and th e r e fo re  the les ions  could be s p e c i f i c a l l y

recognised as being due to v i r a l  i n f e c t i o n .  Even tua l ly  the 

in fe c te d  c e l l s  were shed and e p i t h e l i a l  regenerat ion  began w i th

f l a t t e n e d  b a s o p h i l i c  c e l l s  spreading over the denuded basement 

membrane. There were o f ten  outgrowths of f i b r o b l a s t s  in t o  the 

lumen and o rg an isa t ion  o f  the exudate to  form obi i t e r a t i v e  plugs 

which e ve n tu a l l y  became covered in  new e p i th e l iu m .

These les ions  could a f f e c t  both the b ro n c h io la r  and the  

a lv e o la r  e p i the l iu m  but appeared, in  some cases at l e a s t ,  to  a f f e c t  

them s e q u e n t ia l l y  w i th  v i r a l  spreading p e r ip h e r a l l y  from the 

b ronch io les .  V i ra l  ant igens could be present e i t h e r  s o le ly  in the 

b ro n c h io la r  e p i th e l iu m  or s o le l y  in the a lv e o la r  e p i th e l iu m .  

S im i la r  types o f  s ta in in g  have been noted by others (Thomas and 

S t o t t ,  1981; van ..en Ingh and o th e rs ,  1982). By combining the 

observa t ions  in immunofluorescent s ta in in g  w i th  those of 

convent ional H&E s ta in in g  i t  was noted t h a t  when there  were 

v i r u s - i n f e c t e d  c e l l s  on ly  in  the a lv e o la r  e p i the l iu m  then the 

b ro n c h io la r  e p i th e l iu m  was abnormal,  w i th  a combinat ion o f  necros is  

and d ysp la s ia ,  i n d i c a t i n g  p r i o r  v i r a l  i n f e c t i o n .

A re a c t ion  in  the bronchi also seemed impor tan t  in  the 

pathogenesis o f  the severe disease as most o f  the animals which 

died were dyspnoeic and had severe i n t e r s t i t i a l  emphysema, both o f  

which can imply increased re s is ta nce  to  a i r f l o w  in the b ronch i .  

Al though v i r a l  ant igens were r a r e l y  detected in the b ro n c h io la r

e p i th e l iu m  o f  those animals which had d ied ,  b r o n c h i t i s  was a 

fe a tu re  of a l l  cases w i th  congest ion and oedema o f  the lamina 

p ro p r ia  which conta ined increased numbers o f  lymphocytes and plasma 

c e l l s .  There was a lso e p i t h e l i a l  dysp las ia  and t h i s  suggests th a t  
v i r a l  i n f e c t i o n  had a t  some t ime been present.  In t h i s  respect i t  

i s  i n t e r e s t i n g  th a t  van den Ingh and others (1982) noted th a t
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coughing, which can be i n d i c a t i v e  of b r o n c h i t i s ,  preceded the onset 

o f  severe c l i n i c a l  s igns by approx imate ly  th ree  days in  na tu ra l  RS 

v i r a l  i n f e c t i o n s .  Thus i t  is  poss ib le  th a t  by the time animals die 

v i ru s  has disappeared from the bronch ia l  e p i th e l iu m .  Whether or not 

uncomplicated b r o n c h i t i s  per se could account f o r  the severe 

r e s p i r a to r y  d i s t r e s s  seen in  some animals i s  not c le a r .  

C o n s t r i c t io n  of the bronch ia l  musculature could have been present 

p r i o r  to  death but t h i s  would not have been ev ident  post-mortem. 

Serum taken from some animals a f t e r  death had s i g n i f i c a n t  amounts 

o f  n e u t r a l i s i n g  an t ibody  to  RS v i ru s  but more work is  necessary to  

determine whether t h i s  could take pa r t  in  an ant ibody-mediated 

h y p e r s e n s i t i v i t y  re a c t ion  lead ing  to  b ro n c h o c o n s t r i c t io n .

