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SUMMARY

Neonatal  c a l f  d ia rrhoea  is a major problem in many parts  o f  

the w or ld .  Most inc idents  appear to  be in fe c t io u s  in o r i g i n  and a 

l a rg e  number o f  organisms have been inc r im in a ted  as poss ib le  pathogens.  

However, the m a jo r i t y  o f  outbreaks a re  probably due t o  e i t h e r  

enterotoxaemic  s t r a in s  o f  Escher ich ia  c o l i  o r  r o t a v i r u s  a c t in g  e i t h e r  

alone  or  in combinat ion.  The ep idem io log ica l  fe a tu re s  o f  neonatal  c a l f  

d ia rrho ea  r e f l e c t  occasional  imbalances between the  weight  o f  pathogenic  

cha l lenge  and the leve l  o f  acquired ( c o l o s t r a l )  immunity. Treatment  

u s u a l ly  involves the a d m in is t r a t io n  o f  a n t i b i o t i c s  w i th  or  w i th o u t  f l u i d  

and e l e c t r o l y t e s  and t r e a t e d  calves  commonly d i e .  Prevention  

techniques u s u a l ly  involve  c are fu l  a t t e n t i o n  to  colostrum fe e d in g ,  

improved hygiene and the o f te n  long-term a d m in is t r a t io n  o f  a n t i b i o t i c s .

One possib le  a l t e r n a t i v e  to  t h i s  l a t t e r  approach is to  feed var ious  

“ l a c t i c  acid  b a c t e r i a "  in an a ttempt  to  e s t a b l i s h  a balanced i n t e s t i n a l  

f l o r a  and the aim o f  t h i s  s er ie s  o f  in v e s t ig a t io n s  was to  in v e s t ig a t e  

the e f f i c a c y  o f  one commercial product,  namely LBC concentra te  M10 which 

is  a l y o p h i l i s e d  fo rm u la t io n  o f  Streptococcus faecium (C e rn e l le  s t r a i n  6 8 ) .

Before each t r i a l  commenced the t rea tment  and contro l  groups 

were c a r e f u l l y  balanced in terms o f  bodyweight and serum immune g lo b u l in  

s t a t u s ;  fu r therm ore ,  group a l l o c a t i o n s  and penning arrangements were 

such t h a t  the re  was a good chance o f  an "even" pathogenic  cha l len g e .

No a t tempt  was made to  i d e n t i f y  the na ture  of  t h i s  cha l lenge  a lthough no 

c a l f  developed d ia rrhoea  due to Salmonella  i n f e c t i o n .  In a l l  96 ,  h -7  

day o ld  A y rsh ire  bu l l  ca lves  were used in f i v e  separa te  t r i a l s .  The 

r e s u l t s  ind ica ted  t h a t  LBC as a m i lk  supplement f o r  young bu cke t - fed  

calves  produced d e f i n i t e  (and o f t e n  s t a t i s t i c a l l y  s i g n i f i c a n t )  b e n e f i t s  

In terms o f  less d ia r rh o e a ,  fewer deaths and g r e a t e r  weight ga ins .



However, th e re  were strong suggestions t h a t  i t s  e f f e c t s  could be 

overwhelmed w i th  increased pathogenic c ha l lenge  and were a ls o  dependant  

on the  na ture  o f  the d i e t .  The r e s u l t s  o f  these s tudies  suggested t h a t  

the d i f fe r e n c e s  in growth ra tes  between t e s t  and contro l  ca lves  is due 

to  the  e f f e c t s  o f  d ia rrho ea  in the c o n tro ls  r a t h e r  than to  a growth-  

promotional e f f e c t  o f  LBC in the trea tment  group.

I t  was concluded th a t  the feeding o f  LBC and s i m i l a r  products  

is worthy of  f u r t h e r  study since i t  may wel l  lead to  the development of  

an e f f e c t i v e  a l t e r n a t i v e  to  mass medication w i th  a n t im ic r o b ia l  compounds.

x i i
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NEONATAL CALF DIARRHOEA



CHAPTER 1

NEONATAL CALF DIARRHOEA

Neonatal  d ia rrhoea  ( synonyms, c a l f  d ia r r h o e a ,  c a l f  s c o u r ( s ) ,  

w h i te  scour (s ) )  is a common disease hazard in both d a i ry  and beef  herds.  

By d e f i n i t i o n  (Acres,  1976 ) ,  i t  a r is e s  some t ime during the f i r s t  four  

weeks o f  l i f e  al though the  most hazardous per iod is w i t h i n  seven to  ten 

days o f  b i r t h  (W ithers ,  1952; 1953) .  The co n d i t io n  is c h a ra c te r is e d  

c l i n i c a l l y  by vary ing  degrees o f  d iarrhoea  and dehydration which o f t e n  

r e s u l t  in depression and w e ig h t - lo s s ;  when death occurs ,  i t  is u s u a l ly  

w i t h i n  a few days o f  the onset of  disease and gross post-mortem f in d in g s  

a re  u s u a l ly  l i m i t e d  to  dehydra tion and a f l u i d - f i l l e d  i n t e s t i n a l  t r a c t  

(R a d o s t i ts ,  1965 ) .  Neonatal  c a l f  d ia rrhoea  i s ,  w i thout  doubt,  the  

commonest cause o f  death during  the  neonatal  per iod  (see Tables  1 and 2,  

Leech and o th e rs ,  1968).

HISTORICAL ASPECTS

The.problem o f  neonatal  d ia rrhoea  has been recognised in 

B r i t a i n  f o r  a t  l e a s t  200 years ( M i l l s ,  1776) but the  f i r s t  suggestion  

th a t  th e re  appeared to  be an a s s o c ia t io n  between the c o n d i t io n  and 

Escher ich ia  col i i n f e c t i o n  were made by Jensen (1893) fo l lo w in g  

in v e s t ig a t io n s  in to  a p a r t i c u l a r l y  severe and p e r s is t e n t  neonatal  

d iarrho ea  problem on a l a r g e  d a i r y  farm in Denmark. T h is ,  and many 

s i m i l a r  observations s ince  t h a t  t im e ,  have lead t o  the  widespread use 

o f  y e t  another term, “col ib a c i l  l o s i s 11 (see be low) .  Neonatal  c a l f  

d iarrho ea  was a ls o  claimed to  be a major cause o f  death in c e r t a i n  

pa r ts  o f  I r e la n d  during the  e a r l y  p a r t  o f  t h i s  century  (McFadzean and 

D o l l a r ,  1903) and somewhat l a t e r ,  a study o f  c e r t a i n  se le c ted  ( i . e .  

problem) herds in Scotland revealed th a t  neonatal  m o r t a l i t y ,  t h a t  is
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main ly  fo l lo w in g  d ia r rh o e a ,  ranged from 2 0 .6  per cent to  2 3 .7  per cent  

(Jordan, 1933) .  L a te r  surveys,  which were c a r r i e d  out on l a r g e r  

populat ions o f  c a t t l e  and not r e s t r i c t e d  to  "problem fa rms" ,  revea led  

t h a t  c a l f  m o r t a l i t y  up to  s ix  months o f  age in England and Wales was 

5 . 5  per cent (Lovel l  and H i l l ,  19^+0) and 6 .8  per cent (W ithers ,  1952;  

1953) and in Scot land,  1 1 .4  per cent (Lovel l  and H i l l ,  1940) and 1 1 .9  

per cent (Withers ,  1952; 1953 ) ;  48 per. cent o f  deaths in the s tud ies

by Withers  (1952; 1953) occurred w i t h i n  the f i r s t  week o f  l i f e  and in 

h is  view, the commonest cause o f  death was " c o l i b a c i 11o s is " .  This  

view would be supported by the f in d in g s  o f  a study c a r r i e d  out by 

Gibson (1961) on dead calves  submitted f o r  post-mortem examinat ion to  

V e t e r in a r y  I n v e s t ig a t io n  Centres in England and Wales,  1959-1960  

(Table  3) a l though,  cl e a r l y , . some doubt must now e x i s t  as to  the  

accuracy o f  d iagnosis  v i s - a - v i s  " c o l i b a c i l l o s i s " .

Many fa c to r s  have been shown to  a f f e c t  the ra tes  and pa t te rns  

o f  neonatal  c a l f  m o r t a l i t y .  Withers  (1952,  1953) was f i r s t  to  

demonstrate the  important e f f e c t  o f  how colostrum is  f i r s t  ad m in is te re d ;  

when t h i s  is from a pa i l  the m o r t a l i t y  r a t e  is th re e  times h igher  than 

i f  newborn calves  f i r s t  o b ta in  colostrum by natura l  s u ck l in g .  Other  

f a c t o r s  (Table 4) , such as season (Leech and o th e r s ,  1968; Oxender and 

o th e r s ,  1973) and place  o f  b i r t h  (Leech and o th e rs ,  1968; Selman and 

o th e r s ,  1970) would seem merely to  r e f l e c t  a c a l f ' s  chances o f  f i r s t  

o b ta in in g  colostrum by natura l  suck l ing  (Selman, 1 9 7 3 ) .  There is a ls o  

a breed fa c t o r  involved in neonatal  c a l f  m o r t a l i t y  (W ithers ,  1952; 1953) 

although on many occasions t h i s  may simply r e f l e c t  d i f f e r e n t  forms o f  

husbandry (Selman and o th e rs ,  1970).

In a survey c a r r i e d  out about ten years ago, i t  was est imated  

th a t  each year  in B r i ta in , *  89,000  l i v e - b o r n ,  c o lost rum -fed  calves  d ie

2
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(Leech and o th e rs ,  1968) ;  the economic loss has not been est imated  

but must stand a t  many m i l l i o n s  o f  pounds. In Scot land,  i t  has been 

est imated t h a t  around 14,000  d a i ry  h e i f e r  ca lves  died a n nua l ly  (Selman,  

1969) but again the cost has not been assessed..

DISTRIBUTION

The geographical  d i s t r i b u t i o n  o f  neonatal  c a l f  d ia rrhoea  and 

m o r t a l i t y  has been discussed by Love l l  (1955) and Sojka (1971) who both 

have emphasised t h a t  the  c o n d i t io n  has been recognised and documented 

in many d i f f e r e n t  countr ies  inc lud ing  A f r i c a ,  A s ia ,  the Americas,  

A u s t r a la s ia  and Europe.  In g e n e ra l ,  the s i t u a t i o n  in more temperate  

areas are  s i m i l a r  to  those described f o r  B r i t a i n .  U s ua l ly  neonatal  

c a l f  d ia rrhoea  emerges as a s i g n i f i c a n t  problem in developing c ountr ies  

when l i v e s t o c k  i n t e n s i f i c a t i o n  takes place  a lthough i t  should be noted 

th a t  l i t t l e  in form at ion  is a v a i l a b l e  regarding neonatal  losses under 

less  in te n s iv e  c ond i t ions  in these c o u n t r ie s .

Since a number o f  d e t a i l e d  s tu d ies  have been made in the  

United S ta te s ,  c e r t a i n  o f  the f in d in g s  should be emphasised. Est imates  

o f  neonatal  m o r t a l i t y  ra te s  range from e ig h t  to  25 per cent (L a s s i te r  

and Seath,  1955; G ru n se l , 1956) and the f i n a n c ia l  loss (1964) has been 

est imated fo r  both beef and d a i ry  c a t t l e  as w el l  in excess o f  % 40M 

(Amstutz,  1965) but when 1973 values a re  considered,  losses might wel l  

exceed $ 200M (Oxender and o th e rs ,  1 973 ) .  One study on h e i f e r  calves  

in New York S ta te  (Hartman and o th e r s ,  1974) revea led  t h a t  in d a i r y  

(Ho ls te in )  herds,  m o r t a l i t y  was not a f f e c t e d  by d i e t  ( i . e .  whether  

calves  were fed m i lk  o r  m i lk  s u b s t i t u t e )  but d id  increase  w i th  

increasing  herd s i z e .  Another f in d in g  which is o f  p a r t i c u l a r  

i n t e r e s t  in view o f  the "personal f a c t o r s "  mentioned by Withers  (1952,  

1953) was th a t  the  m o r t a l i t y  r a t e  a p p a re n t ly  depended to  a g re a t  ex ten t

3



on which p a r t i c u l a r  member o f  the u n i t  was car in g  fo r  the young calves  

(Table 5 ) ;  calves  tended by mothers or wives had almost tw ice  the  

surv iv a l  chances than calves  tended by h i re d  labour  (Oxender and o th e r s ,

1 973 ) .

CLIN ICAL AND EPIDEMIOLOGICAL FEATURES

Modern epidemiology is based upon the  premise t h a t  diseases  

in populat ions have m u l t i p l e  determinants and t h a t  these u s u a l ly  inc lude  

one or  more s p e c i f i c  in fe c t io u s  agents as wel l  as f a c to r s  assoc ia ted  

w ith  the hosts and t h e i r  environments (Schwabe and o t h e r s ,  1974) and 

c e r t a i n l y  such a s i t u a t i o n  has long been suspected as occurr ing  in 

neonatal  c a l f  d ia r rh o ea .

Salmonellosis  a p a r t ,  neonatal  c a l f  d ia rrho ea  may assume 

several  d i f f e r e n t  c l i n i c a l  forms (Gay, 196 5 ) .  In one form, a syndrome 

g e n e r a l l y  associated  w i th  c o l is e p t i c a e m ia ,  progress ion to  death is 

u s u a l ly  so rap id  th a t  d ia rrho ea  is minimal or  absent (Gay, 1 965 ) .  In 

the e n t e r i c  toxaemic form o f  the disease th e re  is  u s u a l ly  profuse  

dia rrhoea  and rap id  p r o s t r a t i o n  and death not in f r e q u e n t ly  supervene.

The syndrome a r is e s  as the r e s u l t  o f  p r o l i f e r a t i o n  o f  c e r t a i n  s p e c i f i c  

s t r a in s  o f  E. c o l i  w i t h i n  the  gut lumen; death is due to  the absorpt ion  

of  e n te ro to x in s  (Gay, 1 96 5 ) .  In r e t r o s p e c t ,  i t  is now c l e a r  t h a t  the  

syndrome which was described by Gay (1965) as " e n t e r i c  c o l i b a c i l l o s i s "  

is very  probably o f  mixed or a l t e r n a t i v e  a e t io l o g y .  C e r t a i n l y ,  the  

e a r l y  exper imental  work which inc r im in a ted  E. c o l i  w i th  t h i s  l a s t  

syndrome ( i . e .  in the absence o f  s p e c i f i c  e n te ro to x in -p ro d u c in g  

serotypes of  E . c o l i )  only  described q u a n t i t a t i v e  changes in the counts 

of  these organisms in the  upper small i n t e s t i n e  (Carpenter and Woods, 

1924; Smith and O r c u t t ,  1925 ) .  Thus, w h i le  in c e r t a i n  cases,  E.  c o l i  

i n f e c t i o n  may be the prime reason fo r  the problem, i t  is  very  probable
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t h a t  in o th e rs ,  r o ta v i r u s  (Woode and o th e rs ,  197*0 or some o ther  v i r a l  

agent is o f  major importance. Indeed i t  was once suggested,  on the  

basis o f  incons is ten t  b a c t e r ia l  i s o la t io n s  t h a t  the syndrome c a l l e d  

e n t e r i c  c o l i b a c i l l o s i s  by Gay (1965) might w e l 1 be caused by 

" n u t r i t i o n a l  f a c t o r s "  (Smith,  1 962 ) .  N e v er th e le ss ,  even in t h i s  l a t t e r  

syndrome, gross m etabolic  derangements may a r i s e  due to  severe d iarrhoea  

and t h i s  may lead to  a m etabolic  a c idos is - ind uced  primary acute  hear t  

f a i l u r e  and death (F is h e r ,  1965).

E a r ly  d e sc r ip t io n s  o f  neonatal  c a l f  d ia rrhoea  d id  n o t ,  o f  

course,  re so r t  to  the type o f  subd iv is ion  suggested l a t e r  by Gay (1 965 ) .  

However, i f  only  fo r  t h e i r  c l i n i c a l  d e t a i l ,  i t  is worthwhi le  paying them 

1 imited  a t t e n t i o n .

"Acute cases o f  w h i te  scour f r e q u e n t l y  te rm in a te  in 

septicaemia  and in such cases the  c a l f  may be found p r o s t r a te d .  Death 

occurs w i t h i n  a few hours.  In the less  acute  form o f  the disease the  

c a l f  becomes very d u l l ,  refuses to  suck and may stand w i th  head down 

and a f i x e d  expression .  Diarrhoea then u s u a l ly  f o l lo w s ,  the faeces 

have a p e n e t ra t in g  and unpleasant odour,  a re  g r e y is h - w h i t e ,  and 

sometimes conta in  gas.  Consistency o f  faeces is u s u a l ly  f a i r l y  f i r m  

a t  f i r s t  but becomes s t e a d i l y  weaker,  the coat becomes rough and the  

eyes sunken, the  animal has a depressed appearance and tends to  l i e  a 

g r e a t  deal in a s t re tc h e d -o u t  p o s i t io n ,  being r e lu c t a n t  t o  r i s e .  I f  

forced to  i t s  f e e t  the c a l f  stands w i th  i t s  back arched, e x h i b i t i n g  

abdominal p a in ,  s t r a in i n g  and passing l i q u i d  faeces which sometimes 

may conta in  b lo o d -s ta in ed  mucous" (Smith,  193*+).

" In  some cases the d ia rrhoea  continues and in o thers  the  

scouring  is i n t e r m i t t e n t .  The a f f e c t e d  animal becomes very  weak, 

o f t e n  showing evidence o f  dehyd ra t ion ,  temperature  becomes subnormal
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and the c a l f  f i n a l l y  becomes p r o s t r a te  w i th  cold e x t r e m i t i e s  and mouth. 

Death u s u a l ly  fo l low s  r a p id ly  a t  t h i s  stage a f t e r  the s t a t e  o f  coma. 

Recovered calves f r e q u e n t ly  show a p o t - b e l l i e d  appearance and the re  is 

o f te n  loss o f  h a i r  round the muzzle,  behind the ears and down the leg s"  

(Disease o f  farm l i v e s t o c k ,  1957 ) .

"Some cases show pneumonic symptoms and sometimes, in 

p ro t ra c te d  cases,  tenderness and s l i g h t  s w e l l in g  o f  the j o i n t s  are  

n o t ic ed "  (Jordan, 1933) .

A l a t e r  observat ion  might a ls o  be included here;  'M e n i n g i t i s  

was a ls o  common in calves  w i th  or  w i thout  i n t r a - o c u l a r  abscesses"  

(Mosher and o th e rs ,  1968) .

There is l i t t l e  doubt th a t  the c l a s s i f i c a t i o n  suggested by 

Gay (1965) g r e a t l y  s i m p l i f i e d  the  c l i n i c a l  s i t u a t i o n  in what he termed 

"col i b a c i 11 os i s " .  However, the p r o b a b i l i t y  t h a t  the  a e t io l o g y  o f  his  

" e n t e r i c  c o l i b a c i l l o s i s "  form o f  the d isease is not simply E. c o l i  

i n f e c t i o n  should be borne in mind. A summary o f  syndromes reported  

in a q u e s t io n n a i re  survey by Leech and others  (1968) emphasises the  

high preva lence o f  d ia rrhoea  (Tables 1 and 2 ) .

Whi le  a f u l l  d iscussion of  the mechanism involved in the  

absorpt ion  o f  c o lo s t ra l  g lo b u l in s  by newborn calves  and the  importance  

of  t h i s  phenomenon to  t h e i r  h e a l th  and w e l l -b e in g  is d e a l t  w i th  in the  

next ch ap ter ,  the subject  deserves b r i e f  c o n s id e ra t io n  here because 

o f  the  marked e f f e c t  v a r i a t i o n s  in c o lo s t r a l  g lo b u l in  a bsorpt ion  e xe r t  

on the  epidemiology o f  neonatal  c a l f  m o r t a l i t y  and d ia r rh o e a .

B r i e f l y ,  calves  a re  born agammaglobulinaemic and a re  

dependant upon a c q u i r in g  a n t ib o d ies  from t h e i r  dam's colostrum. The 

importance o f  colostrum in c o n fe r r in g  re s is te n ce  t o  c e r t a i n  neonatal

6



disease was demonstrated almost 60 years ago (Smith and L i t t l e ,  1922) 

although i t  has a l re ad y  been emphasised th a t  vast numbers o f  co lostrum-  

fed calves d ie  annua l ly  in B r i t a i n  (Leech and o t h e r s ,  1 96 8 ) .  The 

i n d ica t io n s  are  th a t  the bulk  o f  these c a lv e s ,  al though c o lo s t ru m - fe d ,  

have f a i l e d  to absorb immunological ly adequate q u a n t i t i e s  o f  an t ibody;  

in o ther  words they are  agamma or hypogammaglobulinaemic d esp i te  t h e i r  

having been fed colostrum (Selman, 1969; 19 7 3 ) .  Many surveys have now 

shown th a t  a marked in d iv id u a l  v a r i a t i o n  e x i s t s  in the  a b i l i t y  w i th  

which calves  absorb c o lo s t ra l  g lo b u l in s  (Gay and o th e r s ,  1965; McEwan 

and o th e rs ,  1970; Selman and o th e r s ,  1970) and the f a c t o r s  which have 

been shown to  s i g n i f i c a n t l y  a f f e c t  absorpt ion  e f f i c i e n c y  under  

p r a c t i c a l / f a r m i n g  cond i t ions  have been def ined by Selman (1969; 1971;  

1973) .  These are  the t iming o f  the f i r s t  feed o f  co lostrum,  the mass 

of  g lo b u l in  presented,  the presence o f  the dam and the breed o f  c a l f  

(al though under p ra c t ic a l  farming c ond i t ions  i t  would seem th a t  t h i s  

l a t t e r  f a c t o r  is o f  considerab ly  less s ig n i f i c a n c e  than the f i r s t  

t h r e e ) .  Furthermore,  i t  has been suggested (Selman, 1969; 1971; 1973) 

th a t  the  vary ing  pa t te rn s  o f  neonatal  m o r t a l i t y  and d iarrhoea  

(e s p e c ia l l y  those due to  season, place  o f  b i r t h  and method by which 

colostrum is f i r s t  presented) merely repeat vary ing  uptakes in 

c o lo s t r a l  immunoglobulin as a r e s u l t  o f  vary ing  a b i l i t i e s  o f  calves  

born under d i f f e r i n g  cond i t ions  to  f i r s t  ob ta in  colostrum by natura l  

s u c k l in g .

POST-MORTEM FINDINGS

In calves  which have died from the sept icaemic  form of  

c o l i b a c i l l o s i s , the re  may be no sign o f  d ia rrhoea  having occurred  

although q u i te  o f t e n  scanty s em i -s o l id  faeces may be found s ta in in g  

the  t a i l  and perineum (Gay, 1 965 ) .  Other signs may inc lude s p le n ic

7



enlargement,  Petechia l  haemorrhages on sp leen ,  h e a r t ,  kidney and thymus 

and excessive f l u i d  in j o i n t - c a v i t i e s ,  sometimes c onta in ing  c lo t s  o f  

f i b r i n  (McEwan, 1968) .

In calves  which have died as the r e s u l t  o f  severe d ia r rh o e a ,  

the  gross post-mortem f in d in g s  a re  o f t e n  l i m i t e d  to  signs o f  marked 

w e ig h t - lo s s  and /or  dehydra tion and faecal  s t a in in g  o f  the t a i l  and 

h in d q u a r te rs .  In newly-dead animals th e re  is  u s u a l ly  no marked 

d i s c o l o r a t i o n  o f  the i n t e s t i n e  and the o th e r  v isc era  appear normal; 

th e re  is o f ten  d is ten s io n  o f  the u r in a r y  b la d d e r .  In cases which 

have survived f o r  several  days the re  may be signs o f  an acute  exudat ive  

pneumonia which is u s u a l ly  assumed to have a r is e n  as the r e s u l t  o f  

h y p o s ta t ic  congestion (Obi,  1980 ) .

Since h is to p a th o lo g ic a l  s tud ies  a re  h a rd ly  ever c a r r i e d  out  

in such cases and a lso  the d e t a i l e d  in fo rm a t ion  which e x i s t s  is mostly  

based on examination o f  experimental  cases,  t h i s  aspect w i l l  be 

discussed l a t e r .

AETIOLOGY

For many y e a rs ,  c a l f  d ia rrhoea  has been considered to  be a 

somewhat complicated c o n d i t io n .  Whi le  i t  has been emphasised th a t  

dia rrhoea  per se should be thought o f  as merely  a c l i n i c a l  

m a n i fe s ta t io n  o f  several  d i f f e r e n t  diseases ( L o v e l l ,  1 95 5 ) ,  most 

a u t h o r i t i e s  have tended to  regard neonatal  c a l f  d ia rrhoea  as p r i m a r i l y  

an in fe c t io u s  d isorder  which e xe r ts  i t s  most severe e f f e c t s  in agamma 

or hypogammaglobulinaemic c a lv e s ,  p a r t i c u l a r l y  in the face  of  adverse  

environmenta l ,  managemental or n u t r i t i o n a l  s t a t e s .  However, over the  

l a s t  10-15 years there  has been a d i s t i n c t  change in emphasis regarding  

the nature  o f  the in fe c t io u s  agent (s) .
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E ar ly  research work in to  e n t e r i c  disease was l a r g e l y  d i re c te d  

towards studying the b a c t e r i a l  populat ions o f  c a l f  i n t e s t i n e  (Jensen,  

1893; Love l l  and Hughes, 1935) and as a r e s u l t  i t  became accepted th a t  

by f a r  the most s i g n i f i c a n t  cause o f  neonatal  c a l f  d ia rrho ea  was the  

bacter ium,  Escher ich ia  c o l i . However, in more recent t im es ,  l a r g e l y  

as the r e s u l t  o f  in v e s t ig a t io n s  o r i g i n a l l y  c a r r i e d  out in the United  

States  (Mebus, 1975) an a s s o c ia t io n  between neonatal  c a l f  d ia rrhoea  

and c e r t a i n  v i ru s  in f e c t io n s  have been h ig h l ig h te d  and w h i le  i t  is  now 

w id e ly  held th a t  e i t h e r  c la ss  o f  organism may be responsib le  f o r  

outbreaks of  neonatal  c a l f  d ia r rh o e a ,  n e i t h e r  the r e l a t i v e  prevalence  

o f  the two in fe c t io n s  nor the p o s s i b i l i t y  th a t  they may ac t  in concert  

to  the detr iment o f  a young c a l f  appears to  have been in v es t ig a te d  

w ide ly  in the f i e l d .

The fo l lo w in g  sec t ion  reviews the l i t e r a t u r e  regarding ( i )  

b a c t e r i a ,  ( i i )  v iruses and ( i i i )  predispos ing fa c t o r s  assoc iated  w i th  

neonatal c a l f  d ia r rh o e a .  However, most emphasis a t  present regarding  

a e t i o l o g i c a l  agents Is on E. col i and r o t a v i r u s  in fe c t io n s  since  

c u r r e n t  in format ion  would suggest th a t  these a re  the  most s i g n i f i c a n t  

micro-organisms in t h is  syndrome and these two in fe c t io n s  a re  d e a l t  

w ith  in most d e t a i l .

( i )  Ba c te r ia

Although Jensen (1893) was prepared to  suggest t h a t  the  

b a c t e r i a  which he found in the  faeces o f  d i a r r h o e i c  ca lves  were a c t u a l l y  

causing th a t  problem, l a t e r  f in d in g s  th a t  such organisms were a ls o  

present in the s too ls  o f  he a l th y  calves  made i t  q u i t e  c l e a r  th a t  the  

co n d i t io n  was not a simple in fe c t io u s  process.  E ve n tu a l ly  i t  was 

e s tab l is h e d  th a t  many d i f f e r e n t  s t r a in s  o f  E. c o l i  e x is te d  and much 

e f f o r t  was d i r e c te d  towards typ ing these s t r a i n s ,  p a r t i c u l a r l y  using
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s ero log ica l  (sero) typing techniques presumably in the hope th a t  c le a r  

d i s t i n c t i o n s  could be made between the E. c o l i  serotypes o f  diseased  

and heal thy  c a lv e s .

The i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  o f  these var ious  

serotypes is dependant upon the re co g n i t io n  o f  h e a t - r e s i s t i n g  "O'1 

(somatic) a n t ig e n s ,  "K" (Capsular) antigens and, to  a le s s er  e x te n t  "H" 

( F l a g e l l a r )  antigens  in those s t r a in s  which are  m o t i l e .  The "K" 

antigens may be subdivided f u r t h e r  in to  "A11, "B" or  "L" forms according  

to  t h e i r  r e l a t i v e  h e a t - s t a b i 1 i t y . The d ia g n o s t ic  scheme o f  Kauffmann-  

K n ip sch i ld t -Vah l  ne (1947) included 126 "O" groups which were subdivided  

according to t h e i r  "K" and "H" a n t ig e n s .  This scheme has g ra d u a l ly  

been enlarged (Edwards and Ewing, 1962) and f a i r l y  r e c e n t l y ,  in a review  

o f  the s i t u a t i o n ,  Sojka (1971) claimed a t o t a l  o f  146 "0"  antigens  

which sometimes e x h ib i t e d  c r o s s - r e a c t i v i t y  ( i . e .  a n t ig e n ic  r e la t i o n s h i p )  

between themselves and a ls o  o ther  antigens o f  o th e r  members o f  the  

class E n te ro b ac te r iac a e . The same author  s ta te d  t h a t  to  t h a t  date a 

t o t a l  o f  91 "K" antigens and 49 "H" antigens had been i d e n t i f i e d .

Using such a scheme, many attempts  have been made to  i d e n t i f y  

"pathogenic"  types of  E . c o l i  and such an approach has met w i th  a c e r t a i n  

degree o f  success a t  l e a s t  in some o f  the forms o f  c o l i b a c i l l o s i s  (Gay, 

196 5 ) .  C e r ta in  workers (Smith and O r c u t t ,  1925; L o v e l l ,  1955) f e l t  

t h a t  in young c a lv e s ,  a d e l i c a t e  balance e x is te d  between the var ious  

serotypes of  E . c o l i  and o ther  organisms which were present on the  

mucous membrane o f  the a l im e n ta ry  t r a c t  and when t h i s  was upset in 

favour o f  E . c o l i . d ia rrhoea  occurred.  The same authors  f e l t  t h a t  

whether or not death occurred depended upon the s t r a i n ( s )  o f  E . c o l ? 

which were present and "o th er  (host) f a c t o r s " ;  they recognised t h a t  

lack  o f  colostrum was an important c o n t r ib u to ry  f a c t o r  but suggested
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t h a t  immunological s p e c i f i c i t y  of  colostrum was e q u a l ly  important.

Healthy  and d ia r r h o e ic  calves  may harbour s i m i l a r  E. c o l i  

populat ions in t h e i r  i n t e s t in e s  (Smith,  1 96 2 ) .  However, i t  has been 

shown t h a t  c e r t a i n  s t r a in s  o f  E. col i may increase in v i r u le n c e  a f t e r  

producing septicaemia  or d iarrhoea (Amstutz,  1965) and t h i s  has 

prompted o ther  workers (Glantz and o th e r s ,  1972) to  suggest t h a t  a 

" h e a l t h y "  balance may be upset so th a t  e v e n t u a l l y  a "pathogenic"  s t r a i n  

may become dominant and thus g ive  r i s e  to  an outbreak  o f  neonatal  

d ia r r h o e a .  That t h i s  s i t u a t i o n  may be respons ib le  f o r  the i n f e c t i o n  

" b u i ld - u p "  in a c a l f  house has a ls o  been suggested by Wood (1955) .

C e r ta in  o the r  techniques have been devised to  a ttempt to  

assess the p a thoge n ic i ty  o f  d i f f e r e n t  E. c o l i  serotypes in v i t r o . 

Perhaps the most in t e r e s t i n g  are  the s tu d ies  o f  Smith and H a l ls  (1967) 

which In v e s t ig a te d  the a b i l i t y  o f  d i f f e r e n t  serotypes to  d i l a t e  l i g a t e d  

i n t e s t i n a l  loops f o l lo w in g  the re lease  o f  e n te r o to x in  ( s ) . This work 

was l a t e r  developed (Bywater,  1970) and d i l a t a t i o n  was q u a n t i f i e d  in 

terms o f  the dynamics o f  f l u i d  t r a n s f e r  across the i n t e s t i n a l  

e p i t h e l iu m .  From these s tudies  i t  would appear t h a t  on ly  c e r t a i n  

serotypes a re  capable o f  producing p h a r m a c o l o g i c a l l y - s i g n i f i c a n t  

q u a n t i t i e s  of  e n te ro to x in  (s) (see be low) .

In one at tempt to  c l a r i f y  the s i t u a t i o n  regarding the  r o le  

o f  E. c o l i  in neonatal  c a l f  d iarrhoea and disease (Gay, 1965) i t  was 

suggested t h a t ,  as a f i r s t  s tep ,  care should be taken to  d e f in e  the  

form o f  c o l i b a c i l l o s i s  being encountered or in v e s t ig a t e d .  The a u th o r ,  

h i m s e l f ,  de f ined three  forms o f  c a l f  c o l i - b a c i 1 1os is  ( i )  

c o l i s e p t i c a e m ia , in which systemic invas ion o f  c e r t a i n  s t r a in s  o f  

E. col i a r i s e s ,  causing bacteraemia and u s u a l ly  death w i t h i n  48 hours
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( i i )  enterotoxaemic  (or iso) c o l i b a c i l l o s i s ,  in which in f e c t i o n  by 

c e r t a i n  "mucoid" s t r a in s  o f  E. c o l i  is l i m i t e d  to  the i n t e s t i n a l  t r a c t  

but where the  re le ase  and absorpt ion  o f  "e xo tox ins "  (s ic )  produces 

severe d ia r rh o e a ,  co l lapse  and o f t e n  f a i r l y  rap id  death and ( i i i )  

e n t e r i c  c o l i b a c i l l o s i s  in which l o c a l i s e d  (a l im entary )  i n f e c t i o n  

occurred w i th  a m u l t i p l i c i t y  o f  s t r a in s  o f  E. c o l i . a v a r i a b l e  degree  

o f  d iarrhoea  occurred lead ing  to  death in only  the most severe cases.  

Each o f  these forms w i l l  be discussed in tu rn :

C o l i s e p t ic a e m ia : In t h i s  form o f  c o l i b a c i l l o s i s ,  d ia rrhoea  may or may

not occur depending on the surv iva l  t ime .  A high but t r a n s ie n t  fe v e r  

may be d e tec ted ,  soon to  be fo l lowed by p r o s t r a t i o n  and, very commonly, 

death .  At necropsy,  petechae may be found in many organs but 

e s p e c i a l l y  the kidneys,  spleen and lungs; the j o i n t s  may be swollen  

w i th  increased amounts o f  synovial  f l u i d .  M e n in g i t i s  is a ls o  common

(Fey,  1972 ) .  The disease is l i m i t e d  to  the f i r s t  week o f  l i f e  under 

both f i e l d  and experimental  condi t ions  and is the usual cause o f  death 

in agamma or markedly hypogammaglobulinaemic c a lv e s .

The b a c t e r i a l  f in d in g s  in t h i s  syndrome have been reviewed  

by Gay (1965) and Fey (1972) who both commented upon the e x t r a o r d in a r y  

v a r i a b i l i t y  o f  E . c o l i  serotypes invo lved .  T h is ,  and the  f in d in g  

t h a t  th e  common col isept icaemia  s t r a in s  are  a ls o  those which are  most 

f r e q u e n t ly  i s o la te d  from hea l th y  calves  (Kaeckenbeeck and Thomas, i 960) 

s t ro n g ly  suggests t h a t  almost any s t r a i n  may be capable o f  systemic  

invas ion given the r i g h t  oppor tu n i ty  ( i . e .  an agamma or markedly  

hypogammaglobulinaemic c a l f ) .

Enterotoxaemic C o l i b a c i l l o s i s :  This form o f  c o l i b a c i 1 1os is  is

c h ara c te r is e d  by a sudden onset ,  and severe d ia rrhoea  u s u a l l y ,  but not 

always,  in calves under one week o f  age.  Sudden, profound changes in
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serum e l e c t r o l y t e  l e v e ls  occur;  marked haemoconcentrat ion ensues and 

death is a common sequel.  At necropsy,  d i l a t e d  i n t e s t i n a l  loops a re  

u s u a l l y  the only s i g n i f i c a n t  f in d in g s  and E . col i serotypes are  to  be 

i s o la te d  only from the small i n t e s t i n e  and assoc iated  lymph nodes 

(Logan and Penhale,  1972 ) .

C e r ta in  s t r a in s  o f  E. c o l i  a re  r e g u l a r l y  assoc ia ted  w i th  t h i s  

syndrome, namely those s t r a in s  which possess an "A"- type  MKM antigen  

(Gay, 1965) .  The a b i l i t y  o f  the e n te ro to x in  (s) produced by those 

serotypes to  d i l a t e  i n t e s t i n a l  gut loops (Smith and H a l l s ,  1967;  

Bywater,  1970) has focussed much i n t e r e s t  on the  loca l  e f f e c t s  o f  

these compounds.

E n t e r ic  C o l i b a c i l l o s i s :  This  form o f  c o l i b a c i l l o s i s  in calves  was

de f ine d  by Gay (1965) as a d ia rrhoea  syndrome o f  v a r i a b l e  s e v e r i t y  and 

m o r t a l i t y  due to  l o c a l i s e d  ( i . e .  i n t e s t i n a l )  i n f e c t i o n  by E . c o l i  

serotypes normally present in a c a l f ' s  environment .  In the  past  

th e r e  has been a tendency to  inc lude in t h i s  c a tegory ,  a l l  ind iv id u a l  

problems or outbreaks which have not conformed-‘‘to  the two forms 

descr ibed above ( i . e .  c o l is e p t ic a e m ia  and enterotoxaemic  col ibaci  11 os is)  

and t h i s ,  toge the r  w i th  the m u l t i p l i c i t y  o f  serotypes which a r e ’ deemed 

to  be capable of  producing t h i s  l a t t e r  syndrome and the confusing  

r e s u l t s  o f  many b a c t e r io lo g ic a l  in v e s t ig a t io n s  have made t h i s  by f a r  

the  most c o n t ro v e rs ia l  forms o f  c a l f  c o l i b a c i l  1o s i s .  U n f o r t u n a t e ly ,  

l i m i t e d  s tudies  (McEwan, 1968) would suggest t h a t  i t  is  by f a r  the  

commonest syndrome even i f  i t  is not a s in g le  d isease e n t i t y .

No doubt because o f  the  d i f f i c u l t i e s  involved in s e t t in g  

experimental  models o f  " e n t e r i c  c o l i b a c i l l o s i s " ,  t h i s  p a r t i c u l a r  

syndrome has not rece ived the degree o f  a t t e n t i o n  which the  o the r
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forms have rece ived d e sp i te  i t s  preva lence; consequently the s t r a i n  

s i t u a t i o n  is l a r g e l y  undefined (Gay, 1965 ) .  E a r ly  s tu d ies  (Smith and 

O rc u t t ,  1925) revea led  t h a t  E. c o l i  counts were much h igher  in the  

a n t e r i o r  small i n t e s t i n e  and abomasum of  d i a r r h o e i c  ca lves  than in 

heal thy  animals .  However subsequent in v e s t ig a t io n s  (Smith,  1962; 

Smith and H a l l s ,  1967) have cast doubt upon the real  s ig n i f i c a n c e  o f  

these claims since  high " a n t e r i o r  gut"  counts may be present  in some 

heal thy  ca lv es .  Moreover,  Smith (1971) was prepared to  suggest t h a t  

the  f in d in g s  o f  most e a r l y  workers were main ly  due to  post mortem 

changes. The in c o n s is te n t  b a c t e r i a l  f in d in g s  in the  e n t e r i c  

c o l i b a c i l l o s i s  syndrome a lso  prompted Smith (1962) t o . s t a t e  th a t  th e re  

was no evidence to  support the view th a t  E. c o l i  was involved in any 

syndrome o ther  than c o l is e p t ic a e m ia  and enterotoxaemic  c o l i b a c i l l o s i s ; 

he went on to  suggest t h a t  the l i k e l y  cause of  the " e n t e r i c  

c o l i b a c i l l o s i s  syndrome" was n u t r i t i o n a l  r a th e r  than m i c r o b i o l o g i c a l .  

The same or s i m i l a r  co n s id e ra t io n  have given r i s e  to  many v a r ie d  

suggestions regarding the importance o f  predispos ing f a c to r s  (see 

below) and a ls o  to  claims th a t  E. col i i n f e c t i o n  may only  become 

e stab l is h ed  fo l lo w in g  damage to  the i n t e s t i n a l  wal l  by v i ru se s  ( S t a i r  

and o th e rs ,  1 972 ) .  N ev er th e le ss ,  i t  has to  be recognised th a t  t h i s  

syndrome would appear to  be the  commonest form o f  neonatal  c a l f  

d ia r rh o ea ,  a t  l e a s t  in the  West o f  Scotland and e p id e m io lo g ic a l l y  

(Selman, 1973) and immunologica l ly (McEwan and o t h e r s ,  1970) behaves 

l i k e  an in fe c t io u s  d isease .  I t  should a ls o  be recognised th a t  

t h i s  whole c l a s s i f i c a t i o n  was evolved l a r g e l y  before  the  possib le  

s ig n i f ic a n c e  of  v i ruses  and e s p e c i a l l y  ro ta v i ru s e s  was r e a l i s e d ;  

thus,  many o f  the  equivocal  r e s u l t s  regarding the  b a c t e r i a l  f in d in g s  

in " e n t e r ic  c o l i b a c i l l o s i s "  might wel l  be exp la ined  on the basis t h a t  

the syndrome is a t  l e a s t  in par t  due to  a v i ru s  i n f e c t i o n .  I t  is



perhaps o f  more than academic i n t e r e s t  to  ask o n e s e l f  on what c r i t e r i a  

were the diagnoses o f  neonatal  c o l i b a c i l l o s i s  made by e a r l i e r  workers  

such as those o u t l in e d  in Table  3.

Although E . c o l i  is the organism which is g e n e r a l l y  

associated w i th  neonatal  c a l f  d ia r rh o e a ,  o th e r  b a c t e r ia  have sometimes 

been suspected or shown to  have been involved in the problem. In 

England and Wales, Sojka and F ie ld  (1970) found th a t  6 4 .3  per cent of  

a l l  sa lmonel los is  diagnoses made by V e t e r in a r y  I n v e s t ig a t io n  Centres  

involved calves although the p rec ise  age incidence was not g iven .  

However, in another study,  (Rothenbacher, 1965) i t  was shown th a t  the  

average age o f  51 calves which died from acute or subacute  

sa lmonel los is  was 13 .7  days; most o f  these had developed d iarrhoea  

between th ree  and f i v e  days o f  age (range 2-42  days ) .

Neonatal  sa lmonel los is  has been described in two forms,  

a septicaemia  and an e n t e r i t i s .  The c l i n i c a l  fe a tu re s  o f  the former  

syndrome are s im i l a r  i f  not id e n t ic a l  to  those o f  c o l is e p t ic a e m ia  

(Rokey and E h r l in g ,  1959; Smith and R u th er fo rd ,  196 5 ) .  The e n t e r i t i c  

form is c h a ra c te r is e d  by d ia rrhoea  and f e v e r ,  commonly w i th  blood 

mixed w i th  the  d ia r r h o e ic  s t o o ls .  The c o n d i t io n  is o f t e n  f a t a l  a t  

t h i s  age (Hibbs and F o l t z ,  1964; de Jong and Ekdah l , 19 6 5 ) .  In 

calves  which do surv ive  the e a r l i e r  stages o f  the d isease ,  the re  is 

o f t e n  a p e r s is t e n t  d ia rrho ea  but i f  ca lves  d ie  o f  sa lm o n e l lo s is ,  the  

m a jo r i t y  do so w i t h i n  two weeks (Rotherbacher , 1965; Robinson, 1966 ) .  

In both ins tances ,  diagnosis  o f  sa lm one l los is  in neonatal  ca lves  re s t  

upon demonstrat ion o f  the causal organism in a s s o c ia t io n  w i th  

a p p ro p r ia te  h i s t o r y ,  c l i n i c a l  signs and, to  a l e s s e r  e x t e n t ,  

patho log ica l  changes.
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Occa s iona l ly ,  a syndrome involving,  dysentery  and death in 

young calves  has been found to  occur as the r e s u l t  o f  i n f e c t i o n  w i th  

C lo s t r id iu m  p e r f r in g e n s . types B and C (Smith,  19 6 2 ) .  However,

Lozano and others  (1971) have suggested t h a t  t h i s  s i t u a t i o n  is only  

r a r e l y  o f  importance. " V i b r i o n i c "  e n t e r i t i s  has a ls o  been described  

as an a p p a re n t ly  ra re  event in young calves  (Al l  sup and o th e rs ,  1972 ) ,  

but is  c u r r e n t l y  a t t r a c t i n g  increased i n t e r e s t  (D .J .  T a y l o r ,  personal  

communication) .

( i i )  V iruses

The gradual r e a l i s a t i o n  th a t  c e r t a i n  v i ruses  may a lso  be 

important as a e t io l o g i c a l  agents in neonatal  c a l f  d ia rrho ea  has a l ready  

been r e f e r r e d  t o .  Probably the  organism which has rece ived the most 

a t t e n t i o n  has been r o ta v i r u s  although o t h e r s ,  in p a r t i c u l a r  coronavirus  

and chlamydia ,  have a ls o  been stud ied  in some d e t a i l .

A r e o v i r u s - 1 i k e  organism was isolated from ca lves examined 

during outbreaks o f  severe neonatal  d ia rrho ea  in Nebraska (USA) in the  

l a t e  1 9 6 0 ' s (White and o th e r s ,  1 9 7 0 ) .  The organism was t e n t a t i v e l y  

named "neonatal  c a l f  d ia rrhoea  r e o v i r u s - 1 i k e  agent (NCDR)" and was 

l a t e r  found to  be widespread in North America (Mebus and o th e r s ,  1973)  

and present in herds in several  regions o f  England, Scotland and 

Northern I r e la n d  (Woode and B r id g e r ,  1 9 7 5 ) .  The v i ru s  was l a t e r  

classed as a r o ta v i r u s  and w h i le  m o rpho log ica l ly  s i m i l a r  to  reoviruses  

i t  is  now known not to  be r e la t e d  to  them s e r o l o g i c a l l y .

According to  Mebus (1976) c l i n i c a l  signs in in d iv id u a l  calves  

u s u a l ly  progressed in the  fo l lo w in g  order :  depression ,  a n o rex ia ,  a

few s t r i n g s  of  th ic k  s a l i v a  hanging from the l i p s  and then d ia r rh o e a .  

The onset o f  depression was rap id  and in some cases calves  progressed
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from apparent n o rm a l i ty  to  recumbency in two hours.  The d ia r r h o e ic  

per iod  las te d  f i v e  or s i x  hours during which t ime the  animal passed up 

to  300ml of l i q u i d ,  y e l lo w  faeces ,  al though the  amount passed depended 

on the previous leve l  o f  m i l k  in ta k e .

M a te r ia l  from f i e l d  cases r e a d i l y  produced d ia r rh o ea  in  

su scep t ib le  calves  when admin is tered  o r a l l y  and in some cases,  ca lves  

died even before  d iarrhoea  occurred .  In g n o to b io t ic  c a lv e s ,  the  

incubat ion per iod  was short  (12 .5  to  13 .0  hours) but by 2k  hours p o s t -  

dosing,  such a c a l f  s t i l l  appeared r e l a t i v e l y  normal,  was s t i l l  keen 

to suck and had only  “ pasty11 faeces .  However, i f  co lost rum-depr ived  

conventional  calves  were contaminated w i th  E . c o l i  du r in g ,  or p r io r  

to ,  a d m in is t r a t io n  o f  r o t a v i r u s ,  50 per cent d ie d ;  on the o th e r  hand,  

most co lost rum-depr ived ,  conventional  calves  contaminated w i th  E . c o l i  

a f t e r  the  ro ta v i ru s - in d u c e d  d ia r r h o e ic  per iod s urv ived .  In 

g n o to b io t ic  c a lv es ,  r o t a v i r u s  in f e c t i o n  per se d id  not produce profuse  

d ia r rh o e a ,  such a s i t u a t i o n  was c h a r a c t e r i s t i c  o f  a combined r o t a v i r u s  -  

E. c o l i  i n f e c t i o n  and such calves  r a p id ly  became dehydrated (Mebus, 1 975 ) .

The sequentia l  pathology o f  experimental  in fe c t io n s  in 

g n o to b io t ic  ca lves  was studied (Mebus, 1 976 ) .  At both 30 minutes  

and four  hours a f t e r  the onset o f  d ia r rh o e a ,  t issu es  appeared to  be 

macroscopical  l y  normal.  However, on h i s t o l o g i c a l  examinat ion o f  

t is sue s  obta ined a t  the e a r l i e r  t im e ,  the small i n t e s t i n e  was found 

to  be l i n e d  by t a l l  columnar v i l l o u s  e p i t h e l i a l  c e l l s  which showed 

f lu o re s c e n t  when s ta ined s p e c i f i c a l l y .  W i th in  fo u r  hours these c e l l s  

were l o s t  and replaced by low cuboidal  c e l l s .