In some cases animals developed ex tens ive les ions  i n v o l v in g  

widespread d i f f u s e  e p i t h e l i a l  damage in the caudal lobes. There 

was congest ion and oedema o f  the a lv e o l i  w i th  hya l ine  membrane 

fo rm a t io n .  The e p i th e l iu m  in  the a lv e o l i  m s  foca l l y  or d i f f u s e l y  

h y p e rp la s t i c  but the b ro n c h io la r  e p i the l iu m  was r e l a t i v e l y  

undamaged. These les ions  were not d i r e c t l y  associated w i th  v i r a l  

r e p l i c a t i o n  as they d id not con ta in  v i r u s - i n f e c t e d  c e l l s  as judged 

by immunofluorescence. The ir  s ig n i f i c a n c e  is  not c le a r  but they 

resemble those p re v io u s ly  described as a ty p ic a l  i n t e r s t i t i a l  

pneumonia (Omar and Kinch, 1966). This les ion  may a lso be present 

in  o the r  pneumonias and the s i g n i f i c a n c e  o f  i t s  r e l a t i o n s h ip  to  

these cases of RS v i r a l  i n f e c t i o n  remains to be determined.

Diagnosis o f RS v i r a l  i n f e c t i o n  was r e l a t i v e l y  s t r a i g h t  

forward provided a p p ro p r ia te  samples were a v a i l a b le .  V i ra l  

i s o l a t i o n ,  as expected, y ie ld e d  few diagnoses, even in  those 

animals which were subsequently proven to  have been in fe c te d  by 

o th e r  t e s t s .  Sero log ica l  examinat ions y ie ld e d  many diagnoses but 

i n t e r p r e t i n g  these r e s u l t s  in  r e l a t i o n  to  the c l i n i c a l  disease was 

d i f f i c u l t .  I n fe c t io n  could not be l o c a l i s e d  s p e c i f i c a l l y  to  the 

lower r e s p i r a to r y  t r a c t  using t h i s  method th e re fo re  the p o s s i b i l i t y  

o f  the v i ru s  being an i n c id e n ta l  f i n d in g  present only in the upper 

r e s p i r a to r y  t r a c t  had to  be cons idered. The p ro p o r t io n  o f  the 

animals which seroconverted in  the outbreaks o f  disease var ied  but
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was always 25% or  over.  This f i g u r e ,  o f  course, could be a f fe c ted  

by many fa c to rs  the most c r i t i c a l  o f  which is  probably the t im ing  

o f  the f i r s t  blood sample in  r e l a t i o n  to  the s t a r t  o f  the 

i n f e c t i o n .  Fol lowing from t h i s  acute r e s p i r a to r y  diseases which

are in ve s t ig a te d  promptly are the most l i k e l y  to  y i e l d  re s u l t s  

which can be i n t e r p r e te d .  Diagnosis i s  less easy in  those w i th  a

slower onset or when the "acute"  phase is  missed. There were 14

outbreaks f o r  which no s p e c i f i c  d iagnos is  could be made and in  some 

cases t h i s  could have been due to delayed in v e s t i g a t i o n .

H is top a th o log ica l  and immunofluorescence techniques were 

on ly  a v a i la b le  i f  animals had died and/or  could be obtained f o r  

post-mortem examinat ion. However, when dea l ing  w i th  outbreaks of 

n a t u r a l l y  occu r r ing  r e s p i r a to r y  d isease, dead animals are 

f r e q u e n t ly  a v a i la b le  and may be the on ly  ma te r ia l  on which to

e s ta b l i s h  a d iagnos is .  The l a t t e r  technique was essen t ia l  f o r  

e s ta b l i s h in g  a s p e c i f i c  d iagnos is  and, in con junc t ion  w i th

convent ional  h is to p a th o lo g y ,  could e s ta b l i s h  the s ig n i f i c a n c e  o f  

the v i r a l  i n f e c t i o n  in the pathogenesis o f  the disease. The 
d i s t r i b u t i o n  o f  v=ral  ant igens w i t h in  the les io n s  could be 

determined. The ease w i th  which t h i s  could be done was g r e a t l y  

improved by the development o f  a technique to  de tec t  v i r a l  ant igens 

i n  m a te r ia l  which had been f i x e d  f o r  convent ional h is topa tho logy .