Rotav irus  in f e c t i o n  may be confirmed by the demonstrat ion  

of  the  agent in faeces or in small i n t e s t i n a l  contents  by e i t h e r  

e le c t rom icrosc op ic  examinat ion or  e ls e  by immunof1uorescent s t a in in g
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of  faecal  smears or in fe c te d  c e l l  c u l tu re s  (Woode and B r id g e r ,  1975 ) .  

Herd in fe c t io n s  may be demonstrated by the  use o f  serum n e u t r a l i s a t i o n  

t e s ts  on samples from e i t h e r  calves or a d u l ts  (Mebus and o t h e r s ,  1973 ) .  

However, the v i ru s  is known to  be widespread in calves  and o ther  

neonates (Woode and B r id g e r ,  1975; Snodgrass and o th e rs ,  1977) and 

has a ls o  been demonstrated in the faeces o f  apparently -normal  calves  so 

the  mere f in d in g  o f  the organism is not w i thout  i n t e r p r e t i v e  problems.

Coronaviruses have a ls o  been thought to  play  a p a r t  in the  

neonatal  c a l f  diarrhoea syndrome since the l a t e  196 0 ‘ s ( S t a i r  and 

o th e rs ,  1972) and ag a in ,  t h i s  organism has been i d e n t i f i e d  by the  

e le c t rom icrosc op ic  examinat ion o f  the faeces of  d ia r r h o e ic  ca lves  in 

B r i t a i n  (Woode and o th e rs ,  197*0 .  The organism is  s i m i l a r  to  th a t  

which causes t ra n s m is s ib le  g a s t r o e n t e r i t i s  (TGE) in p igs .  C l i n i c a l l y ,  

the e f f e c t s  in exper imental  calves  d i f f e r  from those o f  r o ta v i r u s  

i n fe c t io n s  in t h a t  d ia rrhoea  l a s t s  f o r  up to  s ix  days w i th  coronavirus  

i n f e c t io n  and b a c t e r i o l o g i c a l l y  s t e r i l e  calves  have become moribund 

or died 48-62  hours a f t e r  the onset o f  d ia r rh o e a .  P a t h o l o g ic a l l y ,  

les ions  are  more severe w i th  g r e a t e r  dwarf ing o f  v i l l i  and have been 

found in the colon and mesenter ic  lymph nodes (Mebus and o th e r s ,  197 3 ) .

Another c lass o f  microorganism which has been assoc iated  w i th  

neonatal  c a l f  d ia rrhoea  although not as yet  on a la r g e  sca le  are  the  

Chlamydiae. Bovine chlamydial  s t r a in s  were is o la t e d  from the faeces  

of  young calves w i th  d iarrhoea  and p o l y a r t h r i t i s  (Doughri and o th e rs ,

1974) .  The calves  became f e b r i l e  and d ia r r h o e ic  w i t h i n  24 hours o f  

b i r t h .  Gross changes were present in the abomasum and throughout the  

i n t e s t i n a l  t r a c t  al though the te rminal  i leum was u s u a l ly  the  most 

c o n s is te n t ly  and severe ly  a f f e c t e d  a re a ;  the les ions  a f f e c t e d  the  

mucosae and comprised oedema, congest ion,  pe te ch ia l  haemorrhage and 

u l c e r a t i o n .
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Of the several  o ther  v iruses  or v i r u s - l i k e  organisms which 

have been associated w i th  neonatal  c a l f  d ia r rh o e a ,  the  v i ru s  o f  

mucosal disease (MD, BVD) should perhaps be mentioned. Whi le  the  

t r u e  s i t u a t i o n  is unknown i t  is g e n e r a l ly  accepted t h a t  w h i le  t h is  

organism may sometimes i n f e c t  and a f f e c t  very  young calves  (Lambert 

and o th e rs ,  197*0 i t  is much more o f  a problem in o ld e r  c a t t l e .

( i i i )  Predisposing fa c to rs

Many o f  the w id e ly  recognised ep idem io log ica l  f e a tu re s  o f  

neonatal  c a l f  d ia rrhoea  can be ascr ibed to  v a r i a t i o n s  in the leve l  o f  

uptake o f  c o lo s t ra l  g lo b u l in s  as the r e s u l t  o f  f a c to r s  i n t e r f e r i n g  

w i th  the  natura l  formation o f  a dam-of fspr ing  bond and subsequent 

suck l ing  (Selman, 1973 ) .  This  s i t u a t i o n  has a l re a d y  been mentioned 

and w i l l  be discussed l a t e r ,  t h e r e f o r e  the whole quest ion o f  colostrum  

feed ing  w i l l  not be d e a l t  w i th  here .  Th is  sec t ion  w i l l  deal only w i th  

those o th e r  fa c to r s  which have been shown o r  considered as being 

causes o f ,  or predispos ing f a c to r s  t o ,  c a l f  d ia r rh o e a .

Several  workers have emphasised t h e i r  view t h a t  n u t r i t i o n  o f  

the dam is o f  major importance.  Evidence has been produced purport ing  

to  show th a t  lower c a l f  m o r t a l i t y  ra tes  occur where s i l a g e  ra th e r  than 

hay forms the basis o f  the w in t e r  feeding regime (W ithers ,  1953) and 

much more s p e c i f i c a l l y ,  another  study (S tewart  and McCallum, 1939) 

cla imed to  demonstrate t h a t  neonatal  c a l f  m o r t a l i t y  ra te s  were in v e rs e ly  

c o r r e l a t e d  w i th  the l e v e l s  o f  V i tamin  A in the m i l k  being fed to  the  

c a lv e s .  Dam d i e t  has a ls o  been associated  w i th  outbreaks o f  d ia rrhoea  

in suck l ing  calves  fo l lo w in g  changes to  lush pasture  (Blood and 

Henderson, 197*0 although whether t h i s  s i t u a t i o n  is due to  increased  

m i lk  production or  a to x in  in the pasture  was not known.
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Overfeeding,  i r r e g u l a r  feeding and underfeeding o f  young 

calves  have a ls o  been thought to  act  as predispos ing fa c to r s  (Amstutz,  

19 6 5 ) .  Such m a lpra c t ices  may wel l  help to e x p la in  the "personal  

f a c t o r s "  which Withers  (1952; 1953) f e l t  to  be 50 important and the  

c a l f - a t t e n d a n t - b a s e d  m o r t a l i t y  v a r i a t i o n s  h i g h l ig h te d  in Table  5.

Other suggestions have included i n e f f i c i e n t  oesophageal groove 

mechanisms which a l lo w  m i lk  to s e t t l e  (and ferment)  in the rumen

(Comline and o th e rs ,  1951) and inadequate se c re to ry  mechanisms in both

abomasum and i n t e s t i n e  (O'Connor,  1977 ) .  Claims have a ls o  been made 

th a t  the q u a l i t y  o f  m i lk  s u b s t i tu te s  w i th  specia l  re fe renc e  to  the  

d i f f e r e n t  techniques involved in the m i lk  powder product ion systems 

may a ls o  s i g n i f i c a n t l y  a f f e c t  m o rb id i ty  and m o r t a l i t y  ra tes  (Roy, 1959 ) .  

In a d d i t i o n ,  much has been said o f  l a t e  regarding the f a c t  t h a t  the  

fe ed ing  o f  " a c id "  m i lk  s u b s t i tu te s  is a p p aren t ly  assoc iated  w i th  f a r  

lower m o r b i d i t y  and m o r t a l i t y  ra tes  and s i g n i f i c a n t l y  g r e a t e r  weight

gains over the neonatal  per iod (Low, 1978; 1979 ) .

F a t ig u e ,  fo l lo w in g  prolonged t r a n s p o r t ,  and rap id  changes in 

ambient temperature have a ls o  been claimed as h ig h ly  s i g n i f i c a n t  

predisposing f a c to r s  (W ithers ,  1952; 1953; R e is in g e r ,  1965) along w i th  

such managemental f a c to r s  as overcrowding and poor housing cond i t ions  

(R e is in g e r ,  1965; Acres,  1976 ) .  In a d d i t i o n ,  the dangers o f  

c o n t i n u a l l y  using the same c a l f  house and thus a l lo w in g  i n f e c t i o n  

b u i l d - u p  to  occur ,  has long been recognised as a hazardous procedure  

(Roy and o th e rs ,  1955; Roy, 1959; R e is in g e r ,  1965; Mebus, 197 6 ) .  

U n f o r t u n a t e ly ,  a u t h o r i t i e s  (such as I n g l i s ,  1960) who have produced 

b lu e p r in t s  f o r  sound c a l f - r e a r i n g  have c o n s is t e n t l y  f a i l e d  to  produce 

data to  support t h e i r  claims t h a t  the  systems they have advocated were 

in any way e f f e c t i v e .
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PATHOGENESIS

The fo l lo w in g  discussion w i l l  deal f i r s t l y  w i th  b a c t e r i a l  

( i . e .  E„ c o l i ) . v i r a l  ( i . e .  r o ta v i r u s )  i n f e c t io n s  and c e r t a i n  host 

f a c t o r s .  The o ther  major determinant  ( i . e .  immunity) w i l l  be d e a l t  

w ith  in a separate  s ec t io n .

C o l i s e p t ic a e m ia :

In most cases,  the course o f  t h i s  disease is so rap id  t h a t  

d iarrho ea  is not o f t e n  a presenting  f e a t u r e .  Death u s u a l ly  occurs  

w i t h i n  a few hours and the s t r a i n  o f  E. c o l i  whjch is responsib le  may 

be c u l tu r e d  from the v is c e r a l  organs,  b ra in  and j o i n t s  in pure c u l t u r e  

(Gay, 196 5 ) .  I n f e c t io n  very probably gains access to  the body v ia  

the lymphatics  of  the t o n s i l s  or through the umbi l icus  (Glanz and 

o th e rs ,  1965) .

In Gram-negative sept icaemias ,  endotoxin is assumed to  be 

re leased by dying b a c t e r ia  d i r e c t l y  in to  the systemic c i r c u l a t i o n  

(Zweifach and J a n o t t ,  1965) and t h is  r e s u l t s  in profound c i r c u l a t o r y  

c o l la p se  and rap id  death (Rosen, 1961).

In exper imental  endotox ic  shock, a marked r i s e  in haematocr i t  

and plasma p ro te in  conce ntra t ion  occurs which is thought t o  be due to  

progressive  haemoconcentrat ion.  In a d d i t i o n ,  th e re  is a marked r i s e  

in blood glucose l e v e ls  a t  around two to  th re e  hours p o $ t - i n j e c t i o n  

(Tennant and o th e r s ,  1 97 3 ) .  Another response to  p a ren te ra l  endotoxin  

a d m in is t r a t io n  is the development o f  a leukopaenia .  This  has been 

shown to  occur w i t h i n  f i v e  minutes o f  i n j e c t i o n  in young calves  

(Tennant and o th e r s ,  1 973 ) .  The la r g e s t  percentage reduct ion  was 

found to  occur in the neutroph i l  f r a c t i o n  but in calves  which survived  

fo r  longer  than ten hours,  a secondary leu kocytos is  w i th  n e u t r o p h i l i a  

developed. The same authors a lso  found th a t  t h i s  response was
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dose-dependant and th a t  r e l a t i v e l y  small doses produced a n e u t r o p h i l i a  

w ithout  a preceeding leu k o c y to s is .

S u r p r i s i n g l y ,  l i t t l e  or no work appears to  have been c a r r i e d  

out to  conf irm unequivoca l ly  th a t  the above changes occur in 

exper imental  c o l is e p t i c a e m ia .

Enterotoxaemic c o l i b a c i l l o s i s  :

In t h i s  form o f  c o l i b a c i 11 o s i s , the development o f  d iarrhoea  

is o f t e n  rap id  and death may occur w i t h i n  a few hours as the r e s u l t  o f  

massive f l u i d  and e l e c t r o l y t e  loss (Gay, 1965 ) .  The problem a r is e s  

as the r e s u l t  o f  i n f e c t i o n  by one o f  several  s t r a in s  o f  "mucoid" E. c o l i  

possessing A - typ e ,  K ant igens  (Gay, 1965) and t h e i r  rap id  p r o l i f e r a t i o n  

in the small i n t e s t i n e .  These s t r a in s  o f  E . col i produce l a rg e  

q u a n t i t i e s  of  e n te ro to x in  (s) which,  among t h e i r  o ther  p r o p e r t i e s ,  have 

the a b i l i t y  o f  a f f e c t i n g  sodium and water  t ra n s p o r t  through the  

i n t e s t i n a l  e p i t h e l i a l  c e l l s  (Gay, 1965; Bywater,  1970 ) .

Enteropathogenic  E. c o l i  s t r a in s  from young pigs and calves  

are  a b le  to  produce cel 1- f r e e  substances which can cause d i l a t i o n  o f  

l i g a t e d  i n t e s t i n a l  loops as the r e s u l t  o f  f l u i d  accumulat ion (Bywater,

19 7 0 ) .  Apparen t ly ,  the re  a re  two d i s t i n c t  forms o f  e n te r o to x in  

a c t i v i t y .  The f i r s t  is h e a t - s t a b le  and is t h e r e f o r e  r e f e r r e d  to  as 

"ST" (Smith and H a l l s ,  1967) and the  second is  heat l a b i l e  -  the "LT"  

e n te ro to x in  as o r i g i n a l l y  descr ibed by Gyles and Barnum (1 9 6 9 ) .  In  

the  c a l f ,  ente ropathogenic  s t r a in s  o f  E. col i can produce both forms 

of  e n te r o to x in  (Smith and H a l l s ,  1967; Smith and Gyles,  1970 ) .

I t  is  g e n e r a l ly  accepted t h a t  ST and LT e n te ro to x in s  (and 

a ls o  cholera  to x in )  ac t  only  on the c e l l s  o f  the small i n t e s t i n e ,  not  

the co lon .  Diarrhoea due to  i n f e c t io n  by enterotoxaemic
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(e n te ro to x ig en ic )  s t r a in s  o f  E . c o l i  is due to  the small i n t e s t i n e  

producing f l u i d  and e l e c t r o l y t e  secre t ions  in such magnitude as to  

exceed the absorp t ive  capac i ty  o f  the colon (Le i tch  and Burrows, 1968 ) .  

The host response evoked by LT and ST e n te ro to x in s  may d i f f e r  in t h a t  

w h i le  both can induce d iarrhoea  or d i l a t a t i o n  o f  a l i g a t e d  i n t e s t i n a l  

loop in s usce pt ib le  exper imental  animals (Smith and Gyles,  1 970 ) ,  the  

a c t io n  o f  ST is more rap id  in onset but o f  s h o r te r  du ra t io n  than t h a t  

o f  LT (Stevens and o th e r s ,  1972).

E n t e r ic  c o l i b a c i l  1 o s i s :

The problem o f  i d e n t i f y in g  t h i s  syndrome as a c t u a l l y  being
•

due, p e r . s e . to  i n f e c t i o n  by n o n -e n te ro to x ig e n ic  s t r a in s  o f  E. c o l i  

has a l re a d y  been s t ressed .  T h is ,  coupled w i th  the  f a c t  t h a t  a g reat  

amount o f  e a r l i e r  work f a i l e d  to  d e f in e  the type o f  d ia rrho ea  being 

stud ied  and the  lack  o f  a r e le v a n t  " e n t e r ic  col i b a c i 11 os i s "  model in 

calves  has lead to  considerab le  confusion regarding the possib le  

pathogenic mechanism involved -  even supposing t h a t  such a c o n d i t io n  

does in f a c t  e x i s t .  N e ver th e less ,  many suggestions have been made 

which g e n e r a l l y  revo lve  around assumptions regarding loss o f  s p e c ia l is e d  

( i . e .  absorpt ive )  c e l l s  from the small i n t e s t i n e ,  increased bowel 

m o t i l i t y ,  incomplete d i g e s t io n ,  m icrob ia l  m u l t i p l i c a t i o n  and damage 

by, o r  absorpt ion o f ,  " to x in s "  (O'Connor,  1 977 ) .  However, l i t t l e  

experimenta l  work appears to  have been c a r r i e d  out to  support  such 

suggestions ( i . e .  in n o n - r o t a v i r u s ,  non-enterotoxaemic  E. c o l i  d ia r r h o e a ) .

In c o n t r a s t ,  the  physio log ica l  and biochemical  e f f e c t s  o f  

(assumed or a l leg ed )  e n t e r i c  c o l i b a c i l l o s i s  have been stud ied  in some 

d e t a i l .  Most workers have reported a re d u c t io n ,  a loss o f  body 

f l u i d s ,  a decrease in plasma sodium c o n c e n tra t io n s ,  an increase in 

blood urea n i t ro g e n  and a v a r i a b l e  plasma potassium c o n ce ntra t ion
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(McSherry and G r in y e r ,  195*0 .  C l e a r l y  such changes w i l l  vary  in 

degree in p a r a l l e l  w i th  the s e v e r i t y  o f  d ia r rh o e a .  F isher  (1971)  

emphasised the f a c t  th a t  even in calves which re ta in e d  t h e i r  m i lk  

in ta k e ,  f l u i d  loss from severe d ia rrhoea  was l i k e l y  to  g r e a t l y  exceed 

f l u i d  in ta k e .  He a lso  noted th a t  when calves died w i t h i n  a few days 

o f  the onset o f  severe d ia r rh o e a ,  haemoconcentrat ion (as judged by 

haematocri t )  was marked whereas in calves  which s u f fe re d  from a more 

long-s tand ing  syndrome were less l i k e l y  to  develop such marked changes 

in t h i s  parameter.  In h is  op in ion (F is h e r ,  1965) death from d iarrhoea  

( i . e .  in " e n t e r i c  c o l i b a c i l l o s i s " )  occurred as the r e s u l t  o f  a 

combination of  metabolic  a c idos is  ( the r e s u l t  o f  loss o f  Na+ in fa e c e s ) ,  

severe dehydration and uraemia; the f i n a l  cause o f  death was acute  

heart  f a i l u r e  as the r e s u l t  o f  myocardial  K+ d e p le t io n  (due to  m etabo l ic  

ac idos is )  and severe haemoconcentrat ion.

B a c te r ia l  "adhesion" :

Another f a c t o r  which is now considered to  be important in 

the p a th o g e n ic i ty  and pathogenesis o f  c o l i b a c i l l o s i s  is the

" s t i c k a b i l  i t y "  o f  the var ious  s t r a in s  o f  E. c o H . S t r a in s  o f  the

organism which are pathogenic fo r  the neonatal  pig are  u s u a l ly  

d is t in g u ish e d  from n o n - v i r u le n t  s t r a in s  by t h e i r  a b i l i t y  to  adhere to  

the i n t e s t i n a l  e p i t h e l i a l  c e l l s ,  thereby overcoming removal by 

p e r i s t a l s i s  (Gibbons, 1 9 7 6 ) .  The K88 ant igen  on the sur face  o f  

s t r a in s  of  E . c o l i  which cause neonatal  d ia rrho ea  in pigs is  an 

e s s e n t ia l  v i r u le n c e  determinant  because i t s  adhesive p ro p e r t ie s  enable  

K88 p o s i t i v e  s t r a in s  to  e s t a b l i s h  in the small i n t e s t i n e  fo l lo w in g  

attachment (Jones and R u t t e r ,  1 9 7 2 ) .  Once e s t a b l i s h e d ,  these s t r a in s

m u l t i p l y  and synthesise  e n te ro to x in s  thus lead ing  to  d ia rrho ea  and 

even death (Smith and H a l l s ,  1 9 6 7 ) .  Another i n t e r e s t i n g  fe a t u r e  o f

th is  phenomenon but as yet  a ls o  undefined in terms o f  neonatal  cal f
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d ia r rh o e a ,  is th a t  K 8 8 -p o s i t iv e  E. col i do not a t ta c h  to  the i n t e s t i n a l  

e p i t h e l i a l  c e l l s  of  a l l  p i g l e t s .  At l e a s t  two phenotypes occur which 

are the  products o f  two a l l e l e s  a t  a s in g le  locus which a re  in h e r i t e d  

in a simple mendel ian manner (Sellwood and o t h e r s ,  197*0 .  A r e l a t i v e l y  

simple la b o ra to ry  t e s t  has been devised using K 8 8 -p o s i t iv e  E. c o l i  and 

brush borders prepared from e p i t h e l i a l  c e l l s  o f  the pig small i n t e s t i n e  

and i t  has been possib le  to  i d e n t i f y  two pig popula t ions  (Gibbons, 197 6 ) .  

The m a jo r i t y  o f  pigs te s ted  have proved to  be p o s i t i v e  ( i . e .  a d h es iv e ) ;  

the m in o r i t y  o f  negat ive  ( i . e .  non-adhesive) pigs e x h i b i t  t h i s  property  

a t  b i r t h  and throughout t h e i r  l i f e  (Gibbons, 1976) and i t  has even been 

postu la ted  t h a t  K 8 8 - p o s i t iv e  b a c t e r ia  c o lon is e  the gut o f  "adhesive"  

pigs more r e a d i l y  than "non-adhesive" pigs and hence the t e s t  may even 

i n d ic a te  s u s c e p t i b i l i t y  to  neonatal  pig d ia r rh o e a  (R u t te r  and o th e rs ,  

197 5 ) .  However, i f  "adhesive"  pigs re ce ive  p r o t e c t i v e  a n t ib o d ie s  in 

mammary secre t ions  they may appear to  be r e s i s t a n t  to  i n f e c t i o n .  I t  

has been suggested th a t  t h i s  phenomenon might be e x p lo i t e d  and thus 

a l lo w  f o r  the s e l e c t i v e  breeding o f  d i a r r h o e a - r e s i s t a n t  pigs (Rut ter  

and o th e rs ,  1975 ) .

Rotavi  r u s :

Evidence th a t  r o ta v i r u s  is pathogenic f o r  young calves  is 

based on i t s  a b i l i t y  to  induce d ia rrhoea  and p a tho log ica l  les ions  in 

a l l  non-immune calves  chal lenged w i th  both animal passaged and c e l l  

c u l t u r e  passaged v i r u s ,  and the recovery o f  the  v i r u s  from a l l  such
I

animals (Woode and B r id g e r ,  1975) .

R otav irus  is be l iev ed  to  i n f e c t  p r i m a r i l y  the  e p i th e l iu m  o f  

the small i n t e s t i n e .  Immunof1uorescent and h i s t o l o g i c a l  s tud ies

(Mebus, 1971) on normal and in fe c ted  c a l f  i n t e s t i n e  has suggested 

th a t  d iarrhoea  a r is e s  as fo l lo w s :  a f t e r  o ra l  i n o c u la t io n ,  the columnar
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e p i t h e l i a l  c e l l s  covering the d i s t a l  two t h i r d s  o f  the v i l l i  o f  the  

upper small i n t e s t i n e  become in fe c t e d ,  and the in f e c t i o n  r a p id ly  

progresses p o s t e r i o r l y .  When the c a l f  becomes depressed and d iarrhoea  

begins ,  the v i l l o u s  e p i t h e l i a l  c e l l s  from the upper small to  the lower  

small i n t e s t i n e  f lu o r e s c e ,  and there  is an increase  in f l u i d  in the  

i n t e s t i n a l  t r a c t .  As in f e c t i o n  proceeds, in fe c te d  e p i t h e l i a l  c e l l s  

move towards the t ip s  o f  the v i l l i ,  f i n a l l y  to  be l o s t  in to  the lumen. 

These c e l l s  a re  then replaced by cuboidal  e p i t h e l i a l  c e l l s ,  but the  

m ig ra t io n  of  new e p i t h e l i a l  c e l l s  from the base o f  the v i l l i  is not 

ra p id  enough to  keep the t i p s  o f  a l l  v i l l i  covered.  G r a d u a l ly ,  the  

immunof1uorescent e p i t h e l i a l  c e l l s  are  replaced by no n - f lu o resc in g  

c e l l s  and these l a t t e r  c e l l s  are  app aren t ly  r e s i s t a n t  to  in f e c t i o n  

because when calves were re in o cu la te d  w i th  v i r u l e n t  v i ru s  2k  or  more 

hours a f t e r  having d ia rrhoea  they remained normal (Mebus and o th e rs ,

1 971 ) .