Retrospect ive  s tud ies  o f  s to red  m ate r ia l  could be made and t i s su e s  

could be received from o the r  l a b o r a t o r i e s . Most im p o r ta n t ly  a 

d i f f e r e n t i a l  d iagnos is  between RS v i r a l  and PÎ3 v i r a l  i n f e c t i o n  

could be e s ta b l ish e d .  Examination of H&E s ta ined sect ions was the 

most usefu l  technique when examining animals which had died l a t e r  

in  an outbreak when the t i s su e s  were u n l i k e l y  to  conta in  v i r u s .  

Although a s p e c i f i c  d iagnos is  could not be reached a v i r a l

a e t io lo g y  could be suggested by the na tu re ,  ex ten t  and d i s t r i b u t i o n  
o f  the e p i t h e l i a l  damage.

Using these techniques to  con f i rm  v i r a l  i n f e c t i o n  i t  was 

p oss ib le  to  e s ta b l i s h  t e n t a t i v e  c r i t e r i a  f o r  the d iagnos is  o f RS

v i r a l  i n f e c t i o n  on the basis  o f  macroscopic fea tu res  o f  the 

a f fe c te d  lungs. Common f in d in g s  in  animals which had died were
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acute pneumonic les ions  in the c ra n ia l  par ts  o f  the lung lobes and 

severe i n t e r s t i t i a l  emphysema w i th  b u l la  fo rmat ion  in  the caudal 

lobes.  These les ions  were present w i thou t  ex tens ive  n ec ros is ,  

f i b r in o u s  p le u r i s y  or suppura t ion .  In animals which have been at 

grass the p o s s i b i l i t y  o f  ü . v i v ip a ru s  i n f e c t i o n  must be e l im ina ted  

a l though in  t h i s  c o n d i t i o n  pneumonic les ions  are more l i k e l y  to  be 

present in the caudal ra th e r  than the c ran ia l  pa r ts  o f  the caudal 

lung lobes. As the les ions  due to  RS v i r a l  i n f e c t i o n  were not 

considered pathognomonic the d iagnos is  was always corroborated by 

h is t o p a th o lo g ic a l  and immunofluorescence techn iques.  C l i n i c a l l y  RS 

v i r a l  i n f e c t i o n  v/as suspected where there was an acute outbreak of 

r e s p i r a to r y  d isease, in  housed calves and in which a prominent 

fe a tu re  v/as sudden death or severe r e s p i r a to r y  d i s t r e s s .

The epidemiology of the v i ru s  w i t h in  popu la t ions  of animals 

v/as d i f f i c u l t  to  e lu c id a te .  The source o f  i n f e c t i o n  in in d i v id u a l  

outbreaks was impossib le  to  i d e n t i f y  c o n c lu s iv e ly  al though 

c i r c u m s ta n t ia l  evidence in c r im in a te d  several poss ib le  a l t e r n a t i v e s  

in c lu d in g  o lde r  animals on the same farm and the fa rm er 's  ve t .  

There was no s p e c i f i c  evidence th a t  p e r s i s t e n t  i n f e c t i o n  o f  

i n d i v id u a l  animals could occur.  However, t h i s  would be d i f f i c u l t  

t o  e i t h e r  prove or d isprove w ith  the techniques used in  t h i s  

s tudy. Pre-natal  i n f e c t i o n  w i th  bovine RS v i r u s  has not been 

proven but a p ro p o r t io n  o f  i n d i v id u a l  fo e ta l  sera do conta in  

an t ibody (Gould and o th e rs ,  1978). The ro le  o f  o ther  species in  

the epidemiology o f  RS v i r a l  i n f e c t i o n  in  the bovine is  not known. 

Ovine sera have been found to  conta in  ant ibody to  RS v i ru s  

(Berthiaume and o th e rs ,  1973) and t h i s  species i s  su sce p t ib le  to  

exper imental  i n f e c t i o n  w i th  bovine RS v i r u s  (Lehmkuhl and C u t l i p ,  

1979). Whether t h i s  i s  o f  any s ig n i f i c a n c e  n a t u r a l l y  is  not known.