The primary  le s io n  observed in calves in fe c ted  w i th  both 

r o t a v i r u s  and coronavirus is very s im i l a r  to  les ions  observed w i th  

t ra n s m is s ib le  g a s t r o - e n t e r i t i s  (TGE) o f  pigs and i t  seems reasonable  

to  suppose t h a t  the pathogenesis o f  these in fe c t io n s  is s i m i l a r .  In 

TGE loss o f  fu n c t io n  o f  the e p i t h e l i a l  c e l l s  o f  the  small i n t e s t i n e  

r e s u l t s  in m a labsorpt ion ,  w i th  d ia rrhoea  and death as a consequence 

o f  i o n ic ,  b icarbonate  and serum p ro te in  lo s s ,  a c id o s is  and dehydra t ion .  

Much o f  th is  e f f e c t  is the r e s u l t  o f  the loss o f  the membrane bound 

enzyme la c t a s e ;  undigested lac to s e  then causes high osmotic pressure  

in the  gut lumen (Woode and B r id g e r ,  1 975 ) .  Mebus (1975) has 

attempted to  e x p la in  the  r o le  o f  b a c t e r ia  in e n t e r i c  v i r a l  in fe c t io n s  

as fo l lo w s :  organisms such as E . c o l i , f r e q u e n t ly  increase the

s e v e r i t y  o f  these v i r a l  i n f e c t i o n s ,  which a l t e r  normal d ig e s t io n  and 

absorpt ion  from the i n t e s t i n e .  Therefore  the a l t e r e d  physiology and



r e s u l t a n t  Increase in p a r t i a l l y  digested m i lk  in the i n t e s t i n e  enables  

b a c t e r i a l  p r o l i f e r a t i o n s  to occur .  O c c a s io n a l ly ,  damaged i n t e s t i n a l  

e p i th e l iu m  may even a l lo w  b a c t e r i a  to  e n te r  the body. Although the  

pr imary in f e c t io n  may be v i r a l ,  rap id  dehydra tion and death w i t h in  12 

to  2k  hours a f t e r  the onset o f  d ia rrhoea  a re  due to  b a c t e r i a .

IMMUNITY

The importance o f  colostrum in preventing  neonatal  c a l f  

dia rrhoea  was emphasised by Jensen (1893) a l though i t  seems l i k e l y  t h a t  

the  sub jec t  was f a m i l i a r  to  l i v e s t o c k  owners long before  t h a t  t ime.

Smith and L i t t l e  (1922) demonstrated the p r a c t ic a l  va lue  o f  feeding  

colostrum to  newborn calves  on an experimental  bas is .  The fa c t  th a t  

calves  do not rece ive  s i g n i f i c a n t  immunity in u te ro  was demonstrated  

by Smith (1930) who a lso  recorded the presence of  a n t ib o d ies  to  what 

he considered to  be d iarrhoea-produc ing s t r a in s  o f  E . c o l i  in bovine  

colostrum.  The same author a ls o  suggested th a t  these were der ived  

from maternal  serum and th a t  young calves  were only a b le  to  absorb 

them from colostrum fo r  a short  t ime a f t e r  b i r t h .

The subsequent h is t o r y  o f  the gradual un fo ld ing  o f  t h is  

subject  has been reviewed by Selman (1 9 6 9 ) .  Very b r i e f l y ,  a wide  

v a r i e t y  o f  d i f f e r e n t  techniques have been used to  demonstrate th a t  

calves  are  only  capable o f  absorbing macromolecules through t h e i r  

i n t e s t i n a l  e p i t h e l i a l  c e l l s  over the f i r s t  2k hours or so o f  l i f e .

The t i m e - l i m i t  fo r  the absorpt ion o f  immunologica l ly adequate amounts 

of  c o lo s t r a l  immunoglobulins (see below) is probably l i m i t e d  to  the  

f i r s t  few hours o f  l i f e .  I t  seems l i k e l y  t h a t  the  loss o f  t h i s  

a b i l i t y  ( i n t e s t i n a l  shutdown) a r is e s  as the r e s u l t  o f  a gradual  loss  

of  a s p e c i f i c  populat ion o f  i n t e s t i n a l  e p i t h e l i a l  c e l l s .  Macromolecule 

absorpt ion  ( i t  is a r e l a t i v e l y  n o n -s p e c i f ic  phenomenon in young calves)
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occurs only  in the small i n t e s t i n e  by a process known as 

m ic ro p in o c y to s is ; once absorbed, the la rg e  molecules pass to  the  

general c i r c u l a t i o n  v ia  the l a c t e a l s .

The overwhelming importance o f  c o lo s t r a l  immunity was f i r s t  

demonstrated e x p e r im en ta l ly  by Smith and L i t t l e  (1922) and the  

p ro t e c t i v e  f a c t o r  in colostrum was shown to be in the acqueous (p ro te in )  

f r a c t i o n  by Aschaffenburg and others  (19^9) .  The f a c t  t h a t  not a l l  

colostrum-fed calves were capable o f  absorbing c o lo s t ra l  immunoglobulin 

was f i r s t  h ig h l ig h te d  by Fey and Margadant (1961) and the enormous 

s ig n i f ic a n c e  of  in d iv idua l  v a r i a t i o n s  in abso rp t ive  e f f i c i e n c y  leading  

to  markedly d i f f e r e n t  p o s t -c o lo s t r a l  serum g lo b u l in  concentra t ions  and 

hence s u s c e p t i b i l i t y  to  neonatal  c a l f  d ia rrho ea  was f i r s t  demonstrated  

by Gay and others  (1965 ) .  Reasons f o r  such v a r i a t i o n s  were defined  

by Selman (1969) as fo l lo w s:

( i )  the age a t  which colostrum was f i r s t  ingested ,

( i i )  the amount o f  g lo b u l in  ingested and

( i i i )  the e f f e c t  o f  presence o f  the dam.

The same author (Selman, 1969* 1973) was o f  the opin ion  t h a t  o ther  

epidemiologica l  fe a tu re s  o f  neonatal  c a l f  d ia rrhoea  such as s e a s o n a l i t y ,  

place o f  b i r t h ,  method by which colostrum was f i r s t  presented merely  

r e f l e c t e d  the p r o b a b i l i t y  of  a c a l f ' s  f i r s t  having rece ived colostrum

by suckl ing i t s  dam since t h i s  is by f a r  the most e f f i c i e n t  method of

colostrum feeding ( i . e .  i t  u s u a l ly  leads to  the absorpt ion  o f  maximal 

q u a n t i t i e s  o f  c o lo s t ra l  immunoglobulin) .

Other workers have explored the s p e c i f i c  immunoglobulin 

classes present in bovine colostrum and have confirmed t h a t  the  

dominant immunoglobulin is IgGj (Penhale and o t h e r s ,  1 9 7 0 ) .  Th is  is
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the immunoglobulin which is u su a l ly  absorbed in g r e a t e s t  q u a n t i t y  and 

v a r i a t i o n s  may well  e x i s t  in the e f f i c i e n c y  w i th  which the d i f f e r e n t  

immunoglobulin classes are  absorbed by newborn calves  (Penhale and 

o th e rs ,  1973 ) .  While more work c e r t a i n l y  needs to  be done regarding  

the subject o f  the p r o t e c t i v e  ro les  o f  the var ious  immunoglobulin 

c la sses ,  i t  would seem th a t  lgM is mainly  respons ib le  f o r  p ro te c t io n  

aga ins t  systemic invasion o f  E. col i ( i . e .  col isept icaem ia)  (Penhale 

and o th e rs ,  1970) and q u i t e  possib ly  IgGj is capable  o f  p ro te c t in g  

mucous surfaces ( i . e .  has an I g A - l i k e  ro le )  u n t i l  such t ime as the  

young c a l f  is i t s e l f  capable o f  producing IgA a t  about th re e  weeks o f  

age. However, i t  seems u n l i k e l y  th a t  immunological ly adequate l e v e ls  

o f  IgGj w i l l  be secreted in to  the small i n t e s t i n e  unless maximal serum 

concentra t ions  are  a t t a in e d  in the f i r s t  ins tance .

S u r p r is in g ly  l i t t l e  work has been c a r r i e d  out regarding the  

l e v e ls  o f  s p e c i f i c  c o lo s t ra l  a n t ib o d ie s  to  known enteropathogenic  

s t r a in s  o f  E. c o l i . However, i t  is known t h a t  p r o te c t io n  aga ins t  

c o l is e p t ica e m ia  is not s t r a i n - s p e c i f i c  (Fey and Margadant,  1 961 ) .

The value  o f  c i r c u l a t o r y  ( i . e .  p o s t - c o l o s t r a l )  antibody aga ins t  

ro ta v i r u s  is s t i l l  somewhat c o n t ro v e rs ia l  (Woode and o th e r s ,  1975) .

Other f a c t o r s ,  such as the V i tamin  A content o f  colostrum  

have been claimed as being o f  s i g n i f i c a n t  importance in p ro te c t io n  

aga ins t  neonatal  c a l f  d ia rrhoea  (Stewart  and McCallum, 1938) but w i th  

increasing knowledge regarding immunological p r o t e c t i o n ,  toge the r  w i th  

the demonstrat ion (Aschaffenburg and o th e r s ,  19^9) th a t  the p r o t e c t i v e  

c o lo s t ra l  f a c t o r  lay  in the acqueous ra th e r  than the  f a t  f r a c t i o n ,  

t h is  suggestion seems less and less  l i k e l y  (Selman, 1969 ) .
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TREATMENT

So few p r o p e r ly - c o n t r o l l e d  s tud ies  have been c a r r i e d  out  

regarding the treatment o f  neonatal  c a l f  d ia r rh o ea  t h a t  much o f  which 

has been w r i t t e n  is of  l i m i t e d  usefulness to  th e  c l i n i c i a n .  S i m i l a r l y ,  

l a c k  o f  in formation regarding the nature  o f  ch a l le n g e  and the  immune 

sta tus  o f  a f fe c te d  calves makes i n t e r p r e t a t i o n  d i f f i c u l t  or impossible.  

In a d d i t i o n ,  many authors appear to  be r e lu c t a n t  t o  quote o th e r  than 

anecdotal in formation and, f r e q u e n t l y ,  one is l e f t  w i th  the  impression  

th a t  t h e i r  recommendations r a r e l y  i f  ever  prove to  be unsuccessfu l .

Therapeutic  measures in neonatal  c a l f  d ia rrho ea  have been 

reviewed by various authors ( f o r  example F in c h e r ,  1956; R a d o s t i ts ,

1965; Blood and o th ers ,  1979) and in general te rms,  such measures 

revo lve  around the use o f  a p p ro p r ia te  a n t i b i o t i c s ,  f l u i d  and 

e l e c t r o l y t e  therapy and o ther  (support ive)  procedures.

The review by Blood and others  (1979) gives  an extremely  

d e t a i l e d  and u p - to -d a te  account o f  the  var ious  t rea tments  which may be 

admin is te red to  s ick  calves  e i t h e r  a lone or  in combinat ion.  The 

authors emphasise the problems regarding the  assessment o f  var ious  

claims regarding the e f f i c a c y  o f  ora l  and/or  pa ren tera l  a n t i b i o t i c s  

and a lso  s t ress  the problems regarding the  choice o f  a n t im ic r o b ia l  

drugs to  be used in an outbreak o f  neonatal  c a l f  d ia r r h o e a ,  not l e a s t  

because th e re  is o f te n  no t ime to  c a r ry  out i n - v i t r o  s e n s i t i v i t y  t e s t s .  

F lu id  and e l e c t r o l y t e  therapy ( in c lu d in g  blood t ran s fu s io n s)  a re  a lso  

discussed in some d e t a i l  and the  authors admit t h a t  the approach may 

be unsuccessfu l .  In f a c t ,  modern op in ion  appears to  o s c i l l a t e  

between claims fo r  high e f f i c a c y  (W at t ,  1965; 1967; Hamin and H icks ,

1975) to  e q u a l ly  fo rc e fu l  claims ( a l b e i t  under t o t a l l y  d i f f e r e n t  

circumstances) th a t  the approach is v a lue les s  (de l a  Fuente ,  1 970 ) .
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Evidence from f i e l d  s tudies  (Selman -  personal communication) 

would s tro n g ly  suggest t h a t  the vast bulk  o f  the  89 ,000  ca lves  which 

d ie  annua l ly  in B r i t a i n  from one or o ther  o f  the forms o f  neonatal  c a l f  

disease have received some form o f  t re a tm e n t ,  and in most cases t h i s  

w i l l  have involved,  a t  l e a s t ,  the a d m in is t r a t io n  o f  one or more 

a n t im ic r o b ia l  p re p ara t io n s .  T h is ,  toge ther  w i th  the  o f t e n  random or  

haphazard use o f  such drugs and the problems assoc iated  w i th  choice  o f  

t rea tm ents  in neonatal  c a l f  d ia rrhoea  (R a d o s t i ts ,  1965) s t ro n g ly  

confi rm the need f o r  p ro p e r ly -d e f in e d  and e va lua ted  prevention  methods 

and i t  is f o r  t h is  reason t h a t  the f o l lo w in g  chapter  is devoted e n t i r e l y  

to  th a t  s u b je c t .
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CHAPTER 2

A REVIEW OF THE LITERATURE DEALING WITH THE PREVENTION 

OF NEONATAL CALF DIARRHOEA

Neonatal c a l f  diarrhoea has long been recognised as a common, 

cost ly  and complex problem but i t  is only r e l a t i v e l y  re ce n t ly  tha t  some 

d e f i n i t e  answers have been provided regarding various a e t io lo g ic a l  

agents. During the l a s t  two decades, there  has been a steady 

re-examinat ion o f  many e a r l i e r  hypotheses and a g rea te r  determination  

on the part  o f  most research workers to j u s t i f y  and te s t  t h e i r  own 

a e t io lo g ic a l  theor ies  exper im enta l ly .  With improving technology I t  

has been found possible  to define  several  apparent ly  d i f f e r e n t  forms 

of  neonatal c a l f  disease (see Chapter I) al though, u n fo r tu n a te ly ,  t h e i r  

d i f f e r e n t i a t i o n  s t i l l  demands ra ther  soph ist ica ted  laborato ry  e xper t is e  

and equipment. For th is  reason attempts to  e s ta b l is h  the basic  

In fect ious  cause(s) o f  f i e l d  outbreaks are s t i l l  only c a r r ie d  out on 

a very l im i te d  basis ( i . e .  in comparison wi th  the scale of  the problem) 

and th is  work is usua l ly  performed by teams of research inves t iga tors  

ra ther  than by local  "d iagnost ic"  la b o r a to r ie s .  To date ,  only a few 

attempts have been made to even construct a "league t a b le "  of  

in fect ious  agents involved in outbreaks.  Thus, most descr ip t ions  of  

neonatal c a l f  diarrhoea have been made in ignorance o f  the agent (s) 

Involved and the immune status (even in general terms) of  the a f fe c te d  

animal ( s ) . In shor t ,  almost a l l  of  the work which has been documented 

on the treatment and prevention o f  neonatal c a l f  d iarrhoea has been 

based upon undefined ( a l b e i t  apparent ly  in fec t io u s )  problems in calves  

which have only been assumed to have absorbed immunological ly adequate 

amounts of co los t ra l  Immunoglobulins.
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I t  is essentia l  to bear the above points  in mind when 

considering the l i t e r a t u r e  regarding measures which are advocated for  

the control  o f  th is  very important problem. Other fac to rs  are of  

almost equal importance such as the wide v a r ie t y  of  control  measures 

which have been recommended over the years and the almost to t a l  lack of  

proper ly  c o n tro l le d  studies which have been made to  s ubstan t ia te  t h e i r  

value .  F i n a l l y ,  i t  must be accepted tha t  c e r t a in  approaches to control  

(e .g .  a n t i b i o t i c  and 1a c t o b a c i l 1 us adm in is t ra t ion)  may be viewed as 

e i t h e r  therapeut ic  or prophy lactic  depending on dose-rates and other  

fa c to rs .  Indeed, in c e r t a in  studies an examination of  the protocols  

and conclusions do not give a c le a r  in d ica t io n  whether the regime which 

has been advicated was preventing or merely minimising diarrhoea even 

when I t  did appear to have some b e n e f ic ia l  e f f e c t .

This chapter w i l l  deal only with  aspects of  prophylaxis which 

have e i t h e r  received f a i r l y  widespread and d e ta i le d  study or which seem 

to enjoy some measure of  universal  support and confidence.  The review  

w i l l  be divided Into four main sect ions ,  namely ( I )  husbandry fa c to rs  

( I I )  immunological aspects ( i l l )  the use of  a n t i b i o t i c s  and ( iv )  the 

use of L a c t o b a c l i lu s -conta in inq  compounds.

HUSBANDRY FACTORS

As is the case wi th many other  In fec t ious  d isorders ,  the 

prevention of  neonatal c a l f  diarrhoea la r g e ly  revolves around increasing  

host resistance while  a t  the same t ime decreasing pathogenic chal lenge  

However, c e r t a in  aspects of  the exerc ise  do not r e a d i l y  f a l l  in to  e i t h e r  

category and o th e rs ,  perhaps, f a l l  in to  both.  Thus, c a l f  comfort and 

a good d ie t  may act  by increasing the n on-s pec i f ic  res is tance  ( i . e .  

vigour) of  a c a l f  whi le  a t  the same t ime,  a properly-designed pen with  

a dry bed may a lso  decrease the chal lenge of pathogens tha t  a c a l f  is
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subjected to .  The fo l low ing  section w i l l  deal w i th  environmental  

considerat ions and d i e t .

( 0  The environment

In attempting to  summarise those fa c to rs  which he considered 

to be o f  prime Importance In preventing or minimising neonatal c a l f  

diarrhoea,  Reis inger (1965) emphasised among other  th ings ,  the value

of an " ................  i n t e l l i g e n t  a p p l ic a t io n  o f  known husbandry and v e te r in a ry

pr in c ip le s  and methods to  ensure the b i r t h  of  heal thy calves into a 

favourable  environment".  In so doing,  he was repeat ing what so many 

other a u t h o r i t i e s  and advisors 'have advocated before a l b e i t ,  

unfor tunate ly ,  In the absence of any d e f i n i t i v e  proof or actual  

(documented) support.  In shor t ,  the general view would seem to be 

that  newborn calves should be kept in "comfortable" accommodation, 

should be ,lw e l l "  fed and should a lso be subjected to as low a 

"pathogenic chal lenge" as possible .

The importance o f  high pathogenic chal lenge or in fe c t io n  

"bu i ld -up"  was f i r s t  demonstrated exper imenta l ly  by Aschaffenburg and 

others (19**9). This group found that  the Incidence and occurrence o f  

acute diarrhoea In calves under three weeks o f  age was d i r e c t l y  

proport ional  to the concentrat ion of  calves raised in close confinement  

and the length of  time the c a l f  house had been occupied by calves since  

the l a s t  c le a r - o u t ,  d is in f e c t io n  and vacancy. As th is  "occupation  

t ime" increases so does the Incidence o f  diarrhoea and weight gains 

become s i g n i f i c a n t l y  less (Roy, 1970).  I t  has a lso been claimed 

th a t  th is  e f f e c t  may be magnif ied by the feeding o f  i n f e r i o r  mi lk  

replacers  (Roy and Ternouth,  1972; Oxender and o thers ,  1973).  I t  

seems l i k e l y  that pathogenic chal lenge w i l l  increase markedly when some 

of  the inhabi tants  of  a c a l f  house become d ia r rh o e ic .



C le a r ly ,  In the l i g h t  of  th is  informat ion i t  is imperative  

tha t  per iod ic  depopulat ion,  c l e a r in g - o u t ,  d i s in f e c t io n  and ‘ ' r es t ing"  

of  the house, ( i f  only f o r  a few days) are pract ised whenever possib le .  

However, i t  is equal ly  obvious that  such an approach Is f a r  eas ie r  fo r  

a c a l f - r e a r i n g  e n te rp r is e  such as a veal or in tens ive  beef u n i t  where 

large  groups of s i m i l a r l y  aged and s ize  calves are admitted p e r i o d i c a l l y .  

Attempts to evolve advisory systems fo r  d a i ry  farmers who lack purpose- 

b u i l t  or properly-adapted c a l f  accommodation and who a lso have a more 

sporadic c a l f  supply system o f ten  prove to be fa r  more d i f f i c u l t .

Thus, Radostl ts  (197*+) advocated that da i ry  calves which were born 

indoors should be removed from t h e i r  dams at  b i r t h  to  an individual  

c a l f  pen which had been previously  cleaned, d is in fe c te d  and l e f t  vacant 

fo r  a t  lea s t  a few days; he a lso stressed that  such calves should not 

be penned together with  o lder  calves u n t i l  a t  l e a s t  two weeks of age.  

While i t  is obvious that  such an approach may well  decrease pathogenic  

challenge i t  is equa l ly  obvious I f  one accepts the view tha t  such a 

procedure may well  render calves i n e f f i c i e n t  absorbers o f  co lo s t ra l  

immunoglobulins (Selman, 1969; Selman and o thers ,  19 71 ) ;  th e re fo re  

such a procedure may well  re s u l t  In the production of  even more 

susceptib le  in d iv id u a ls .  C l e a r l y ,  i t  would be f a r  b e t te r  to consider  

both aspects of  the problem and to ensure tha t  a l l  calves received  

colostrum in the most s u i ta b le  way (see below) before being removed to  

the c a l f  pens. In fe c t io n  bui ld -up w i th in  the same c a l f  house through 

the w in te r  months ( in the face o f  a seasonal low absorpt ion e f f i c i e n c y  

of  co lost ra l  immunoglobulins) has been suggested as one of  the major  

reasons fo r  the very marked seasonal morb id i ty  and m o r t a l i t y  patterns  

seen in neonatal c a l f  disease in Scot t ish da i ry  herds (Selman, 1973)*

L i t t l e  useful information is a v a i l a b l e  regarding the t rue  

value o f  i s o la t io n  of  d ia r rh o e ic  calves from t h e i r  cohorts but i t
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seems l i k e l y  that such a p ract ice  w i l l  be of value to a l l  concerned.  

S i m i l a r l y ,  i t  would appear tha t  in the face of  an outbreak of  c a l f  

d iarrho ea ,  a l l  calves which are s t i l l  to be born should be reared 

(p re fe rab ly  in s ing le  pens) in a cleaned area which has not held young 

calves for  a t  le a s t  some months.

The arguments which surround the r e l a t i v e  meri ts  of  s in g le  

versus m u l t ip ie  penning are considerable but are o f ten  decided by 

farmers and t h e i r  advisors,  not on the basis of  disease c o n t ro l ,  but 

predominantly wi th regard to a v a i l a b le  labour,  c a p i t a l ,  space and 

feeding -  techniques (Selman -  personal communication).

( I  i) Diet

Much o f  the e a r l i e r  information regarding the importance o f  

d i e t  in the prevention o f  c a l f  diarrhoea again rests  upon 

unsubstantiated opinions and very of ten these opinions have been 

overtaken by newer management and feeding techniques.

Many e a r l i e r  workers were of  the view that  the d ie t  of  

pregnant cows very s i g n i f i c a n t l y  a f fec ted  the s u s c e p t i b i l i t y  of  t h e i r  

of fspr ings  to neonatal c a l f  disqase.  The prevalence of  diarrhoea In 

calves born to  cows and h e i fe rs  fed grass s i la g e  or a r t  I f I c l a l l y - d r l e d  

grass was found to  be much lower than that  of  calves born Into  hay and 

concentrate -feeding herds (Stewart and McCallum, 1938; Withers ,  1953).  

However, the assumptions made in both studies have been questioned  

(Selman, 1969) and i t  has been emphasised by Sojka (1965) th a t  vi tamin  

(and e sp e c ia l ly  vi tamin A) supplementation of  the d i e t  of  young calves  

has no s ig n i f i c a n t  e f f e c t  upon the prevalence of  d iarrhoea .

Another fa c to r  which has been commonly claimed to  a f f e c t  the  

prevalence of  c a l f  diarrhoea is feeding technique.  While admit t ing
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th a t  r e s t r i c t i n g  milk  intake did not always control  c a l f  d iarrhoea,  

B laxter  and others (1952) strongly  emphasised tha t  In t h e i r  view the 

overfeeding of young calves of ten led to an i n t e s t in a l  disturbance and 

d iarrho ea .  The same workers were also of  the opinion that  once-dai ly  

feeding often  gave r ise  to diarrhoea due to overloading o f  the abomasum. 

Inf requent  feeding was thought to give r is e  to diarrhoea by c rea t ing  

an in te s t in a l  disturbance which st imulated ,  or a l lowed,  e n te r ic  

bacte r ia  to  m u l t ip ly  (L o ve l l ,  1959).  Several workers have advocated 

t h r e e - t i m e s - d a i 1y feeding ( fo r  example Sheehy, 19^9; I n g l i s ,  I 9 6 0 ) .  