In genera l ,  experimental  i n f e c t i o n s  have not produced severe 

c l i n i c a l  s igns of r e s p i r a to r y  disease (Jacobs and Edington, 1975; 

Mohanty and o th e rs ,  1975), In view o f  the f i n d in g s  in the f i e l d  

i n v e s t ig a t i o n s  reported here t h i s  is  not s u rp r i s in g  as experimental  
i n f e c t i o n s  have not reproduced w i t h in  the lung the q u a n t i t i e s  and 

d i s t r i b u t i o n  o f  v i r a l  ant igens which are seen in  na tura l  cases o f
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RS v i r a l  i n f e c t i o n .  U n t i l  t h i s  is  achieved conclus ions drawn from 

experimental  i n f e c t i o n s  regard ing the a b i l i t y ,  or i n a b i l i t y ,  of  the 

v i r u s  to  produce severe disease as seen n a t u r a l l y  may be 

m is lead ing .  Many na tu ra l  i n f e c t i o n s  in  the present i n v e s t ig a t i o n s  

re su l ted  in  m i ld  c l i n i c a l  disease and t h i s  has f r e q u e n t ly  been 

reproduced by experimental  i n f e c t i o n .  Another co ns ide ra t ion  i s  

t h a t  to  be successful  the co n d i t io n s  under which experimental  

i n f e c t i o n s  are c a r r ie d  out must r e f l e c t  those o ccu r r ing  n a t u r a l l y  

i n  terms of v i ru le n ce  and dose o f  the i n f e c t i n g  v i r u s ,  route  of 

chal lenged and s u s c e p t i b i l i t y  o f  the animal.  Few o f  these 

co n d i t io n s  are f u l l y  understood in  natu ra l  i n f e c t i o n s  and th e re fo re  

cannot be reproduced e x p e r im e n ta l l y .  Nevertheless in  the 

experiments performed in t h i s  th e s is  calves were su c c e s s fu l l y  

in fe c te d  w i th  RS v i r u s .  No severe c l i n i c a l  s igns o f  r e s p i r a to r y  

disease were a t t r i b u t a b l e  to  t h i s  i n f e c t i o n  but v i ru s  was shed in  

nasal secre t ions  and in  both experiments the animals responded 

s e r o l o g i c a l l y .  The s t r a i n  of v i r u s  used had been repeated ly  

passaged in  c e l l  c u l t u r e  and may have l o s t  p a th o g e n ic i t y .  There 

was no s p e c i f i c  evidence of exacerbat ion  of the RS v i r a l  i n f e c t i o n  

by combined i n f e c t i o n  w i th  D . v i v i p a rus , whether the p a ra s i te  v/as 

given before or a f t e r  the v i r u s .  A l low ing  the animals to  l i v e  long 

enough to  develop a c l i n i c a l  or se ro lo g ica l  response meant t h a t  the 

chances o f  de tec t ing  v i r a l  ant igens in  lung t i s s u e  at post-mortem 

were g r e a t l y  reduced. This meant t h a t  the r e la t i o n s h ip  between 

v i r a l  i n f e c t i o n  and the p a tho log ica l  changes in  the r e s p i r a to r y  

t r a c t  could not be assessed. In the one c a l f  which died w i th  

combined RS v i r a l  and D . v i v i parus i n f e c t i o n  ( c a l f  FBI) the les ions  

present a t  post mortem were l a r g e l y  due to  the p a r a s i t e .

The experimental  animals chosen a l l  had p r e -e x i s t i n g  serum 

ant ibody  to  RS v i r u s .  In f a c t  a l l  animals which were screened f o r  

use in  experimental  i n f e c t i o n s  had s i g n i f i c a n t  p r e - e x i s t i n g  l e v e ls  

o f  serum an t ibody .  In a d d i t i o n ,  dur ing  the i n v e s t i g a t i o n  o f  the 

r e s p i r a to r y  disease oubtreaks on ly  14 o f  approx imate ly  260 calves 