Dalton and others (i960) f i r m l y  be l ieved that  the main value of  th is  

p ra c t ic e  was due to the fa c t  that small frequent feeds simulated the 

more natural  (suckl ing) s t a t e .  However, th is  l a t t e r  po int  is in 

some doubt since i t  has been shown, at  le a s t  w ith  suckl ing newborn 

da I r y  calves (Selman, 1969) tha t  such ind iv idua ls  usua l ly  take large  

sporadic feeds.  F i n a l l y ,  the feeding of  very cold m i lk  to young 

calves has been shown not to  in e v i ta b ly  give  r is e  to diarrhoea  

(Brownlee -  c i ted  by Selman, 1969).

As a lready s ta ted ,  the above comments have to  be considered 

with  some degree of  caution p a r t i c u l a r l y  in the l i g h t  o f  r e l a t i v e l y  

new (and of ten  very successful) c a l f - r e a r i n g  techniques such as once- 

d a i l y  feeding ,  six -days-per-week feeding,  a d l i b  (machine) feeding of  

hot m i lk  su b s t i tu te  and the ad l i b  (bin) feeding of cold mi lk  s u b s t i tu te .  

However, there Is some evidence to support the view t h a t ,  a t  lea s t  in 

the past in B r i t a i n ,  c e r t a in  m i lk  subst i tu tes  were p a r t i c u l a r l y  

dangerous (Roy, 1959).

That neonatal c a l f  diarrhoea occurs more commonly in calves on 

a m i lk  su b s t i tu te  d ie t  than in those fed raw mi lk  is a commonly 

expressed view although again there  is l i t t l e  or no acceptable evidence
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to support th is  view. However, d i s t i n c t  d i f fe re n ce s  in s u s c e p t i b i l i t y  

to diarrhoea have been shown to e x is t  in calves fed d i f f e r e n t  brands 

of  m i lk  powder. Observations and experiments on the e f f e c t  of  heat  

treatment of skimmed mi lk  during the production of  m i lk  powder revealed  

tha t  d ie ts  composed of powder which had been heated s u f f i c i e n t l y  to  

bring about denatur isat  ion o f  a large propor t ion  o f  whey prote ins  

would, i f  given d i r e c t l y  a f t e r  the colostrum feeding per iod,  predispose  

calves to an "E. co l i  lo c a l ise d  in te s t in a l  in f e c t io n "  (Wood, 1955; 

S h i l l a m a n d  Roy, 1961).  The heat treatment resu l ted  In poor c l o t t i n g  

of  the mi lk  by rennet (Shi 11am and Roy, 1963b) and a reduced 

d i g e s t i b i l i t y  o f  prote in  (Shl l lam and Roy, 1963a).  L a te r  work showed 

th a t  the bucket -feeding of a "severely  h e a t - t r e a t e d  m i lk "  was 

associated wi th  a reduced volume of  abomasal out f low during the f i r s t  

hour a f t e r  feeding,  an increased output of  undigested pro te in  from the  

abomasum and a higher pH during the f i r s t  s ix - a n d - a - h a l f  hours a f t e r  

feeding (Tagari and Roy, 1969).  Such f ind ings  are a lso  in accordance 

with  the observed reduction in d i g e s t i b i l i t y  o f  p ro te in  and in the 

increased Incidence of diarrhoea and m o r t a l i t y  when calves were given 

"s evere ly"  h e a t - t re a te d  mi lk  powder in an adverse microbio log ical  

environment (see above).  I t  has also been suggested tha t  diarrhoea  

is qu i te  a common event in calves fed on a skimmed mi lk  d ie t  and that  

t h i s  is a lso due to the "excessive" pro te in  contents o f  such d ie ts  

(Roy, 1969) .

IMMUNOLOGICAL ASPECTS

Some o f  the more Important fea tures  of  co lo s t ra l  

immunoglobulin absorption and protection  have a lready been d ea l t  w i th  

In Chapter 1. The present section w i l l  deal w i th  the more p ra c t ic a l  

aspects of  colostrum feeding ,  together w i th  b r i e f  comments on the  

use of immune sera and vacc in at ion .
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( i ) 1 'Passive11 protection  from colostrum

Despite the various and numerous techniques which have been 

used to demonstrate the value of  an e ar ly  feed of  colostrum there  is 

s t i l l  some measure of  debate as to how important co lo s t ra l  pro tec t ion  

r e a l l y  is .  Again, many of the d i f f i c u l t i e s  which have ar isen  are the 

re s u l t  o f  worker's f a i l i n g  to record when and how colostrum was fed,  

the volume ingested,  how e f f i c i e n t  absorption was, the form of  neonatal  

disease under considerat ion,  whether or not s p e c i f i c  p ro tec t ion  was 

conferred and the degree (or method) of  pathogenic chal lenge.  One of  

the major misconceptions in th is  work has been that  co lo s t ra l  

immunoglobulin absorption is an in e v i ta b le  sequel to the feeding of  

colostrum (Selman, 1973).  As has a lready been noted,  colostrum has 

to be Ingested under c e r ta in  c r i t i c a l ,  and now w e l l - d e f in e d ,  

circumstances in order that Immunoglobulin absorption is maximal 

(Selman, 1969; 1973). Even then I t  must be accepted that  whi le  the 

mere feeding o f  colostrum is not a guarantee o f  s u r v iv a l ,  the obverse 

( i . e .  co lostrum-deprivat  Ion) usual ly  means severe disease and even 

death under normal farming cond i t ions.  Moreover, there  is now ample 

evidence to show that the bulk o f  colostrum-fed calves which die  w i th in  

the neonatal period (Leech and others ,  1968) have in fa c t  f a i l e d  to  

absorb Immunological 1 y-adequate amounts of  immunoglobulin (Gay and 

others ,  1965; McEwan and o thers ,  1970a; Selman and others ,  1971) .

The c r i t i c a l  fac tors  Involved in ensuring that calves absorb 

maximal amounts of  immunoglobulin would appear to revolve around the 

condi t ions surrounding the f i r s t  feed o f  colostrum (Selman, 1969, 1973).  

Given optimum condi t ions,  immunoglobulin absorption is maximal and 

under most pra c t ic a l  circumstances the chances of a c a l f  surv iv ing  the 

neonatal period are d i r e c t l y  re la ted  to the serum concentrat ion of  

passively -acquired immunoglobulin (Gay and others ,  1965; McEwan and
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others ,  1970a). While I t  Is not d i f f i c u l t  to Imagine how absorbed 

Immunoglobulin protects  young calves against  invas ive s t ra in s  of  

E. col I fo r  example ( I . e .  col {septicaemia)  the s i t u a t io n  regarding the 

way in which calves are protected against  the e f f e c t s  o f  diarrhoea  

(McEwan, 1968) are as yet more d i f f i c u l t  to e x p la in .  Nevertheless ,  

t h is  appears to be the s i t u a t io n ;  calves wi th  high c i r c u l a t i n g  leve ls  

of pass ively -acquired immunoglobulin may become d ia r rh o e ic  but do not 

s u f fe r  the de le te r ious  f l u i d  and e l e c t r o l y t e  derangements which occur 

In d ia rrh o e ic  calves wi th lower serum concentrat ions (de la  Fuente,  

1970).  i t  has been suggested by several workers tha t  calves with high 

c i r c u l a t i n g  leve ls  of  co lost ra l  Immunoglobulin are able  to survive  

e n t e r ic  In fec t ion  due to the large  amounts of  serum g lob u l in  which are  

re -excreted  Into the gut (McEwan, 1968).

The Important fac to rs  associated with  maximal immunoglobulin 

absorption are (1) time of feeding ( i i )  amount (mass) ingested and

( i i i )  the presence o f  the dam (Selman, 1969).  The t iming of the f i r s t  

feed o f  colostrum is now accepted as being abso lu te ly  c r i t i c a l ;  

In te s t in a l  "shutdown" s ta r ts  a t  b i r t h  and proceeds so qu ick ly  that  

meaningful absorption Is u n l ik e ly  to occur a f t e r  a c a l f  has reached 

the age of  ten hours. Thus, current advice is to feed as e a r ly  as 

possible and c e r t a i n l y  w i th in  s ix  hours of  b i r t h .  Since ea r ly  

suckl Ing Is not an in e v i ta b le  consequence of loose-box or f i e l d - c a l v i n g  

(Selman, 1969; 1973) i t  is essentia l  to ensure tha t  suckl ing has 

occurred w i th in  t h is  time and not to assume that i t  has. The amount 

of immunoglobulin absorbed from an e a r ly  feed o f  colostrum is d i r e c t l y  

dependent on the mass ingested (Selman, 1969) and since the 

concentrat ion In colostrum is v a r ia b le  (Selman, 1969) i t  is essentia l  

to feed maximal volumes o r ,  again ,  to ensure that calves suckle,  or  

have suckled,  to s a t i a t i o n .  i d e a l l y ,  calves should be encouraged to
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Ingest 5-7% of t h e i r  bodywelght during t h e i r  f i r s t  suckl ing spel l  

(Selman, 1969); in other  words an average-s ized ( i . e .  35kg.) c a l f  

should be encouraged to consume 2.5  l i t r e s  of  colostrum. Such intakes  

though very large by normal farming standards, are q u i te  comparable with  

those of natural  1y -suck l ing  newborn da iry  calves (Selman, 1969).  The 

other  important fa c to r  - as yet  unexplained -  is the fa c t  that calves  

l e f t  w ith  th e i r  dams are almost twice as e f f i c i e n t  a t  absorbing 

immunoglobulin than non-mothered calves ,  I r re s p e c t iv e  of  a l l  other  

fac to rs  (Selman, 1969).

I t  has been suggested recent ly  tha t  to overcome some of the 

p r a c t ic a l  disadvantages involved In the above ( id e a l )  advice and, In 

p a r t i c u l a r ,  the very close a t te n t io n  that  is necessary during the e a r ly  

post-partum period,  a large  volume of colostrum might be administered  

by stomach-tube. Such a procedure is now known to a l low  s ig n i f i c a n t  

absorption of  immunoglobulin (Molla,  1978) and there  is now increasing  

f i e l d  evidence to suggest th a t  i t  was a worthwhile part  to  play,  

e s p e c ia l ly  on busier d a i ry  farms (Selman - personal communication).

As already s ta ted ,  the actual  mechanism whereby absorbed 

co lo s t ra l  immunoglobulins exer t  t h e i r  p ro te c t ive  e f f e c t s  is s t i l l  in 

doubt.  At one stage i t  was f i r m ly  be l ieved that such protection  was 

st rongly  s t r a i n - s p e c i f i c  and thus, even i f  a h lgh-absorpt ion c a l f  was 

exposed to a s t r a in  of  E. col i which i t s  dam had never encountered,  

i t  was l i k e l y  to succumb e i t h e r  to systemic invasion or a lo c a l ise d  

e n t e r ic  in fe c t io n .  However, the surveys of  Gay and others (1965) and 

McEwan and others (1970a) in to  the disease prevalence in calves of  

defined immunological s ta tus and gathered .from a wide v a r ie t y  o f  sources 

would cast ce r ta in  doubt on th is  hypothesis.  In any case,  the 

protagonists  of  s t r a i n - s p e c l f I c i t y  r a r e l y  i f  ever attempted to confirm
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tha t  meaningful absorption had occurred in the calves under 

cons idera t ion .  Moreover, s t r a i n - s p e c l f i c i t y  has been shown by Fey and 

Margadant (1962) to  be i r r e le v a n t  a t  le a s t  in experimental  

c o l i  sept icaemia.

The p ro te c t ive  ro le  of  colostrum under natural  condit ions in 

ro ta v i ru s  in fect ions  is somewhat c o n t r o v e r s ia l .  Woode and others

(1975) showed that there  was a rapid dec l ine  in the s p e c i f i c  antibody  

content of  colostrum w i th in  two days of  ca lv in g ,  a s i t u a t io n  which has 

been recognised fo r  other  s p e c i f ic  antibodies  and to t a l  immune 

1 actoglobul in (Selman, 1969).  Woode and others (1 975) claimed that  

they were able to l i m i t  the rapid spread of  d iarrhoea among calves by 

o r a l l y  administering  colostrum with a n t i - r o t a v i r u s  a c t i v i t y .  Since 

they were of  the view that  high c i r c u l a t i n g  s p e c i f i c  antibody did not 

protect  calves against  ro tav irus-induced diarrhoea they recommended the  

use of  f i r s t - d a y  (stored) colostrum as a prophy lact ic  measure In 

outbreaks of  ' ‘ro tav irus  d iarrhoea" .  The same workers a lso  recommended 

tha t  i t  would be useful  to check the a n t i v i r a l  a c t i v i t y  o f  colostrum 

being deep-frozen fo r  th is  purpose and even claimed th a t  sour-stored  

( i . e .  non-frozen) colostrum re ta ined i t s  a n t i r o t a v i r u s  a c t i v i t y .  In 

p ra c t ic e ,  i t  seems u n l ik e ly  tha t  such monitoring of  colostrum Is r e a d i l y  

f e a s i b l e .

( I i ) 1 'Passive" protection  with immune sera

Passive immunization induced by the parenteral  adm in is t ra t ion  

of b io log ica l  preparat ions has been the o b je c t iv e  of  a number of  

research programmes.

Aschaffenburg and others (19^+9) concluded th a t  i t  was possible  

to  prevent col isepticaemla  with  as l i t t l e  as 80ml o f  co los t ra l  whey

h2



administered o r a l l y  w i th in  the f i r s t  few hours o f  l i f e .  Fey and 

others (1963) and Logan and Penhale (1971) also found that  the 

intramuscular or in t ra -p e r i t o n e a l  a dm in is tra t ion  of  varying amounts of  

co los t ra l  whey prote ins protected young calves against co l isept icaemia  

but not neonatal diarrhoea.  Attempts at  prevention using serum, 

plasma and whole blood in jec t io n s  have y ie lded equivocal  and of ten  

disappointing resu l ts  (Gould, 1958; McDonald and Oakley,  1961; Watt ,  

1965).  S im i l a r l y ,  Bosma (1968) observed that the intramuscular  

in je c t io n  of two grams of bovine gammaglobulin sh o r t ly  a f t e r  b i r t h  

a f fe c te d  ne i th e r  t h e i r  serum gamma g lobu l in  concentrat ions nor had any 

in f luence on the Incidence and course of  d iarrhoea .  In so doing,  he 

demonstrated what many f i e l d  workers have come to recognise when using 

commercial 1y - a v a i 1able immune sera,  namely that large  amounts of  

gammaglobul in are necessary to bring about pro tec t ion  and, in g e n e r a l , 

t h is  resu l ts  only in protect ion  against c o l is e p t ic a e m ia , a problem 

which anyway, is e a s i ly  prevented by the proper a d m in is t ra t ion  of  

colostrum. - On the other hand, Urban (1968) reported good resu l ts  in 

attempts to prevent neonatal c a l f  diarrhoea by the parentera l  

adm in is t ra t ion  o f  non-spec i f ic  immunoglobulins a t  the ra te  of  1 ml /kg .  

bodyweight in colostrum-fed calves and 100-150 ml /kg.  bodyweight in 

colostrum-deprived calves .  S i m i la r ly ,  Logan and others (197*0 claimed 

a p a r t i a l  reduction In m o r t a l i t y  due to " e n te r ic  c o l i b a c l 1lo s ls "  

fo l lowing the parentera l  admin is tra t ion  of  four grams of an lgM-rlch  

f r a c t io n  of  bovine serum.

In short ,  no evidence has yet been produced to provide  

convincing support fo r  the view that immune sera have a valuable  par t  

to play in the prevention o f  neonatal c a l f  disease in comparison with  

the evidence which is a v a i l a b le  to t e s t i f y  to the value of  p roper ly -  

administered colostrum. Nevertheless,  several commercial preparat ions  

are a v a i l a b le  in B r i t a i n .



( f i i i )  The use of  vaccines

Myers (1976) emphasised the d i f f i c u l t i e s  of  assessing the 

re s u l ts  of  attempts to control  neonatal c a l f  diarrhoea by vacc inat ion ,  

not least  because of  the problems of diagnosing the s p e c i f ic  cause of  

a p a r t i c u l a r  outbreak or problem. Quite apart  from making the re su l ts  

of recent t r i a l s  almost impossible to i n t e r p r e t ,  the d i f f i c u l t i e s  

associated with  d i f f e r e n t i a l  diagnosis render much of the e a r l i e r  

studies impossible to assess qu i te  simply because they were c ar r ied  out 

a t  a time when E. c o l i  was considered to be dominant, i f  not the so le ,  

cause of neonatal c a l f  d iarrhoea .  Nevertheless,  many studies have 

been attempted and examples of the various approaches which have been 

made w i l l  be b r i e f l y  d ea l t  w ith  under two headings: ( i )  col i b a d  11 os I s

and ( i i )  ro tav irus  in fe c t io n .

Col ib a c i11o s i s : With the above comments in mind ( p a r t i c u l a r l y  in

r e la t i o n  to e a r l i e r  studies) the various approaches which have been 

attempted are t h r e e - f o l d ,  that  is in -u te ro  vaccinat ion o f  the foe tus ,  

vacc in at ion  of  the newborn c a l f  and vaccinat ion o f  the pregnant cow 

or h e i f e r .

In a c o n tro l led  experimental study,  Gay (1971) demonstrated 

th a t  i t  was possible to  confer protection against  chal lenge by invasive  

( I . e .  col isepticaemic ) s t ra ins  of  E. col ? by vaccination of  the foetus  

during the l a t t e r  part  of pregnancy. The vaccine used was a k i l l e d  

prepara t ion .  The study merely set out to examine the p r in c ip le  of  

in -u te ro  vaccinat ion and was in no way aimed a t  de f in ing  a p rac t ica l  

approach to the problem. S imi la r  s tudies,  using an E. col i b a c te r in ,  

revealed that  such an approach not in f requent ly  resul ted in problems 

such as s t i l l b i r t h s  and meningoencephali tis (Conne and o thers ,  1973).



Other workers have studied the use of  various preparat ions  

administered to newborn calves and both "immune" sera ,  vaccines and a 

combination of  the two approaches have been t r i e d .

Despite the fa c t  tha t  most calves which die  of  e i t h e r  

col I septicaemia or neonatal diarrhoea do so before the age of  two weeks 

(Withers,  1952) much in te re s t  has been d i rec ted  towards evolv ing an 

e f f e c t i v e  vaccine against one or both problems. Fradkina (1935) 

reported th a t  fo l lowing vaccinat ion o f  calves with  "s u i ta b le  organisms",  

a "considerable degree" o f  immunity was ra p id ly  a t t a in e d .  U lbr ich  

(195*0 concluded from his own studies that a c t iv e  immunization provided 

a useful  prophy lactic  measure as long as the vaccine was prepared from 

a " h e rd -s p e c i f ic "  s t r a in  o f  E. c o l i  or from the most f re q u e n t ly  iso la ted  

serotypes. Dam (1973) was o f  the opinion that  a more ra t io n a l  approach 

to th is  type of  control  lay in the use of  a serum preparation  

administered a t  b i r t h ,  fol lowed by vacc in at ion .  Another vaccinal  

approach was that  reported by Por ter  and others (1975) which involved 

the oral  a dm in is tra t ion  ( i . e .  feed-incorporated)  vaccine comprising 

h e a t - in a c t iv a te d  E. c o l i  and Salmonel1 a antigens.  improved heal th  was 

reg is tered  In terms of  a s ig n i f i c a n t  reduction in the incidence and 

duration of  diarrhoea and in the need fo r  an t im icrob ia l  therapy.  

Vaccinated calves a lso showed b e t te r  weight gains and during the f i r s t  

three weeks o f  l i f e  the ant igen - fe d  calves showed b e t te r  faecal scores 

( I . e .  less diarrhoea) together wi th  a b e t te r  a p p e t i te  f o r  concentrates.  

Such an approach obviously merits  fu r th e r  considerat ion in view of the 

f indings of  the same group of workers when applying the same techniques 

to the problem of neonatal diarrhoea In pigs.

The concept of  the s p e c i f i c i t y  of  co los t ra l  antibodies  fo r  

c e r t a in  pathogenic s t ra in s  of  E. c o l i . coupled with an increasing
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awareness o f  the importance and mechanism of  c o lo s t ra l  p ro te c t io n ,  

has prompted several groups of  workers to in ves t ig a te  prevention by 

dam vacc inat ion .  Unfor tunate ly  (and q u i te  apar t  from the problems of  

assessment outl  ined above) several  of  the studies have tended to assume 

th a t  co lostrum-feeding/suck l ing  and co los t ra l  immunoglobulin absorption  

were almost in e v i ta b le  under the condit ions o f  t h e i r  study.

S e l le rs  and others (1962),  using a h e a t - k i l l e d  preparat ion of  

E. co l i  obtained from the faeces of  s ix  d ia r rh o e ic  calves from a s ing le  

beef herd,  a lso vaccinated pregnant cows and h e i f e r s .  These workers 

f a i l e d  to  demonstrate any b e n e f i t  whatsoever when the resu l ts  were 

compared with  a control  group of  calves whose dams were vaccinated with  

a non-pathogenic s taphy l1ococcal (dead) prepara t ion .  Another attempt  

to  control  the disease ( i . e .  assumed col ib a c l11 os is) in th is  way was a 

l a rg e -s c a le  experiment conducted by Shoenaers and others (1967) in 

Belgium. These workers claimed that t h e i r  dam vaccination approach,  

using a k i l l e d  preparat ion of  supposedly pathogenic E. col i was 

e f f e c t i v e  although a subsequent analys is  of  t h e i r  data c a r r ie d  out by 

Selman (1969) casts considerable doubt on t h i s .  More r e c e n t ly ,  Myers

(1976) claimed s i g n i f i c a n t  success, using the dam-vaccination approach 

w hi le  a t  the same t ime emphasising the d i f f i c u l t i e s  of  obta in ing  and 

presenting convincing data.

Rotavirus In fe c t io n :  Oral vacc inat ion ,  using an a t te nua te d ,  c e l l

cu l tured  v irus  which is non-pathogenic fo r  ca lves ,  has been claimed by 

Mebus and others ,  (1972) to be h I g h l y - e f f e e t i v e  in e f f e c t in g  a reduced 

incidence of  ro tav irus  diarrhoea under f i e l d  cond i t ions .  However, the 

v a l i d i t y  of  these claims has been questioned by Blood and others (1979) 

fo l lowing a d e ta i le d  appraisal  o f  the a v a i l a b le  data .  One of the 

most in te re s t in g  facets  to the whole question of  the oral adm in is tra t ion
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of an attenuated ro tav irus  vaccine is p re c ise ly  how the preparat ion  

works. i t  appears tha t  a t rue  immunity does not a r is e  but tha t  

exposure and co lon isa t ion  of  the in te s t in a l  ep i the l ium by the vaccine  

virus precludes Invasion by v i r u l e n t  ( i . e .  wi ld )  v i r u s .  An inact iva ted  

vaccine which is capable ( fo l low ing  parentera l  admin is t ra t ion)  o f  

increasing the serum n e u t r a l is in g  t i t r e  o f  cows by 20-40 fo ld  has a lso  

been developed (Mebus and o thers ,  1973a) and i t s  use fo l low ing  dam 

vaccinat ion is c u r r e n t ly  under assessment. The same workers have a lso  

developed a l i v e ,  a ttenuated s t r a in  of  c a l f  coronavirus (Mebus and

others ,  1973b) fo r  possible  fu tu re  use as an oral  vaccine.
*■

THE USE OF ANTIBIOTICS

All  of  the comments which have been made regarding the 

d i f f i c u l t i e s  of  In te rp re t in g  the l i t e r a t u r e  deal ing  with  other methods 

of  preventing neonatal c a l f  d ia rrhoea ,  equal ly  apply to  the subject  

of  a n t i b i o t i c  prophylax is .  Much of the reported work was c a r r ie d  out 

at a time when the problem was considered to a r is e  as the re s u l t  of  a 

r e l a t i v e l y  simple b a c te r ia l  in fe c t io n  and when the overwhelming 

importance of  co los t ra l  immunity was not as widely appreciated as i t  

Is today.  These fa c to r s ,  together  with  the apparent re luctance of  

many inv es t iga to rs  to present other than anecdota l ,  un-control  1ed 

in formation,  or even d e ta i le d  in formation,  makes th is  whole area of  

prophylaxis an extremely d i f f i c u l t  one to  assess. Current experience  

would seem to suggest th a t  a n t i b i o t i c  prophylaxis per se ( i . e .  in 

agamma or hypogammaglobulInaemic calves subjected to high pathogenic 

challenge) Is u n l i k e ly  to s i g n i f i c a n t l y  control  a neonatal c a l f  

diarrhoea problem. Neverthe less ,  a n t i b i o t i c  prophylaxis apparent ly  

s t i l l  remains as the method of choice w i th  many farmers and 

v e te r in a r ia n s  and a wide range of  s p e c i f i c a l l y - fo r m u la t e d  a n t i b i o t i c  

preparation are c u r re n t ly  a v a i l a b le  in B r i t a i n .
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Most o f  the e a r l i e s t  reports  regarding the use of  a n t i b i o t i c s  

In neonatal c a l f  diarrhoea deal e xc lu s iv e ly  wi th  t h e i r  value as 

therapeut ics .  The resu l ts  obta ined,  using such drugs as 

ox y te t rac y c l In e  (Katka,  1951; Pearson, 195*+) appeared to be so 

impressive tha t  i t  Is not surpr is ing  that the use of  these compounds 

and others in the prevention of  th is  problem was soon advocated,  

p a r t i c u l a r l y  since increasing a t t e n t io n  was being paid a t  that t ime to  

mass medication techniques in other l iv e s to c k  e n te rp r is e s ,  p a r t i c u l a r l y  

p o u l t ry .  Thus, Pearson (195*+) described the use of  oral  

oxytet racycl  Ine,  administered to calves on s ix  problem farms during  

the f i r s t  *+8 hours of  l i f e  as being t o t a l l y  e f f e c t i v e  in th a t  no t rea ted  

calves developed d iarrhoea .  S i m i l a r l y ,  Roy (1959) advocated the use 

of  oral  chloramphenicol and parentera l  o x y t e t r a c y c l In e ,  both 

administered as soon as possible a f t e r  b i r t h .  He d id ,  though, in fe r  

tha t  th is  was not necessar i ly  e f f e c t i v e  in a l l  cases.