were found to  be f ree  o f  an t ibody .  Se lec t ing  animals fo r  
exper imental  i n f e c t i o n  was d i f f i c u l t  i f  " conven t iona l "  ca lves o f  a 

s i m i l a r  age to  t h a t  in which the na tura l  disease occurred were
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re q u i re d .  The presence of ant ibody may have reduced the pathogenic 

e f f e c t s  o f  the v i r u s .  Although some workers have suggested th a t  

p r e -e x i s t i n g  ant ibody may be Invo lved In Immunological ly-mediated 

r e s p i r a to r y  t r a c t  damage in  the c a l f  (Smith and o th e rs ,  1975) t h i s  

has ye t  to  be conf i rmed. Colostrum-deprived calves were 

su sce p t ib le  to  RS v i r a l  i n f e c t i o n  in  experiments by Bryson and 

o thers  (1982) and these may be a more successful  experimental  

an imal.  There are ,  however, d i f f i c u l t i e s  in  o b ta in in g  and re a r ing  

t h i s  type of c a l f .  A lso, in  terms o f  age, they are not 

r e p re se n ta t i ve  o f  the  m a jo r i t y  o f  animals which, in  the present  

i n v e s t i g a t i o n s ,  succumbed to  na tu ra l  RS v i r a l  i n f e c t i o n .

: The general concepts i n f lu e n c in g  the development o f disease

due to  PI3 v i r a l  i n f e c t i o n  are s i m i l a r  to  those a lready described 

f o r  RS v i r u s .  In fe c t io n  w i th  PI3 v i r u s  was detected in  fo u r  

outbreaks o f  r e s p i r a to r y  disease and in  a t o t a l  o f  th ree  i n d i v id u a l  

animals. In both the outbreaks and the in d i v id u a l  cases there was 

a temporal a sso c ia t io n  between the presence o f  v i r a l  i n f e c t i o n  and 

the onset o f  the c l i n i c a l  signs o f  r e s p i r a to r y  disease. More 

s i g n i f i c a n t l y ,  in  one outbreak (H) and in  the i n d i v id u a l  cases 

th e re  was a d i r e c t  asso c ia t io n  between the presence o f  PI3 v i r a l  

ant igens and the p a th o lo g ica l  les io n s  which were present in  the 

lower r e s p i r a to r y  t r a c t  o f  some o f  the a f fe c te d  an imals . 

V i r u s - in fe c te d  c e l l s  were present in  areas o f  acute in f lammation 

but not in areas w i th  f u r t h e r  advanced le s io n s .  This s t ro n g ly  

suggests t h a t  PI3 v i ru s  i s  a pr imary pathogen. H is top a th o log ica l  

fea tu res  which were c h a r a c t e r i s t i c ,  but not pathognomonic, o f  PIS 

v i r a l  i n f e c t i o n  were e o s in o p h i l i c  in t ra c y to p la s m ic  in c lu s io n  bodies 

which were present in e p i t h e l i a l  c e l l s  o f  the b ronch i ,  the 

bronch io les  and the a l v e o l i .  E p i t h e l i a l  syncy t ia  were a lso 

o cca s io n a l l y  seen in  the bronch io les  and the a l v e o l i .

E p i t h e l i a l  damage in  uncomplicated PI3 v i r a l  i n f e c t i o n  was 

not as severe as th a t  due to  RS v i ru s  and cons is ted  o f  hyperp las ia  

and dysp las ia  w i th  necros is  o f  i n d i v id u a l  e p i t h e l i a l  c e l l s .  

Syncytium fo rmat ion  was not as marked, as w i th  RS v i r a l  i n f e c t i o n  in  

s p i t e  o f  the la rge  amounts o f  v i r a l  ant igen present in the
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e p i th e l iu m .  This could r e la t e  to  the apparen t ly  lower 

p a th o g e n ic i t y  o f  PI3 v i r u s  when compared w i th  RS v i r u s .  Cel l  

fu s in g  a c t i v i t y , i s  thought to  be very impor tant in the pathogenesis 

o f  disease caused by members o f  the Paramyxoviridae (Merz and 

o th e rs ,  1980) and in  v ivo  a t  l e a s t  c e r ta in  s t r a in s  of PI3 v i r u s  

seem to  produce fewer syn cy t ia  than do s t r a in s  o f  RS v i r u s .  The 

pneumonias in  which PI3 v i r u s  was invo lved were u su a l l y  complicated 

by the presence o f  o the r  pathogens, p a r t i c u l a r l y  P a s te u re l1 a 

haemoly t ica  and Pas teu re l la  m u l t o c id a . I t  has been suggested th a t  