However, in the f i r s t  c o n tro l led  study set up to  inv es t iga te  

the r e l a t i v e  e f f i c a c y  o f  a number of  d i f f e r e n t  a n t i b i o t i c s ,  Dalton 

and others (I960) demonstrated that whi le  d i f fe re n ce s  ex is ted  between 

d i f f e r e n t  compounds, none was completely e f f e c t i v e .  These workers did 

emphasise the importance of  the route of  a d m in is t ra t ion  and c i t e d  as an 

instance the f a i l u r e  o f  parentera l  o x y te t ra c y c l In e  to  prevent neonatal  

c a l f  d ia rrhoea ,  due, they suggested, to  the fa c t  th a t  the drug was not 

excreted In to  the a l imentary  t r a c t  when given s y s te m ic a l ly . At about 

the same t ime, another worker (G lantz ,  1962) emphasised the importance 

of choice o f  a n t i b i o t i c  In terms of the s u s c e p t i b i l i t y  of  the various  

gut organisms; he concluded that i t  was important to  choose a drug 

( for  example, chloramphenicol) which would reduce the numbers of  E. col i 

without upset t ing the populat ions of  other  organisms such as the 

Lactobaci  11i and EnterococcI .
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One of the reasons f o r  lack of  e f f i c a c y  of  c e r t a in  a n t i b i o t i c s  

In c e r ta in  calves was considered by Dalton and others (i960) to be 

a n t i b i o t i c  res is tance .  I f ,  as had been suggested by Smith and Crabb 

(1956),  a n t ib i o t i c s  were th e r a p e u t ic a l ly  e f f e c t i v e  in tha t  they decrease 

the concentrat ion of  E. c o l i  In the gut ,  then t h e i r  f a i l u r e  to do so 

on some occasions could be explained by the presence of s t ra in s  of  the 

organism which were re s is ta n t  to  the p a r t i c u l a r  a n t i b i o t i c  used.

Increas ingly ,  the problem of  b a c te r ia l  res is tance  to  

a n t i b i o t i c s  has preoccupied s c ie n t i s t s  although I t  should be emphasised 

tha t  I t  Is not a phenomenon exc lus ive  to the fa m i ly  Enterobacte r lacae . 

The prevalence of  s t r a in s  of  E. col i r e s is ta n t  to  such a n t i b i o t i c s  as 

streptomycin, o x y te t rac y c l in e  and neomycin Increased markedly between 

1957 and 1963 (McKay and o thers ,  1965) and Smith (1966) presented 

evidence to  show that not only are many s t ra in s  of  E. col I capable of  

m u l t ip le  resistance to  a range of d i f f e r e n t  a n t i b i o t i c s  but a lso many 

such s t ra ins  are o f ten  associated wi th  severe disease In both man and 

his food animals.  This s i t u a t io n  has tempted c l i n i c i a n s  to s trongly  

recommend the use of  i n - v i t r o  s e n s i t i v i t y  tes ts  p r io r  to the 

commencement of  treatment of neonatal c a l f  diarrhoea (Radostl ts ,  197*0.  

On the other hand, Smith (I960) emphasised t h a t ,  such was the ra te  at 

which re s is ta n t  s t ra in s  of  E. col I could a r is e  fo l low ing  the i n i t i a t i o n  

of a n t i b i o t i c  therapy,  the e f f i c i e n c y  of  a n t i b i o t i c s  In e l im in a t in g  

s en s i t ive  s t ra ins  was of ten  masked by the extreme speed wi th  which 

re s is ta n t  s t ra ins  could replace them. Transferab le  ( in fe c t io u s )  

resistance has been recognised as occurring commonly between members 

of the family  Enterobacterlacae (Datta ,  1962; Smith,  1966) and was 

stated by Walton (1968) as being the commonest form o f  acquired  

a n t i b i o t i c  resistance in th is  fam i ly  of  organisms.
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Several groups o f  workers ( fo r  example, Dalton and others ,  

I 960 ;  Dalton,  196*+; McKay and o thers ,  1965; and others)  have 

suggested that  the f a i l u r e  of  a n t i b i o t i c s  to  control  outbreaks,  or  

prolonged problems, of  neonatal c a l f  diarrhoea Is l i k e l y  to be due to 

In fect ions  with  s t ra in s  of  bacter ia  r e s is ta n t  to  the a n t i b i o t i c  which 

Is being used. However, in the l i g h t  of  more recent in formation,  the 

lack  of  knowledge regarding the immune status o f  the calves and the 

fac t  tha t E. c o l i  was simply assumed to  be the causal organism, means 

tha t  so o f ten  such suggestions must be viewed wi th  reservat ions .  

Nevertheless,  the problems o f  a n t i b i o t i c  res is tance  In both human and 

v e te r in a ry  medicine must not be under-emphasised (Swann, 1969) and as 

one step towards c u r t a i l i n g  the problem, a t  le a s t  In B r i t a i n ,  there  are  

now s t r i c t  l i m i t a t io n s  on the choice of  a n t i b i o t i c  which may be used as 

feed add i t ive s  fo r  e i t h e r  prophy lactic  or growth promotion purposes.

The s i tu a t io n  has a lso  s t imulated much In t e r e s t  in a l t e r n a t i v e ,  

n o n -a n t ib io t ic  methods of  prevention fo r  the e n t e r ic  diseases of  young 

food animals.

THE USE OF LACTOBAC1LLUS-C0NTA1N1NG PREPARATIONS

The search fo r  e f f e c t i v e ,  n o n - a n t ib io t i c  methods fo r  the 

prevention of  neonatal diarrhoea in calves has led to a re-examinat ion  

of  c e r ta in  approaches which were very probably cast aside during the 

e a r ly  days of  the " a n t i b i o t i c  e ra" .  One such approach was the use of  

lac tobac l l  1us-conta in ing  prepara t ions .

Long before the existence o f  ba c te r ia  was recognised,  the 

use of sour m i lk  preparat ions such as yoghurt ,  kanmis and k e f i r  was 

advocated for  the treatment of  g a s t r o - ln t e s t in a l  disorders  in both 

Europe and Asia (Hawley and o thers ,  1959).  The f i r s t  systematic  

study of the use of  sour m i lk  in humans was by Metchnikoff  (1910) who
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was In tr igued  by the b e l i e f  tha t  Bulgarians who drank "bulgar icus"  

m ilk  apparently l i v e d  longer than those who did not .

Ear ly  workers a lso  studied the b acter io logy  of  soured mi lk  

although many years elapsed before the problems associated with  the  

Implantat ion of  c e r t a in  of  the organisms they found into  the In te s t in e  

(e .g .  L a c t o b a c i l1 i) were appreciated (Hawley and o thers ,  1959).  The 

" l a c t i c  acid b a c te r ia "  was even tua l ly  shown to  be e i t h e r  rod-shaped 

or spherical  organisms which are now accepted as being in the genera 

Lactobac i11 us and Streptococcus re s p e c t ive ly ,  of  the fami ly  

L actobacte r lacae . These bacter ia  are widely  d is t r ib u t e d  In nature  

and may be iso la ted  with  r e l a t i v e  ease from the mucosae o f  many 

d i f f e r e n t  mammals and from mi lk  fermenting food and green plants  

(Sandine and o thers ,  1972).  Unl ike  the Col i -aerogenes ba c te r ia  and 

the Ente rococc i . which are a lso  considered to be an essent ia l  par t  o f  

the normal gut f l o r a ,  the in te s t in a l  Lactobac i11 i do not Include any 

pathogenic organisms (Hawley and others ,  1959).  Under normal 

circumstances,  the " l a c t i c  acid  ba c te r ia "  r a p id ly  colonise the 

i n te s t in e  fo l lowing nursing and suckl ing and under optimal condi t ions  

t h e i r  presence w i th in  the a l imentary  t r a c t  appears to favour the 

establ ishment of  a hea l th y ,  balanced f l o r a .  However, the mechanisms 

by which they exer t  these ben ef ic ia l  e f f e c t s  are s t i l l  f a r  from 

completely understood.

The phenomenon whereby the organisms in question help to  

prevent the establ ishment of  pathogenic ba c te r ia  has been termed 

" b a c te r ia l  antagonism" (Meszaros and Varga, 1975).  This property is 

probably due, a t  lea s t  in p a r t ,  to the a b i l i t y  o f  cu l tu res  of  

L a c t o b a c i l11 (Wheater and o thers ,  1951; Vincent and others ,  1956) and 

Enterococci  (Broch and others ,  1963; Kafel and Ayres,  1969) to

51



produce a n t ib a c t e r i a l  substances,  the s o -c a l led  "b a c te r io c in es " .  

Freeze-dr ied  Lactobaci 11 i (fed a t  the ra te  o f  0 .5  g /4  l i t r e s  o f  mi lk  

da i ly )  has been shown to lower the co l i form quotient in c a l f  faeces 

(Michna and Odovin, 1966) and Khausmann (1967) demonstrated that  what 

he termed an a n t i b i o t i c  substance, produced by c u l tu r in g  L.  acidophi lus  

and c e r ta in  gram-negative In te s t in a l  bac te r ia  apparently  had a 

therapeut ic  e f f e c t  on d ia r rh o e ic  calves .  Another probable b e n e f i t  

is tha t  the organisms In question produce l a c t i c  ac id ,  thereby  

decreasing the pH o f  the higher small in te s t in e  (Radulovlc and o thers ,  

1976) and hence e i t h e r  r e s t r i c t  the m u l t i p l i c a t i o n  of  organisms such as 

E. col I or e lse  l i m i t  t h e i r  presence to  the lower small in te s t in e  

(Besl in ,  1975).  In view of these propert ies  i t  is not surpr is ing  

tha t  a c e r t a in  amount of  in te r e s t  has been paid over the years to the  

possible uses of  these bacter ia  and/or t h e i r  ex t rac ts  fo r  the 

prevention of  various In te s t in a l  disease (Shaw and Muth, 1937; Kohler  

and Bohl, 1964; R e is lnger ,  1965).

Rettger  and others (1935) summarised the condi t ions which 

they considered to  be essentia l  fo r  the success of Lactobac i11 us 

therapy even before f i n i t e  evidence ex is ted  to show i ts  e f f i c a c y .

They claimed tha t  I t  was essentia l  to  use an in te s t in a l  s t r a i n ,  in 

t h e i r  case L .  a c id o p h i lu s , and they a lso  emphasised the importance of  

administer ing large  numbers of  v ia b le  c e l l s ,  i r re s p e c t iv e  of  whether  

“acidophi lus"  m i lk  or a f re e z e -d r ie d  product was used. In the case 

of the former ( l iq u id )  prepara t ion ,  I t  was found to be essentia l  to  

store at  low temperatures and to  use as soon as possib le ;  in the case 

of the f re e z e -d r ie d  prepara t ion ,  fa c to rs  such as the method o f  dry ing ,  

the composition o f  the suspending medium and the method of  

re co n s t i tu t io n  were a l l  thought to  be c r i t i c a l .  Despite a l l  of  the 

above recommendations, l i t t l e  or no s c i e n t i f i c a l 1y-acceptable  evidence
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was produced to support the claim tha t  Lactobac i11 us therapy was 

b e n e f ic ia l  In c e r t a in  types of  g a s t r o - i n t e s t in a l  disease.  However, 

some progress has now been made towards de f in ing  the value of  th is  

approach at  least  In young pigs and calves although,  again ,  much of the 

work s t i l l  suf fers  from many of the c r i t i c i s m s  regarding v a l id  control  

and diagnosis which have been a lready re fe r re d  to on several occasions 

in respect of  other prophyl1a c t i c  procedures.

I t  has been shown that  when young pigs were fed L.  a c id o p h i lu s , 

t h e i r  growth rates were fa s te r  than contro ls  on a non-supplemented d ie t  

and th a t  the higher concentrat ions of  l a c t i c  acid w i th in  t h e i r  gut 

lumen apparently increased the absorption of  calcium (Mollgaard,  19^6).  

Increased weight gains were a lso noted by 01ssen (1961) who fed young 

pigs 50g. of l y o p h l l is e d  L .  acidophilus  d a l ly  fo r  ten days in an 

apparent ly  successful attempt to  counteract d ia rrhoea .  S imi la r  

r e s u l ts ,  In terms of increased weight gains and a decreased tendency 

to diarrhoea in pigs fed L.  a c id o p h i lu s , have been noted in o ther ,  

subsequent studies (Redmond and Moore, 1965; Nedyalkov and others ,

1967).  H i l l  and others  (1970) a lso  noted a reduction in both the 

s e v e r i ty  and the duration  of  diarrhoea in L .  a c id o p h i Iu s - fed pigs 

and suggested that th is  might be due to the demonstrable reduction in 

amine leve ls  w i th in  the gut lumen of pigs on the supplemented d i e t .

Meszaros and Varga (1975) iso la ted  Lactobac i11 us and 

Enteroccus s tra ins  from the faeces of  1-12 week old pigs and calves  

and "growing c a t t l e "  (sic)  . The iso la tes  which were used 

exper imental ly  were i d e n t i f i e d  morphological ly  and biochemical ly  

according to the parameters estab l ished by Gibbs and Skinner (1966) 

as Bac i l lus  b j f i d u s , L .  acidophilus and Streptococcus faecal  i s .

Resistance was induced to b a c i t r a c in ,  neomycin and o x y te t rac y c l in e
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and pooled cu l tures  o f  the bacter ia  were administered In t r a n a s a l ly  and 

o r a l l y  to pigs between one and e ight  days of  age.  The resu l ts  are  

summarised In Table 6 and i t  can be seen tha t  there  appeared to be a 

considerable reduction in diarrhoea and losses.

In some ways, the resu l ts  of  the work which has been car r ie d

out on the value of  admin istering l a c t i c  acid ba c te r ia  to young calves  

are ra ther  less convincing than those which have ar isen  out o f  the 

studies on young pigs .  Ear ly  experiments c a r r ie d  out by Goudswaard 

(1968) to inves t iga te  the value of  Lactobac i11 i and E. c o l i  in calves  

Infected with Salmonel1 a dubl in and Salm. typhimurium suggested that  

the approach had l i t t l e  to o f f e r ,  a t  le a s t  In terms o f  Salmonellosis .  

La te r  studies by Thomas and others (197*0 In which f re e z e -d r le d  

L. acidophilus was fed to  calves and by M o r r i l l  and others (1977),  who 

fed mi lk  fermented by two species of  Lactobac i11 I . were equal ly  

disappointing.  On the other hand, studies c a r r ie d  out in Yugoslavia  

In which cu l tures  o f  L a c t o b a c i l l i  were fed a t  b i r t h  (Radulovlc and

others,  1976) ind icated  that such a regime not only apparently

prevented the occurrence of  diarrhoea but a ls o ,  when fed to control  

calves a f t e r  I t s  onset,  acted th e r a p e u t ic a l ly .  S i m i l a r l y ,  good 

resu l ts  were obtained by Tournut and others (1976) in France fo l lowing  

the adm in is tra t ion  of  Lactobac i11i and EnterococcI  immediately a f t e r  

b i r t h  and th e r e a f t e r  d a i ly  fo r  the f i r s t  th ree days of  l i f e .

Meszaros and Varga (1975) a lso  studied the e f f e c t  of  feeding  

mixed cul tures  o f  s p e c ia l l y  prepared l a c t i c  acid b a c te r ia  to young 

calves (Table 7 ) ,  although the numbers of  experimental  animals were 

considerably smaller than in t h e i r  experiments involv ing young pigs.  

Once again,  these workers demonstrated that  very marked d i f fe rences  

in morbid ity  and m o r t a l i t y  could be ascribed to  feeding such ba c te r ia
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Total  No. o f  
suckl Ing  

pigs at  r i s k

Morb id i ty

No.

(diarrhoea)

°/o

Mortal  I t y  

No. %

Treatment
group 329 40 12.1 8 2 .4

Control
group 322 195 44.7 23 7.1

Table 6 . The resu l ts  o f  oral  ad m in is t ra t io n  o f  various  

“ l a c t i c  acid b a c te r ia "  to  young, suckl ing pigs 

(from Meszaros and Varga,  1975).



Total  No. of Morb ld l ty (diarrhoea) M o r t a l i t y
young calves  

at  r i s k No. % No. %

T reatment 
group ko 5 12.5 0 0

Control
group 35 19 51.** 9 25.1

Table 7 . The re s u l ts  o f  oral  adm in is t ra t ion  of  various  

" l a c t i c  acid b a c te r ia "  to young calves (from 

Meszaros and Varga,  1975).



under t h e i r  experimental  cond i t ions.  Somewhat s im i la r  s tud ies ,  but 

using only a special s t r a in  of  Streptococcus faecium ( M i l i c  and 

S l j i v o v a c k i ,  1975) revealed r e l a t i v e l y  minor d i f fe re n ce s  in terms of  

growth rates between t e s t  and control  calves but unfor tunate ly  f a i l e d  

to  subject  t h e i r  data to  s t a t i s t i c a l  s c ru t in y .  The scale of  

d i f fe rences  revealed by t h e i r  studies are summarised in Table 8.

The feeding of  l y o p h i l is e d  L .  acidophi lus  preparat ions is 

now a recognised procedure In c e r t a in  c ountr ies ,  fo r  example France,  

West Germany and Sweden. In many cases,  I t  would seem that the 

approach is used t h e r a p e u t ic a l ly  as well  as prophyl1 a c t i c a l 1y . I t  is 

not yet  a v a i l a b le  on a commercial scale in B r i t a i n  and i t  seems very 

l i k e l y  that much more work would need to be c a r r ie d  out in order to  

d e f i n i t e l y  e s ta b l is h  I t s  worth before i t s  use became commonplace in 

th is  country .  Never theless ,  i t  is an approach which appears to o f f e r  

d i s t i n c t  advantages over the more usual p reventive  regimes (Besl in ,  

1975) and I t  Is fo r  th is  reason that  the fo l low ing  studies were 

undertaken.
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CHAPTER 3

INVESTIGATIONS INTO THE USE OF STREPTOCOCCUS FAECIUM 

(STRAIN 68) AS A PREVENTION AGAINST NEONATAL CALF DIARRHOEA

Neonatal c a l f  diarrhoea continues to be a major cause of  loss 

to  c a t t l e  farmers a t  le a s t  in the developed countr ies  o f  the world.

There is a c le a r  need fo r  e f f e c t i v e  prevention regimes and, inc re as ing ly ,  

in te re s t  appears to  be focussing on the development of  methods which do 

not involve the mass medication of  l i v e s to c k  w i th  chemotherapeutics,  

many of  which In any case, do not appear to  be of  proven value a t  leas t  

In the f i e l d  of  neonatal c a l f  d iarrhoea.

A considerable amount of  work has been c a r r ie d  out ,  

p a r t i c u l a r l y  over the l a s t  decade, into the prophy lact ic  value of  

feeding l a c t i c  acid ba cter ia  to  young pigs and calves and, whi le  much 

of the work can be c r i t i c i s e d  In terms of lack of  s tandard isa t ion  or  

proper c o n t ro l ,  the re s u l ts  are such tha t  f u r t h e r  work should be 

undertaken in the hope that d e f i n i t e  gu ide l ines  can be developed fo r  

c a l f  rearers .

I t  was the re fo re  decided to set  up a ser ies  o f  c o n tro l led  

t r i a l s  to In v es t ig a te  the e f f i c a c y  of  one commercial product which,  

although I t  has gained considerable support In several  continenta l  

countries over the l a s t  few years ,  is as yet unava i lab le  in B r i t a i n .  

There fol lows a d e ta i le d  report  o f  the f i v e  separate studies which 

were c arr ie d  out.

(*  LBC Concentrate M10, Bioferment SA, CH 6903 Lugano, Switzerland)
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SECTION I:  EXPERIMENT I:  AN INVESTIGATION INTO THE EFFECT OF 150 mgrn

LBC, ADMINISTERED IN RAW MILK, TWICE DAILY FOR 21 DAYS.

In th is  f i r s t  experiment,  a dose-rate  of  LBC was chosen which 

appeared to be reasonable from e a r l i e r  published data and a great deal 

o f  e f f o r t  was made to standardise the type of  experimental  animal used, 

t h e i r  Immunological status and the (na tura l )  pathogenic chal lenge to  

which they were exposed.

MATERIALS AND METHODS

Experimental calves  

-  Source and se lec t ion:

T h i r t y - t h r e e  Ayrsh ire  bul l  ca lves ,  approximately four to  

seven days of  age, were purchased in two local  c a t t l e  markets and 

admitted to the Department of  V eter inary  Medicine of  the U n iv e rs i ty  o f  

Glasgow Veter inary  School on Monday and Tuesday, February 5 and 6,  1979.

On the afternoon o f  Tuesday, February 6,  a l l  of  the calves  

were weighed and blood-sampled. Fol lowing a d e ta i l e d  c l i n i c a l  

examination,  th i r te e n  o f  the 33 calves were re jec ted  as being 

unsui table  fo r  fu r th e r  study,  one because i t  was much la r g e r  than the 

others ,  one because I t  was a lready d ia r rh o e ic  and 11 because they had 

extremely low zinc  sulphate t u r b i d i t y '  (ZST) values (see below).

The 20 calves which were selected fo r  th is  f i r s t  experiment  

were then ear-tagged, weighed, bled again and faecal  swabs were taken.  

The mean body weight (20 calves) was 33.8  kg and the mean ZST value  

(20 calves) was 16.4 u n i ts .

The 20 selected calves were a l l  housed in one room measuring 

6m x 5m x 3m (high) and s ix  pens were e rected ,  each one measuring
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2.0m x 1.65m ; these pens were arranged three  on each side of  a central  

feeding passage (see f ig u r e  1 ) .  Wooden s la ts  of  the "duckboard" type 

were placed on the f lo o r  of  each pen and fresh straw was thrown on to 

these s la ts  d a i ly  or more f re que nt ly  i f  needed. None of the pens was 

cleaned out or d is in fec ted  during the 21 days experimental  period.

This room had not held young calves fo r  some months and was cleaned,  

steam-washed and d is in fec te d  p r io r  to the a r r i v a l  o f  the experimental  

calves.

The calves were fed raw ( i . e .  non-pasteurised) cows mi lk  

which was obtained from the bulk tank of  a nearby farm. The mi lk  was 

fed warm and from a pal l  a t  the ra te  of  approximately 5% of bodyweight,  

twice d a l l y .  No attempt was made to  force un w i l l in g  calves to dr ink  

t h e i r  a l l o t t e d  volume of m i lk  although they were encouraged to do so. 

D i f f e re n t  coloured p l a s t i c  p a i ls  were used to feed the treatment and 

control  groups. Hay was on o f f e r  by the beginning of the second week 

and c a l f  penci ls and water were a v a i l a b le  a few days l a t e r .