PI3 v i r a l  i n f e c t i o n  may i n t e r f e r e  w i th  pulmonary defence mechanisms 

and in  v ivo  s tud ies  have shown th a t  e p i t h e l i a  c i l i a  are l o s t  

(Bryson and o th e rs ,  1979b) and the clearance o f  b a c te r ia  e .g .  

P as teu re l1ae i s  impaired (Lopez, and o th e rs ,  1976), A lve o la r  

macrophages may be in fe c te d  in  v ivo  (Tsai and Thompson, 1975) and 

t h i s  could lead to  d ys fu n c t io n  as has been found in the mouse where 

macrophages from lungs in fe c te d  w i th  pa ra in f luenza  type 1 v i ru s  had 

reduced b a c te r io c id a l  a c t i v i t y  (Jakab and Green, 1972; 1976). I f

secondary b a c te r ia l  i n f e c t i o n  i s  more impor tant in  the development 

o f  severe disease than is  the v i r a l  i n f e c t i o n  i t s e l f  then i t  is  not 

s u r p r i s i n g  th a t  the a sso c ia t io n  o f  v i r u s  w i th  disease i s  not as 

c le a r  as w i th  RS v i r u s .  Outbreaks w i l l ,  in  genera l ,  be 

i n v e s t ig a te d  l a t e r  in  t h e i r  course th e re fo re  l i m i t i n g  the 

e f f i c i e n c y  o f  techniques f o r  demonstra t ing v i r a l  i n f e c t i o n .  Also 

the h is to p a th o lo g ic a l  fe a tu re s  a t  t h i s  stage w i l l  p r i n c i p a l l y  be o f  

exudat ion w i th  the i n i t i a t i n g  v i r a l  i n f e c t i o n  being obscured.

Experimental  I n fe c t io n s  w i th  PI3 v i r u s  were more successfu l  

than those using RS v i r u s .  Animals w i th  low le v e ls  o f  ant ibody to  

P I3 v i r u s  were r e a d i l y  a v a i la b le  and the s t r a i n  o f  PI3 v i r u s  used 

was a recent f i e l d  i s o l a t e  which grew to  a r e l a t i v e l y  high t i t r e  in 

c e l l  c u l t u r e .  Both two-weeks o ld and four-months old animals were 

su sce p t ib le  to  i n f e c t i o n .  Using the immunofluorescence s ta in in g  

technique on e i t h e r  ace to n e- f ixe d  frozen sec t ions  o f  lung or on 

f o r m a l i n - f i x e d  paraff in-embedded sec t ions  v i r u s - i n f e c t e d  c e l l s  

could be s p e c i f i c a l l y  i d e n t i f i e d .  E p i t h e l i a l  c e l l s  in the b ronch i ,  

the  b ronch io les  and the a l v e o l i  became in fe c te d  but syncyt ium 

fo rm a t ion  was not a marked h is to p a th o lo g ic a l  fea tu re  desp i te  the re
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being cons iderable  numbers of i n fe c te d  c e l l s  present .  C l i n i c a l  

r e s p i r a to r y  disease was produced in  both ages o f  animals and in 

animals in - c o n ta c t  w i th  them. Virus was shed in  nasopharyngeal 

sec re t ions  f o r  up to  n ine days a f t e r  i n f e c t i o n .