Experimental design 

-  a l lo c a t io n  to groups:

The type of  c a l f  used in th is  study and t h e i r  management was 

almost ident ica l  to that used in the much e a r l i e r  studies of  Dalton  

and others (1962) and Gay and others (1965).  As the re s u l t  of  th is  

l a t t e r  work I t  became estab l ished th a t  the most s i g n i f i c a n t  fa c to r  

determining the survival  o f  calves under these condi t ions was the leve l  

of  pass ively-acquired co los t ra l  immunoglobulin as measured by the ZST 

t e s t  on admission. Consequently,  great e f f o r t s  were made to ensure 

tha t  the two experimental groups of calves were of  a s im i la r  

immunological s ta tus .  To that  end calves with  the same or s im i la r  

ZST values were paired o f f  and then a l l o t t e d  e i t h e r  to the treatment
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FIGURE 1

ACCOMMODATION AND GROUPING OF CALVES

Experiment No. 1
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or control  groups by the toss of  a coin;  the decision as to which 

group o f  ten calves became the treatment group was decided in the same 

way. The mean ZST value for  the ten treatment calves was 16.4  un its  

(range 7-30) and that fo r  the ten contro ls  16.5 uni ts  (range 7 -2 8 ) .  

T h e rea f te r ,  both groups were subdivided into high,  intermediate  and 

low ZST groups, tha t  is r e l a t i v e  to the range w i th in  each group. The 

various subgroups were then penned together  as ind icated in f ig u r e  1. 

The mean bodyweight o f  the treatment group was 33.4  kg and tha t  o f  the 

controls  34.3 kg.

Al l  of  the above arrangements had been completed by the 

evening o f  Tuesday, February 6 and the t r i a l  commenced the fo l lowing  

morning. At t h is  stage a l l  of  the calves were judged to be healthy  

and the resu l ts  of  the faecal swabs l a t e r  confirmed that  none were 

excre t ing Salmonel1ae p r io r  to the onset of  the In v e s t ig a t io n .

-  Dosing:

The preventive  regime involved the treatment calves being 

dosed with  a lyophll  ised concentrate of  a s in g le  l a c t i c  acid bacterium,  

namely, Strep,  faecium (Cernel le  s t r a in  6 8 ) .  This is a v a i l a b le  as

LBC concentrate M10 (Bioferment SA, CH-6903 Lugano, S w i t ze r la n d ) ,  one
g

gram of which Is s ta ted to contain a t  lea s t  35 x 10^ v ia b le  organisms 

(see Appendix 1). Each treatment group c a l f  received 150 mg of th is  

preparation twice d a i l y ,  mixed In m i lk ;  anorexic  calves received  

t h e i r  doses twice d a i l y ,  mixed in a l i t t l e  d i s t i l l e d  water .  Dosing 

continued throughout the 21-day experimental  period.

Experimental procedures

-  C l in ic a l  examination:

Repeated (v isua l )  examinations were c a r r ie d  out d a i ly  and 

at both feeding times but recordings were made only of  the f indings of
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d e ta i le d  examinations car r ie d  out once d a i l y  at  about 09.00 hours.

At th is  t ime, note was taken of  the demeanour o f  the indiv idual  calves  

and t h e i r  degree of  a c t i v i t y  ( t h e i r  ingest ive  behaviour was recorded 

at  the appropr ia te  t im e ) .  Note was a lso  made of  recta l  temperature,  

pulse ra te ,  r e sp i ra to ry  ra te  and the quant i ty  and consistency of  faeces.  

This l a t t e r  observation was c ar r ie d  out e i t h e r  once defaecation had 

been st imulated fo l low ing  the ins er t ion  o f  a recta l  thermometer in to  

the rectum or e lse  by an examination of  an animals h indquarte rs ,  t a i l  

and perineum. A sub ject ive  assessment of  the degree of  diarrhoea was 

made by scoring the faeces as fo l lows:

( i )  normal faeces (0) -  passed In small amounts and welJ-formed;

sometimes covered wi th  a f i l m  of mucous and yel lowish brown in colour .

On many occasions i t  was d i f f i c u l t  or even impossible to s t imulate  

defaecation In calves passing th is  type of  s to o l .

( I I )  diarrhoea (+) -  passed in la rg e r  amounts but s t i l l  holding

form when f a l l i n g  on to bedding.

( i l l )  diarrhoea (++) -  when s t im ula ted ,  calves defaecated more

r e a d i ly  and much of the faecal materia l  drained In to  the straw; usual ly  

yel lowish-green but sometimes creamy-white in co lour .  With th is  degree 

of diarrhoea there was usual ly  a strong and o f fens ive  odour and faecal  

s ta in ing  o f  the c a l f  (and i t s  neighbours) was common.

( iv )  diarrhoea (+++) -  these faeces were extremely f l u i d  and were

of ten  discharged with explosive fo rc e ,  sometimes fol lowed by s t r a in in g ;  

in recumbent calves ,  faeces would o f ten  d r ib b le  from t h e i r  rectums.

None was re ta ined by the bedding and faecal  s ta in ing  of  calves was 

commonplace; moreover, calves r e a d i l y  responded to s t im u la t io n  with  a 

recta l  thermometer. in a l l  cases the faeces smelled o f f e n s iv e ly .  

Usually the s tools  were yel lowish-green and sometimes contained mucus 

although b lood-c lo ts  were not commonly present.



When f i n a l l y  considering and expressing the re su l ts  obta ined,  

I t  should be emphasised that  categor ies (0) and (+) were termed “normal 

and (++) and (+++) “d ia r r h o e ic " .

-  Post-mortem examination:

Al l  calves which died were subjected to a pathological  

in v es t ig a t io n  but th is  was l im i t e d  to  a carefu l  macroscopic examination

-  Sampling procedures:

As stated above, a l l  calves were blood-sampled soon a f t e r  

admission. The blood samples were allowed to c lo t  a t  room temperature  

and the z inc  sulphate t u r b i d i t y  (ZST) was c a r r ie d  out on the serum so 

obtained according to  the method of  McEwan and others (1970) .

Faecal swabs were removed soon a f t e r  admission and th e r e a f t e r  

once weekly or whenever calves became d ia r r h o e ic .  B ac ter io log ica l  

examinations were l im i t e d  to a search fo r  Salmonel1ae and were c ar r ied  

out by Dr. David Taylor of  the Department o f  V e te r in a ry  Pathology,  

U nivers i ty  of  Glasgow Veter ina ry  School. Salmonel1ae were not 

Iso la ted from any c a l f ,  a t  any t ime.

A l l  calves were weighed on admission and t h e r e a f t e r  once 

weekly at  10.00 hours.

Data c o l le c t io n  and s t a t i s t i c a l  an a lys is :

indiv idual  case sheets were completed d a i ly  and a f u l l  data 

sheet ( I . e .  u n t i l  death or for each of  the 21 days of  the experimental  

period fo r  survivors)  fo r  each c a l f  is presented in Appendices 3,  5, 7, 

9 and 11.

S t a t i s t i c a l  ana lys is  were c a r r ie d  out by Mr. Brian Wright,  

Chief  Technician In the Department of  V e te r ina ry  Medicine ,  U n iv ers i ty  

of Glasgow Veter in a ry  School.



RESULTS

M o rb id i ty

Diarrhoea:

A l l  ca lves  save one developed d ia rrho ea  a t  some po in t  during  

the  experimental  p e r io d ;  the exception  (10) was the heav ies t  c a l f  in 

the  t r i a l ,  w i th  an admission weight o f  *f0 kg.

The preva lence o f  d ia r rh o e a ,  as judged by the  number o f  

calves detected  as being d i a r r h o e i c  a t  each d a i l y  c l i n i c a l  examinat ion,  

is summarised in f i g u r e  2 .  I t  can be seen t h a t  in both groups o f  

ca lv es ,  the problem was a t  i t s  he ight a t  around f i v e  or s i x  days p o s t ­

admission and a t  t h i s  stage the re  were no obvious d i f f e r e n c e s  between 

groups. O v e r a l l ,  the number o f  c a I f / d i a r r h o e a  days in each group was 

almost id e n t ic a l  ( t reatm ents  3k ,  c o n tro ls  35) but in view o f  the  

d i f f e r e n t  m o r t a l i t y  pa t te rns  (see below) when c a l f / d i a r r h o e a  days were 

considered as a percentage o f  the t o t a l  number o f  l i v e  calves  a t  any 

one t ime the s i t u a t i o n  appeared somewhat d i f f e r e n t .  Thus,  the  

treatment group su f fe re d  d ia rrhoea  on 3k  o f  a poss ib le  178 days ( 19%) 

whereas the contro l  calves  were d ia r r h o e ic  on 35 o f  1^3 days (25%).  

Furthermore,  i t  can be seen th a t  in two o f  the t rea tment  calves (2 ,  9) 

there  was a second bout o f  d ia rrhoea  between days 17 and 21 whereas no 

control  c a l f  was detected as being d i a r r h o e i c  a f t e r  day 11.

In g e n e r a l ,  the c o n d i t io n  o f  s u rv iv in g  calves  in both groups 

improved markedly during the second week o f  the t r i a l  ; they spent more 

t ime standing and grooming themselves and they were u s u a l ly  on t h e i r  

f e e t  and bawling p r i o r  to  feeding t im e .  In a d d i t i o n ,  so few were 

d ia r r h o e ic  a t  t h i s  stage t h a t  th e re  was less  chance o f  calves  

defaecat ing  over themselves and each o t h e r .  However, w i th  the  onset  

of t h i s  second bout o f  d ia r rh o e a ,  both d i a r r h o e i c  and n o n -d ia r rh o e ic



FIGURE 2 : THE PREVALENCE AND PATTERN

OF DIARRHOEA AND MORTALITY IN THE TWO GROUPS 

OF TEN CALVES STUDIED IN EXPERIMENT 1
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treatment calves became d u l l ,  less In te res ted  in t h e i r  food and in one 

case (2) recumbent.

During the e a r l i e r  bout of  d ia rrhoea ,  the duration in both 

groups averaged around four days. In most cases the colour and 

consistency were as described above fo r  (++) and (+++) diarrhoea but 

one or two fa ta l  cases had mild dysentery j u s t  p r io r  to death.

The re la t io n s h ip  between diarrhoea and ZST values on admission 

was not c learcut  since a l l  calves save one (10,  ZST value 7) became 

d ia r rh o e ic .  However the two highest ZST treatment calves to die wi th  

values of 11 and 16 units  were a lso  found to  have severe a n t e r io r  lobe 

pneumonia; s im i l a r l y ,  the highest ZST control  c a l f  to die  (ZST value 

21) was a lso  very severely pneumonic. These were the only three  

calves to develop severe pneumonia and thus the ZST values of  calves  

apparent ly  dying from the e f f e c t s  of  d iarrhoea alone were,  one 

treatment c a l f  (11 units )  and four contro ls  (8, 12, 18 and 20 u n i t s ) .

-  Respiratory  signs:

Many calves in both groups developed a cough and nasal 

discharge during the second week of the t r i a l  although in only one 

animal (8) were gross re s p i ra to ry  signs e xh ib i te d .

-  C o n ju n c t iv i t is :

A b i l a t e r a l ,  s e l f - l i m i t i n g  c o n j u n c t i v i t i s  arose in most 

calves sometime during the f i r s t  week of  the t r i a l .  Some calves  

became qu i te  severely a f fec ted  although none progressed to corneal  

lesions and a l l  recovered w i th in  a few days, I r re s p e c t iv e  of  degree of  

sever I t y .

6 3



-  Umbilical  In fec t io n s :

Three calves (l , 3 f 18) developed umbi l ica l  abscesses during 

the f i r s t  week of  the t r i a l .  These lesions qu ick ly  resolved fo l lowing  

parenteral  a d m in is t ra t ion  of  procaine p e n i c i l l i n  and streptomycin.

M o r ta l i  tv

in a l l ,  e ight  calves (40%) died and the m o r t a l i t y  pa t tern  is 

presented g ra p h ic a l ly  In f ig u r e  2. Three treatment calves (30%) d ied,  

a l l  of  them on the e ighth day of  the t r i a l .  Five control  calves (50%) 

died,  two on day s ix  and three on day seven. Comment has a lready been 

made regarding the r e la t io n s h ip  of  the deaths to diarrhoea and also  

the ZST values on admission.

Growth rates

The indiv idual  and mean weekly weights for  a l l  o f  the calves  

in th is  t r i a l  are presented in Appendix 2.  The mean weekly weight  

changes as a percentage of  admission weights of  both groups are  

presented in f ig u re  3.  I t  can be seen that  w hi le  major d i f fe rences  

were not present,  there  was a t ra n s ie n t  drop in the 14-day mean weights  

of the control  calves against a steady increase in the treatment group.  

However, the mean weights at  th is  stage (t reatment ca lves ,  4 1 .4  -  3 .5  kg; 

control  ca lves ,  41 .4  -  1 .4  kg) were i d e n t i c a l .

The s i t u a t io n  Is somewhat d i f f e r e n t ,  however, on a 

considerat ion of  mean weight gains over given periods.  Thus, the

mean 14-day weight gains ( I . e .  day 14 weight minus admission weight)

+ + 
are 7 .4  -  2 .0  kg. ( treatment calves) and 4 .8  -  1.5  kg. (c o n t r o ls ) .

This d i f fe re n ce  is s t a t i s t i c a l l y  s ig n i f i c a n t  (p = 0.03)  although the

corresponding values fo r  days 7 and 21 are not s i g n i f i c a n t l y  d i f f e r e n t .

The weekly weight changes of indiv idua l  calves are summarised in

f i g u r e  4 .
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FIGURE 3 : THE MEAN WEEKLY BODYWEIGHT

CHANGES (EXPRESSED AS A PERCENTAGE OF MEAN 

ADMISSION WEIGHTS) OF THE TWO GROUPS OF TEN

CALVES STUDIED IN EXPERIMENT 1
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FIGURE k  : WEEKLY WEIGHT CHANGES OF THE

20 INDIVIDUAL CALVES STUDIED IN EXPERIMENT 1
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DISCUSSION

In th is  experiment,  a major e f f o r t  was made to  standardise  

the source, type and s ize  of  the calves ,  t h e i r  immunological status  

(as measured by the ZST t e s t ) , the condi t ions  o f  management and feeding  

that  they encountered once on te s t  and the nature and level  of  a 

natural  pathogenic chal lenge.  No attempt was made to assess the leve l  

and nature of  that chal lenge since i t  was f e l t  tha t  t h is  in i t s e l f  

would have been a major exerc ise  outwith the f a c i l i t i e s  a v a i l a b l e .  

Nevertheless,  the syndrome encountered was apparently  iden t ica l  to that  

which has a f fec ted  calves o f  th is  type In rear ing experiments which 

have been carr ied  out in these same bui ld ings  over the l a s t  two decades 

(Dalton and others ,  1962; Gay and o thers ,  1965; Selman -  unpublished 

observations) and I t  was confirmed that Salmonel1 a in fe c t ions  played 

no part  in the problems which were encountered.  I t  would seem that  

the experimental design was successful in tha t  I t  encouraged a high 

and apparently  "widespread" pathogenic chal lenge wi th  an o vera l l  

morbidi ty  ra te  ( I . e .  d iarrhoea rate)  of  95% and an ov era l l  m o r t a l i t y  

ra te  of k0%. As in previous s tud ies ,  c a r r ie d  out under broadly 

s im i la r  condit ions (Gay and others ,  1965;  McEwan and others ,  197 1) ,  

deaths from uncomplicated diarrhoea occurred in calves wi th  r e l a t i v e l y  

lower ZST values.

The parameters which were used in an attempt to  d i f f e r e n t i a t e  

between the treatment and control  groups of calves were,  f i r s t ,  the 

level  of  disease (as judged by morb id i ty  and m o r t a l i t y  rates) and, 

second, growth ra tes .

Since diarrhoea a f fe c ted  a l l  save one c a l f ,  the a dm in is tra t ion  

o f  LBC had no very obvious o vera l l  e f f e c t  on the level  of  d iarrhoea.  

However, the percentage of  c a l f /d ia r r h o e a  days was higher in the
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control  calves (25% prevalence) than In the treatment calves (21% 

prevalence) ; moreover, In view o f  the fa c t  tha t  the 21% f ig u re  

Included a second episode of diarrhoea which a f fe c te d  only the treatment  

animals, the d i f fe rence  between groups during the f i r s t  two weeks o f  the 

invest iga t ion  were even more profound ( i . e .  17% as opposed to 25%).

The m o r t a l i t y  rates in the two groups were a lso  d i f f e r e n t ;  that  fo r  

the control  calves was 50% whi le  the corresponding f ig u re  for  the calves

which received LBC was 30%.

An examination of  the mean weekly weights of  the two groups 

of calves revealed that a r e l a t i v e  re ta rd a t io n  in weight gains occurred 

in the control  calves towards the end of  the second week. However, 

th is  was found to be not s t a t i s t i c a l l y  s i g n i f i c a n t .  On the other  hand, 

a study of the mean weekly weight gains indicated that  there were 

di f fe rences  between groups, p a r t i c u l a r l y  on days 14 and 21.  The 

d i f fe re n ce  between the control  and treatment calves ( i . e .  4 .8  -  1.5 kg

and 7 . 4 *  2 .0  kg respect ive ly )  was found to  be s ig n i f i c a n t  (p = 0.03)

and I t  must be assumed that th is  d i f fe re n c e  was due to d i f fe re n c e  in 

the prevalence of  diarrhoea between the two groups.

The f ind ing  that only one s t a t i s t i c a l l y  s ig n i f i c a n t  

d i f fe re n c e  was demonstrable between the two groups of calves must be 

viewed In the l i g h t  of the ov era l l  r e s u l t s .  Thus, there was more 

diarrhoea In the control  calves and, at  le a s t  a t  one stage,  a decreased 

growth ra te .  In ad d i t io n ,  there  was a higher m o r t a l i t y  ra te  ( i . e .  

from diarrhoea or diarrhoea and pneumonia) in the untreated animals.

These resul ts  ind ica te  that LBC, dosed a t  the ra te  of  150 mgm 

twice d a i l y  fo r  21 days has a markedly b e n e f ic ia l  e f f e c t  in terms of  

h e a l th ,  performance and s u r v iv a l ,  a t  le a s t  through the neonatal period.
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The extremely high morbid ity  and m o r t a l i t y  In both groups of  calves is 

an Ind ica t ion  of the harsh nature of  th is  experimental  model and I t  Is 

qui te  conceivable that the b e n e f ic ia l  e f f e c t s  of  LBC adm in is t ra t ion  

might be even more dramatic under b e t te r  condit ions of  husbandry and 

housing and with a b e t te r  "type" of  c a l f .  However, the second wave 

of dul lness and/or diarrhoea which,  although r e l a t i v e l y  m i ld ,  was 

l im i ted  to the treatment calves should sound a note o f  warning in that  

I t  is ju s t  possible tha t  the dosage ra te  and regime used, over a th re e -  

week period,  might have been associated with  undesirable  s id e - e f f e c t s .
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SECTION 2: EXPERIMENT 2: AN INVESTIGATION INTO THE EFFECT OF 75 mqm

LBC ADMINISTERED IN RAW MILK TWICE DAILY FOR ] k  DAYS.

In view of  the appearance of  diarrhoea and/or dul lness In 

some of the surviving  treatment calves towards the end o f  the  

experimental  period in the previous t r i a l ,  a new In v e s t ig a t io n  was 

Ins t igated  using LBC at a dose ra te  of  75 mgm twice d a i ly  fo r  \ k  days.

MATERIALS AND METHODS 

Experimental calves

The methods of  a c q u is i t io n  and s e le c t io n  of  the calves used 

In th is  experiment was as ou t l ined  In Section 1. Twenty - f ive  calves  

were purchased from local  markets and admitted to  the Department on 

Monday and Tuesday, March 19 and 20, 1979. Al l  were Ayrsh ire  bul l  

calves aged between four and seven days on a r r i v a l .  Five were re jec te d  

as unsu i tab le ,  one because i t  was i l l  and four which were agamma or  

markedly hypogammaglobul inaemic. The mean bodyweight of  the 20 

selected calves was 37*7 kg and the mean ZST value was 17.1 u n i t s .  

Sampling procedures were as a lready described and the calves were
■i

grouped and a l l o t t e d  to pens In the same room as was used in experiment  

1. This room had been c leared ou t ,  but not d is in f e c te d ,  a f t e r  the  

surviv ing experiment I calves were moved ou t ,  28 days a f t e r  admission.  

The lay -ou t  o f  the housing and the d i s t r i b u t i o n  o f  calves Is summarised 

in f ig u re  5. Al l  other management and feeding systems were as In 

experiment 1 except tha t  the LBC dose-rate  was 75 mgm twice d a i l y  and 

the t r i a l  (which commenced on Wednesday, March 21) lasted  only \ k  days.  

The mean bodyweight of  the ten treatment calves was 37.7  kg (range 

33-^5) and of  the ten contro ls  37.7  kg (range 3 3 - ^ ) .  The mean ZST 

value was 17.1 un its  (range 5-32) in the treatment calves and 17.1 un i ts
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FIGURE 5

ACCOMMODATION AND GROUPING OF CALVES

Exper iment

High
(3) Calves

Treatment Control
(3) Calves

Low

Mean body-weight 
on admission 37 Kg.

Mean body-weight  
on admission 36.3 Kg.

(Range ■ 35-^0 Kg) ' (Range ■ 33-40 Kg)

Mean ZST Value 
on admission 29 un i ts

Mean ZST Value 
on admission 8 uni ts

(Range = 26-32 units ) (Range = 7-9 units )

1ntermed ia te Treatment
o  
m  
2  _l

Control  Intermediate

(4) Calves
170

>f— (4) Calves

Mean body-weight 
on admission 38.5  Kg. ~n

mm

Mean body-weight  
on admission 37.2 Kg.

(Range = 36-44 Kg)
1 1 »O
2

(Range = 34-42 Kg)

Mean ZST Value 
on admission 16 un i ts

CD

T)>
Mean ZST Value 

on admission 13 uni ts

(Range = 11-22 units) CO
>
CD
m  ,

(Range = 9-1 8 uni ts )

Low
(3) Calves

T reatment Control
(3) Calves

High

Mean body-weight 
on admission 37.3 Kg.

Mean body-weight 
on admission 39.6  Kg.

(Range *  33-^5 Kg) (Range « 35-44 Kg)

Mean ZST Value 
on admission 6 .6  un its

Mean ZST Value 
on admission 31 .6 uni ts

(Range *  5-8 units ) (Range » 22-38 units )

DOOR



(range 7-38) In the co n tro ls .  Salmonellae were not found in any faecal  

sample removed from any c a l f  during the 14-day experimental  period.

RESULTS 

Morbid!tv  

-  Diarrhoea:

Sooner or l a t e r  a l l  calves in both groups became severely  

diarrho e ic  and the peak prevalence (see f ig u r e  6) was on the fourth  

day of the t r i a l  in the control  calves and on the s ix th  day in the  

treatment group. No obvious d i f fe re n c e  e x is ted  between the two groups 

at  th is  stage,  but the to ta l  number of  c a l f  d iarrhoea  days when 

expressed as a percentage o f  l i v e  c a l f /d a y s  ( i . e .  tak ing into  account 

the d i f f e r e n t  m o r t a l i t y  pa ttern  between the two groups) reveals that  

the f ig u re  for  treatment calves was 3^ out of  a possible 98 days (35%) 

and fo r  the contro ls  kk  out o f  a possible 99 days (kk%) . Despite the

fa c t  that th is  t r i a l  only lasted 1^ days, i t  can be seen from f ig u r e  6

th at  diarrhoea pers is ted over a longer period in some of the surviv ing  

treatment calves than in the c o n tro ls .

During the f i r s t  week of  the t r i a l  almost a l l  o f  the calves  

were extremely dul l  and many were d is in t e re s te d  in feeding and f a i l e d  

to clean themselves. However, as the second week progressed the 

survivors in both groups g radua l ly  brightened w i th  the exception o f  

one c a l f  (28) which remained d ia r rh o e ic  throughout most o f  the second 

week.

Once again ,  a c lea rcu t  r e la t io n s h ip  between the occurrence

and ZST values was impossible to  de fine  since a l l  calves became

d ia rrh o e ic .  However, in the calves which were considered to have 

died predominantly from the e f f e c t s  of  d ia rrhoea ,  the mean ZST value
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FIGURE 6 : THE PREVALENCE AND PATTERN

OF DIARRHOEA AND MORTALITY IN THE TWO GROUPS 

OF TEN CALVES STUDIED IN EXPERIMENT 2
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was 16 un i ts  (range 5-35) w h i le  the mean value fo r  calves which died  

as the re s u l t  o f  diarrhoea and re s p i ra to ry  disease were 25 uni ts  (range 

7-38) .

-  Respiratory signs:

Several calves in both groups (21,  24,  31, 40) developed 

re sp i ra to ry  signs,  severe depression and fe v er  during the f i r s t  week 

of  the t r i a l .  A l l  died and a l l  were found to have severe a n te r io r  

lobe pneumonia of  the exudative type.  Several other calves were 

coughing occas ional ly  a t  the te rminat ion  o f  the study.