The h is t o p a th o lo g ic a l  examinat ion o f  sec t ions  o f  pneumonic 

lung is  an important technique in  the d iagnosis  and study of bovine 

r e s p i r a to r y  d iseases.  In sec t ions  s ta ined  co n v e n t io n a l l y  w i th  

haematoxyl in and eosin both RS v i r u s  and PI3 v i r u s  have been 

associa ted w i th  the fo rmat ion  o f  e p i t h e l i a l  syncy t ia  and 

e o s in o p h i l i c  i n t ra c y to p la s m ic  i n c lu s io n  bodies in the b ronch io les  

and a l v e o l i  (Betts  and o th e rs ,  1964; P i r ie  and o th e rs ,  1981a). I t  

i s  th e re fo re  impor tant to  e s ta b l i s h  c r i t e r i a  by which these two 

impor tant i n f e c t i o n s  can be recognised and d is t in g u is h e d  from each 

o th e r .  In the present se r ies  e p i t h e l i a l  syncy t ia  were present in 

the lungs o f  20 animals w i th  pneumonia and o f  these 19 were due to  

RS v i r a l  i n f e c t i o n  and only  one was due to  PI3 v i r a l  i n f e c t i o n .  

The morphological c h a r a c t e r i s t i c s  o f  the syncy t ia  produced by both 

v i ruse s  were s i m i l a r .  The nuc le i  overlapped and were g e ne ra l ly  

c e n t r a l l y  placed w ' th in  the cytoplasm. The r a t i o  o f  nuc le i  to  

cytoplasm was h igh. They were l a rg e r  than the nuc le i  o f  normal 

c e l l s  and were s l i g h t l y  oval in  shape w i th  hyperchromatic nuc lear  

membranes. The n u c le o l i  were prominent and were surrounded by a 

c le a r  o r  pale s ta ined  area. Syncyt ia  due to  RS v i r a l  i n f e c t i o n  

g e n e ra l ly  contained between fou r  and ten nuc le i  but could conta in  

up to  20. Those due to  i n f e c t i o n  w i th  PI3 v i ru s  tended to  con ta in  

fewer n u c le i ,  u su a l l y  between th ree  and s ix  w i th  a maximum of 12 .

E o s in o p h i l i c  i n t ra c y to p la s m ic  i n c lu s io n  bodies were present 

in  21 cases. Nineteen were due to  RS v i r a l  i n f e c t i o n  and two to  

I n f e c t i o n  w i th  PI3 v i r u s .  No in t r a n u c le a r  in c lu s io n  bodies were 

detected in  any animal al though these have been reported in  

experimental  PI3 v i r a l  i n f e c t i o n s  (Dawson and o the rs ,  1965; Qnar 

and o th e rs ,  1966; Bryson and o th e rs ,  1979b). In t ra cy top la sm ic  

in c lu s io n  bodies were present  in  a p ro po r t io n  o f  syncy t ia  and also 

in  some in d i v id u a l  c e l l s .  There was some v a r i a t i o n  in  s ize  o f  the 

i n c lu s io n  bodies in  both i n f e c t i o n s .  Those in  RS v i r a l  i n f e c t i o n s
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were round or s l i g h t l y  ova l .  In one case of PI3 v i r a l  i n f e c t i o n  

(RC17) there  was a wide v a r ia t i o n  in  both the s ize and the shape of 

the  in c lu s io n s  w i th  la rge c re sce n t ic  p e r in u c le a r  in c lu s io n s  being a 

prominent fe a tu re .

In c a t t l e  in  the  UK e p i t h e l i a l  syncy t ia  and e o s in o p h i l i c  

in t ra c y to p la s m ic  or i n t r a n u c le a r  i n c lu s io n  bodies in the 

r e s p i r a to r y  t r a c t  are h is to p a th o lo g ia l  fea tu res  which, as f a r  as i s  

known, are s p e c i f i c  to  e i t h e r  RS or  PI3 v i r a l  i n f e c t i o n .  However, 

when using these two fea tu res  alone i t  was not poss ib le  to  

d i s t i n g u is h  between the two i n f e c t i o n s  w i th  absolu te  conf idence. 

The conc lus ive  d iagnos is  could on ly  be made by s p e c i f i c a l l y  

s ta in in g  the v i r a l  ant igens using the immunofluorescence 

techn ique .  There were, however, fea tu res  o f  the cases which could 

suggest i n f e c t i o n  w i th  one or o the r  o f  the v i ru se s .  E p i t h e l i a l  

damage tended to  be more f l a g r a n t  in  RS v i r a l  i n f e c t i o n s  w i th  

dysp las ia  and necros is  o f  the b ro n c h io la r  and a lv e o la r  e p i the l ium  

r a th e r  than the dysp las ia  and hyperp las ia  seen in  PI3 v i r a l  

i n fe c t i o n .

A c e l l u l a r  i n f i l t r a t e  in  the p e r ib ro n c h io la r  t i s su e s  which 

was predominant ly composed o f  lymphocytes was more t y p i c a l  o f  RS 

v i r a l  i n f e c t i o n .  In PI3 v i r a l  i n f e c t i o n s  plasma c e l l s  were u sua l ly  

the predominant c e l l  t yp e .  N e u t ro p h i l i c  i n f i l t r a t e s  seemed to  be 

more marked in  PI3 v i r a l  i n f e c t i o n s .  However, whether these were a 

response to  v i r a l  damage or  t o  secondary b a c te r ia l  i n f e c t i o n  was 

not c le a r .  E p i t h e l i a l  vacuoles con ta in ing  aggregates o f  

n e u t ro p h i l s  and c e l l u l a r  debr is  were present in  one case o f  PI3 

v i r a l  i n f e c t i o n  but were not present in  any of the RS v i r a l  cases. 

The s ig n i f i c a n c e  o f  the observa t ions  w i th  regard t o  PI3 v i r a l  

I n f e c t i o n  must be i n te r p re te d  w i th  caut ion  as only  th ree  in d iv id u a l  

cases in  which v i r a l  an t igens were present were de tec ted .

There i s  no doubt t h a t  these two v i ruses  are impor tan t  

causes o f  r e s p i r a to r y  disease in  the bovine. The pathogenesis o f 

the  i n f e c t - ' ans i s  s t i l l  not f u l l y  e lu c id a te d  but the observat ions 

in  these in v e s t ig a t i o n s  have h ig h l ig h te d  several areas worthy of
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c lo s e r  s tudy, p a r t i c u l a r l y  in  r e l a t i o n  to the epidemiology of the 

v i ru s  in  popuations o f  animals. I d e n t i f i c a t i o n  o f  p o te n t ia l

sources o f  v i r a l  i n f e c t i o n  w i l l  be impor tant in the development of 

e f f e c t i v e  disease con t ro l  measures, whether these are based on 

housing, management or va cc in a t io n .
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APPENDIX 1

TISSUE CULTURE MEDIA

The t i s s u e  c u l t u r e  media which were used were based on 

Eagle's  medium (Glasgow m o d i f i c a t i o n )  supplemented w i th  foe ta l  c a l f  

serum (v i ru s  and mycoplasma screened; G ib co -B io cu l t ,  U .K .) ,  Extra 

a n t i b i o t i c s  were added f o r  v i ru s  t r a n s p o r t  medium (VTM) and fo r  the 

e a r ly  stages o f  v i r a l  i s o l a t i o n  (EFC2.5XAB). The concent ra t ions  of 

a n t i b i o t i c s  used were:-

VTM P e n ic i11 in  

Streptomyci n 

Ty los i  ne 

Amphoter ic in  B

lOOIU/ml 

lOOlU/ml 

60pg/rnl 

2 . 5yg/ml

EFC2.5XAB Tylosi  ne 

Amphoter ic in B

60yg/ml 

2 . 5yg/ml

HISTOPATHOLOGICAL FIXATIVES

The two f i x a t i v e s  used were 10% bu f fe red  neutra l  fo rm a l in  

(BNF) and co r ros ive  formal ( c o r r o s i v e ) .  The formulae f o r  these 
w e re : -

BNF Sodium dihydrogen phosphate (anhydrous) 8.75g 

Di-sodium hydrogen phosphate (anhydrous) 16.25g 

Formaldehyde (40% w/v) 250ml

D i s t i l l e d  water 2250nl

Corrosive Saturated mercur ic  ch lo r id e  

Formaldehyde (40% w/v)
900ml

100ml

2 6 7 ! u .
I '