-  C o n ju n c t iv i t is :

Only one c a l f  (25) developed t r a n s ie n t ,  b i l a t e r a l  c o n j u n c t i v i t i s .

Mortal  I t v

A to ta l  o f  11 calves (55%) died during the 14 day experimental  

period;  f i v e  of  these (50%) were In the treatment group and s ix  (60%) 

were control  animals.  The p a t te rn  o f  m o r t a l i t y  Is summarised in 

f ig u r e  6. Comment has a lready been made regarding the re la t io n s h ip  

between d iarrhoea,  re s p i ra to ry  disease,  m o r t a l i t y  and the ZST values 

on admission.

An in te r e s t in g  post-mortem f in d in g  was tha t  in four of  the 

f i v e  treatment calves and in f i v e  o f  the s ix  c o n t ro ls ,  there  was e i t h e r  

severe abomasal congestion (two cases) or e lse  d e f i n i t e  erosions (seven 

cases) .  The cause of  th is  was not determined, al though i t  should be 

emphasised that th is  was l i k e l y  to have been a terminal  event in that  

only one fa t a l  case was seen to  have si ightl.y blood-t inged faeces ju s t  

p r io r  to death.
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FIGURE 7 : THE MEAN WEEKLY BODYWEIGHT

CHANGES (EXPRESSED AS A PERCENTAGE OF MEAN 

ADMISSION WEIGHTS) OF THE TWO GROUPS OF TEN 

CALVES STUDIED IN EXPERIMENT 2
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FIGURE 8 : WEEKLY WEIGHT CHANGES OF THE

20 INDIVIDUAL CALVES STUDIED IN EXPERIMENT 2
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Growth rates

The individual  and mean growth rates  fo r  the calves in th is  

experiment are presented in Appendix ^ . The mean weekly weight 

changes as a percentage of admission weights o f  both groups are  

presented in f ig u re  7. I t  can be seen tha t  d i s t i n c t  d i f fe re n ce s  were 

present between the two groups of  calves on both the seventh and the 

fourteenth day of  the t r i a l  despite  the fa c t  th a t  the mean bodyweights 

a t  the commencement of  the t r i a l  were i d e n t i c a l .  The mean values

were as fol lows: on day seven, treatment calves 38.8  -  3 .2  kg,

+ + 
contro ls  36.2 -  k . 2  kg; on day fo ur teen ,  treatment calves 39.6  -  *f.8kg

controls  37.0 -  2 .6  kg. However, the d i f fe ren ces  were not found to

be s t a t i s t i c a l l y  s i g n i f i c a n t .

The weight changes on days seven and four teen o f  the individual  

calves are summarised in f ig u re  8 from which i t  can be seen that  

approximately equal numbers o f  calves In both groups had a c t u a l l y  los t  

weight on each occasion.  The mean weight gains by day 1 were 

1.2 -  2.5 kg (treatment calves) and 0 .75 -  2.*+ kg (controls)  but,  

again ,  th is  d i f fe re n c e  was not s t a t i s t i c a l l y  s i g n i f i c a n t .

DISCUSSION

This in v e s t ig a t io n  d i f f e r e d  in three ways from the previous  

experiment. F i r s t ,  no attempt was made to d i s in f e c t  and rest  the c a l f  

accommodation a f t e r  the departure of  the survivors from experiment 1 

(the pens were merely cleaned out) ; second,* the dose-rate  o f  LBC was 

halved ( i . e .  75 mgm twice d a l ly  f o r  the duration of  the experiment)  

and the t r i a l  lasted only \ k  days. The l i k e l y  increase in pathogenic 

challenge which was a n t ic ip a te d  as a re su l t  o f  introducing the calves  

in to  more contaminated condit ions appears to have resu l ted  in the  

higher morbidi ty  and m o r t a l i t y  ra te s .
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"Acute u n d i f f e r e n t i a te d  d iarrhoea"  (Blood and o thers ,  1979) 

occurred a t  the 100% level  but was more preva lent  during the experimental  

period in the untreated calves ( i . e .  44% c a l f /d ia r r h o e a  days compared 

with  35% in the t rea ted  an ima ls ) .  Again,  when deaths due to diarrhoea  

alone were considered,  i t  appeared that there  was a r e la t io n s h ip  between 

th is  and ZST values on admission,  although th is  was less d i s t i n c t  than 

in experiment 1. The o vera l l  m o r t a l i t y  ra te  was 55% (50% in the 

trea ted  calves ,  60% in the c o n t r o ls ) .  As in experiment 1, deaths were 

due to e i t h e r  diarrhoea per se or e lse  diarrhoea and pneumonia and 

these occurred between days four and ten.

A comparison between the mean weekly weights of  the two groups 

of calves revealed higher weekly mean weights in the t rea ted  animals 

but these d i f fe rences  were not s i g n i f i c a n t .  The t re a ted  calves a lso  

had higher weight gains (e .g .  a t  14 days, treatment ca lves ,  1.2  -  2 .5  kg, 

contro ls  0 .75  -  2 .4  kg) but,  again,  these d i f fe re n ce s  were s t a t i s t i c a l l y  

i n s ig n i f i c a n t .  I t  is possible tha t  these e f f e c t s ,  a t  le a s t  In p a r t ,

were due to the high m o r t a l i t y  rates and the consequent ra p id ly

diminishing group numbers although note should a lso  be made of the fa c t  

t h a t ,  in contrast to the resu l ts  o f  experiment 1, a number of  calves in 

both groups a c tu a l ly  lo s t  weight during the t r i a l .

In short ,  these re su l ts  revealed a somewhat s im i la r  s i t u a t io n  

to th a t  found in experiment 1. Despite what was very probably a higher

pathogenic chal lenge,  LBC (even a t  a halved dose-rate)  appeared to

reduce the s ev er i ty  and/or durat ion of  diarrhoea and a lso  m o r t a l i t y  

ra tes .  The performance (as measured by weight changes) was also g reater  

In the trea ted  ca lves ,  presumably as the re s u l t  of  a decreased tendency 

to ,  or s ev e r i ty  o f ,  d ia rrhoea .  Individual  assessment and analyses of  

morb id i ty ,  m o r ta l i t y  and growth-rates did not produce s ig n i f i c a n t

72



dif fe re nce s  but when viewed toge the r ,  these i n t e r - r e l a t e d  events must 

surely  have been of some s ig n i f ic a n ce  and again ,  the e f f e c t s  o f  LBC 

are l i k e l y  to have been more obvious in a less harsh management system.
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SECTION 3: EXPERIMENT 3: AN INVESTIGATION INTO THE EFFECT OF 150mgm

LBC ADMINISTERED IN RAW MILK TWICE DAILY FOR SEVEN DAYS FOLLOWED BY 

75mqm LBC ADMINISTERED IN RAW MILK TWICE DAILY FOR A FURTHER SEVEN DAYS

In the l i g h t  o f  the two previous experiments,  i t  was decided 

to  Inves t iga te  the value of  dosing LBC a t  the ra te  of  150 mgm twice  

d a i l y  fo r  seven days, fol lowed by 75 mgm twice d a i ly  fo r  a f u r t h e r  

seven days.

MATERIALS AND METHODS

Once again ,  the methods of a c q u is i t io n ,  s e le c t io n  and 

standard isation  of  the two groups of calves and t h e i r  management and 

feeding were as Indicated In previous experiments.

On th is  occasion,  23 calves were purchased and three  were 

re jec ted  on the grounds of I l l - h e a l t h  p r io r  to  the onset of  the t r i a l  

on Thursday, Apr i l  18, 1979. The 20 calves which were selected fo r  

f u r t h e r  study had a mean bodyweight of  36.7  kg and a mean ZST value  

o f  9 u n i ts .  I t  should be emphasised that  th is  very low ZST value was 

the re su l t  o f  an extremely low set of  values in the 23 selected calves  

and hence represented lack o f  choice ra ther  than an attempt to  study 

the e f f e c t  o f  LBC in calves with  p a r t i c u l a r l y  low ZST values.  Repeated

examination o f  faecal  swabs f a i l e d  to confirm the presence of  

Salmonel1ae .

The calves were accommodated In the same room as previously  

and the housing and penning arrangements were as set out In f ig u r e  9.  

The accommodation had been c leared of the experiment 2 calves  

approximately one week p r io r  to the s t a r t  o f  th is  experiment;  the pens

had been cleaned out but not d is in fe c te d  p r io r  to  the in t roduct ion  of

the experiment 3 animals.
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FIGURE 9

ACCOMMODATION AND GROUPING OF CALVES

Experiment 3

High Treatment Control  Low
(3) Calves (3) Calves

Mean body-weight Mean body-weight
on admission 37 Kg. on admission 38.6 Kg,

(Range ** 35-41 Kg) (Range -  37-41 Kg)

Mean ZST Value * Mean ZST Value
on admission 16 un its on admission 2 .6  un its

(Range = 11-22 units) (Range « 2-3 units)

1ntermed ia te Treatment

om
z
=d Control  Intermediate

(4) Calves >r~ (4) Calves

Mean body-weight ~n Mean body-weight
on admission 34.5 Kg.

m
mCJ on admission 39.7  Kg.

(Range -  33-37 Kg) zCD (Range = 31-46 Kg)

Mean ZST Value -o Mean ZST Value
on admi ss ion 8 .7  un i ts c/>t/> on admission 8 .2  un its

(Range “ 7-10 uni ts) £m (Range ■» 4-11 units )

Low T reatment Control High
(3) Calves (3) Calves

Mean body-weight Mean body-weight
on admissIon 37.6  Kg. on admission ' 32.3 Kg,

(Range = 32-41 Kg) (Range = 26-41 Kg)

Mean ZST Value Mean ZST Value
on admission 2 .3  un i ts on admission 16.3 un its

(Range = 2-3 units ) (Range « 11-24 uni ts )
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The treatment calves were dosed w i th  LBC in t h e i r  m i lk  at

the ra te  of  150 mgm twice d a i ly  fo r  the f i r s t  week and 75 mgm twice

| d a i ly  fo r  the second week o f  the experiment.  The to ta l  experimental

| period was \ k  days.

RESULTS 

M orbid i ty  

-  Diarrhoea:

Al l  calves in both groups developed severe diarrhoea a t  some 

time during the f i r s t  week o f , t h e  experiment and the peak prevalence  

was on day four ( t reatment calves) and day f i v e  (c o n t r o ls ) .  There 

was very l i t t l e  d i f fe re n c e  in the extent  of  diarrhoea between the two 

I groups but when c a l f /d ia r r h o e a  days were ca lc u la ted  as a percentage of

the to ta l  number o f  l i v e  calves a t  any one t ime, the resu l ts  were 35% 

( treatment calves) and 39% (controls)  (see f ig u r e  10 ) .  As in previous 

experiments,  there was widespread dul lness among the calves o f  both 

groups during the f i r s t  week but a general improvement occurred in 

most o f  the survivors towards the end of  the second week.

No re la t  ionsh ip was found between the degree or durat ion of  

diarrhoea and ZST values on admission. Moreover,  an attempt (based 

on post-mortem f ind ings)  to d i f f e r e n t i a t e  between the f i v e  calves which 

appeared to have died as the re s u l t  of  uncomplicated diarrhoea (mean 

ZST, 9 uni ts )  and the e ig ht  which died e i t h e r  from diarrhoea and 

pneumonia or pneumonia per se (mean ZST, 8 un i ts )  y ie lded no useful  

information except insofar  as i t  emphasised the very low ZST values in 

each of  the groups (maximum treatment 22, maximum c o n t r o l ,  2k) .
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FIGURE 10 : THE PREVALENCE AND PATTERN

OF DIARRHOEA AND MORTALITY IN THE TWO GROUPS 

OF TEN CALVES STUDIED IN EXPERIMENT 3
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-  Respiratory  signs:

Three calves In the treatment group (44, 47 ,  49) and f i v e  

calves in the control  group (51, 53, 58,  59,  60) developed severe 

re s p i ra to ry  signs,  a l l  w i th in  1-5 days a f t e r  the onset of  the t r i a l .

-  Umbil ical  in fe c t ions :

Six calves In the treatment group (41, 43,  44,  46,  47,  50) 

and four contro ls  (51,  53,  58, 60) developed umbi l ica l  abscesses.  

Although an attempt was made to  t r e a t  t h is  d isorder  as previously  with  

parenteral  procaine p e n i c i l l i n  and streptomycin,  a l l  a f fe c ted  calves  

died from e i t h e r  diarrhoea or e lse diarrhoea and pneumonia before any 

response could be detected.

-  M en in g i t is :

Two cases of  meningit is  occurred.  Both o f  these calves had 

very low ZST values (3,  8 units)  and i t  is possible tha t  the meningit is  

arose fo l low ing  c o l is e p t ic a e m ia ; however, th is  was not confirmed on 

post-mortem examination.

M o r t a l i t y

A to t a l  of 13 calves (65%) died in th is  experiment,  a l l  

between days two and e ight (see f ig u r e  10) . Seven deaths (70%) 

were in the treatment group and s ix  (60%) among the c o n t ro ls .  The 

s i t u a t io n  regarding possible re la t io n sh ip s  between d ia rrhoea ,  death 

and ZST values has already  been discussed. • Two calves had s l i g h t l y  

blood-t inged faeces ju s t  p r io r  to  death.

Growth rates

The individual  and mean growth rates fo r  the calves in th is  

t r i a l  are presented in Appendix 6 .  The mean weekly weight changes
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FIGURE 11 : THE MEAN WEEKLY BODYWEIGHT

CHANGES (EXPRESSED AS A PERCENTAGE OF MEAN 

ADMISSION WEIGHTS) OF THE TWO GROUPS OF TEN 

CALVES STUDIED IN EXPERIMENT 3
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FIGURE 12 : WEEKLY WEIGHT CHANGES OF THE

2 0  IN D IV ID U A L  CALVES STUDIED IN EXPERIMENT 3



of  both groups of calves are presented In f ig u r e  11 and i t  can be seen 

tha t  the mean values are markedly (but not s i g n i f i c a n t l y )  greater  on 

days seven and fourteen than those of  the treatment ca lves .  However, 

these resu l ts  should be viewed against a background of  e r r a t i c  weight  

changes (see f ig u r e  12) w i th  one c a l f  in each group growing r e l a t i v e l y  

well  at  a time when most other calves were losing weight.  The mean 

weight gains at  l*+ days post-admission were s im i l a r ,  0 .7  -  3.1 kg 

( treatment calves) and 0 .8  -  k , k  kg ( c o n t r o ls ) .

DISCUSSION

The t h i r d  experiment In th is  ser ies  was s im i la r  to the second 

in that the calves were Introduced Into  cleaned-out but not d is in fec te d  

accommodation Immediately a f t e r  the departure of  the previous group; 

s i m i l a r l y ,  the t r i a l  lasted  only \ k  days. The only s ig n i f i c a n t  

d i f fe re n ce  In the experimental  procedure was a change of dosage ra te .

In th is  t h i r d  t r i a l  the calves received 150 mgm LBC twice d a i ly  fo r  

the f i r s t  week and 75 mgm LBC twice d a i ly  fo r  the second.

That the pathogenic chal lenge of  the environment in to  which 

the experimental  calves were introduced was gradua l ly  increasing seems 

l i k e l y  in view of the s te a d i ly  increasing ov era l l  diarrhoea  rates from 

22% to *+0% to *+1% and the increasing m o r t a l i t y  ra te s ,  from *t0% to 55% 

to 65% in experiments 1, 2 and 3 re s p e c t iv e ly .  However, note should 

also be made of the f a c t  that In the present experiment,  the overa l l  

mean ZST value of  9 un i ts  was considerably lower than the corresponding 

f ig u re  (approximately 17 uni ts )  In experiments 1 and 2. This 

s i t u a t io n  was unavoidable as a re s u l t  of  fewer calves being marketed 

at the t ime (Apr i l )  when th is  experiment was commenced and a general  

tendency to  low ZST In the calves which were i n i t i a l l y  acquired for  

fu r th e r  s e le c t io n .
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Diarrhoea a f fe c ted  a l l  calves in th is  t r i a l  and the c a l f /  

diarrhoea rates in the two groups of  calves were approximately equal 

( I . e .  39%, contro ls ;  k0% t reatment c a lv e s ) .  The m o r t a l i t y  ra te  in 

the two groups were 70% (treatment group) and 60% (c o n t ro ls ) .  The 

m ajo r i ty  of  calves which died in the treatment group, did so from the 

e f fe c ts  o f  diarrhoea although there  was an o vera l l  g reater  number of  

deaths from the combined e f f e c t s  of  diarrhoea and pneumonia than in 

the previous t r i a l s .  No c le a rcu t  r e la t io n s h ip  could be found between 

ZST values and morbid ity  and m o r t a l i t y  but,  again ,  a t t e n t io n  should be 

paid to the overa l l  tendency fo r  low ZST values in the calves in th is  

t r i a l  and the fa c t  tha t  only two calves had values In excess of  20 

u n i ts .

The mean weekly bodyweight o f  the control  calves was greater  

(but not s i g n i f i c a n t l y  so) than tha t  of  the calves which were t r e a te d .  

The major problem in analysing the bodyweight data was the ra ther  

e r r a t i c  performances of  c e r t a in  indiv idual  calves in each group; on 

days seven and fourteen there  were s ix  and four calves resp ec t ive ly  

which had lo s t  weight since admission.  By the end of the t r i a l  the 

weight changes in the control calves ranged from (-) 5 to (+) 7 kg and 

in the treatment calves ( - ) 2  to (+) 5 kg. This s i t u a t io n  a lso adversely  

af fe c ted  any chance of  gaining useful  re su l ts  from a s t a t i s t i c a l  

analys is  o f  weight changes over the 14-day experimental  period and the

values were almost iden t ica l  ( i . e .  control  ca lves ,  0 .8  -  k . k  kg;
+ . 

treatment calves ,  0 .7  -  3.1 k g ) .

A.
In short ,  the resu l ts  of  th is  experiment y ie lded  no support 

fo r  the view that LBC was useful  in preventing or minimising neonatal  

c a l f  d iarrhoea.  No s i g n i f i c a n t  d i f fe re n c e  could be demonstrated 

between groups in terms of the prevalence of  diarrhoea nor growth
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performances and the m o r t a l i t y  ra te  in t re a te d  calves was higher than 

tha t  in the c o n tro ls .  However, the e f f e c t  of  increasing pathogenic 

challenge as f i r s t  demonstrated by Aschaffenburg and others (1 9 4 9 ) ,  

p a r t i c u l a r l y  In the face of  increased s u s c e p t i b i l i t y  must be looked 

upon as playing a major ro le  in diminishing the e f f i c a c y  of  LBC which,  

a f t e r  a l l ,  had been confirmed as being of  s i g n i f i c a n t  value in the 

previous two s tudies.
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S ECTI ON 4: EXPERIM ENT 4: AN INVESTIGATION INTO THE EFFECT OF FEED ING

150 mqm LBC ADMINISTERED IN RECONSTITUTED MILK SUBSTITUTE TWICE DAILY FOR 

SEVEN DAYS FOLLOWED BY 75 mgm IN RECONSTITUTED MILK SUBSTITUTE TWICE 

DAILY FOR A FURTHER SEVEN DAYS.

In the fo l lowing experiment I t  was decided to in ves t iga te  

the e f f e c t  of  LBC dosed at  the same rate  as in experiment 3 to calves  

fed reconst i tu ted  milk  s u b s t i tu te  but otherwise selected and managed 

as in the previous experiments.

MATERIALS AND METHODS

The sources, types,  method of s e le c t io n  and standard isation  

of  the two groups of calves were as described prev ious ly .

On th is  occasion,  22 calves were acquired and admitted to the  

Department of  Monday and Tuesday, May 7 and 8,  1979. Two of  these 

were re jec ted  since they were a lready i l l  on a r r i v a l .  A f t e r  s e le c t io n ,  

the mean body weight of  the 20 experimental  calves was 34.7  kg and the 

mean ZST value ,  16.6 u n i ts .  Repeated examination of  faecal swabs 

f a i l e d  to reveal the presence of Salmonel1a e .

Accommodation and grouping were s im i la r  to previous experiments 

and the arrangements are set out in f ig u r e  13. The t r i a l  commenced 

on Wednesday May 9, and lasted 28 days. Approximately one week p r io r  

to the admission of these calves the animals surv iv ing  from experiment  

3 were removed and the pens were cleaned out,  s team - je t ted  and 

d is in fe c te d .

Al l  calves were fed on re co n s t i tu ted  m i lk  s u b s t i tu te  (BOCM 

176, Gold top baby c a l f  fe e d ) .  This was mixed at  the ra te  of  100 g / l i t r e  

of water and th is  was fed warm at the approximate ra te  of  5% bodyweight,  

twice d a i l y .  The mi lk  powder in question contained 10% o i l ,  23%
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FIGURE 13 

ACCOMMODATION AND GROUPING OF CALVES

Experiment 4

High Treatment 
(3) Calves

Control
(3) Calves

Low

Mean body-weight 
on admission 36.6  Kg.

Mean body-welght  
on admission 30 .3 Kg.

(Range 08 32-40 Kg) (Range *= 29-32 Kg)

Mean ZST Value 
on admission 30 un its

Mean ZST Value 
on admission 2 .6 uni ts

(Range ■* 23-39 units)
o

(Range = 2 -4  units )

Intermediate  Treatment
Z-H
7*3
> Control Intermediate

(4) Calves
r~

(4) Calves

Mean body-welght 
on admission 34.5 Kg.

-nm
mo

Mean body-welght 
on admission 38 Kg.

(Range -  33-36 Kg)
zo (Range = 31 -47 Kg)

Mean ZST Value 
on admission 14.5 units

~v>to
to>

Mean ZST Value 
on admission 16.5 un i ts

(Range *  12-18 units)
o
m (Range « 12-23 units )

Low Treatment 
(3) Calves

Control
(3) Calves

High

Mean body-welght 
on admission 33 Kg.

Mean body-welght 
on admission 35 Kg.

(Range = 30-37 Kg) (Range = 35- ' Kg)

Mean ZST Value 
on admission 5 .6  units

Mean ZST Value 
on admission 30.6 units

(Range = 1-9 units) >- (Range = 23-41 units )
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prote in  and 0.5% f i b r e ,  according to informat ion supplied by the 

manufacturers.

Treatment calves received 150 mgm LBC in t h e i r  m i lk ,  twice  

d a l ly  for  the f i r s t  week of  the experiment and 75 mgm twice d a i ly  fo r  

the second week.

Morbid ity

Diarrhoea:

Al l  calves In both groups developed severe d iarrhoea sometime 

w i th in  the f i r s t  week of  the t r i a l .  The peak prevalence was on day 

four ( treatment calves) and day s ix  (c o n t r o ls ) .  I t  can be seen from 

f ig u re  ] k  that  diarrhoea became much more preva lent in the control  

calves than in the calves rece iv ing LBC and th a t  th is  fe a tu re  was most 

marked in the "low" ZST calves .

The prevalence of  d iarrhoea ,  as judged by the precentage of  

c a l f /d ia r rh o e a  days out of  the to t a l  number of  l i v e  c a l f  days was 

found to be 28% (t reatment calves) and k\% ( c o n t ro ls ) .  However, i t  

should be remembered tha t  in th is  instance,  the experimental  period  

lasted 28 days and whi le  several  deaths occurred during the l a s t  week, 

there was very l i t t l e  diarrhoea (see f ig u r e  1*+). Thus, fo r  a more 

meaningful comparison wi th  experiment 1, fo r  example, i t  Is useful  to  

consider these values fo r  the f i r s t  21 days of  the t r i a l ;  these were 

found to be 35% (treatment calves) and kS% ( c o n t r o ls ) .  Diarrhoea was 

more prolonged in the surviv ing control  ca lves .

As the t r i a l  progressed, I t  became apparent tha t  the  

survivors In the treatment group were much b r ig h te r  and more a l e r t  

than the c o n t r o ls .
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FIGURE ] k  : THE PREVALENCE AND PATTERN

OF DIARRHOEA AND MORTALITY IN THE TWO GROUPS 

OF TEN CALVES STUDIED IN EXPERIMENT k
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I

| Apart from the much higher prevalence of  diarrhoea in the
i

low ZST control  calves (see f ig u re  14 ) ,  l i t t l e  more can be said 

regarding the re la t io n s h ip  between ZST values and d ia rrhoea .  Only 

j two calves (70 , 75) died o f  what appeared to be uncomplicated diarrhoea

and th e i r  ZST values were 1 and 18 u n i t s ,  r e s p e c t iv e ly .

-  Respiratory signs:

Respiratory signs arose In ten calves between days one and 

twelve.  In a l l  of  these ca lves ,  the signs gradua l ly  worsened u n t i l  

the time of death and pneumonic areas were found in the lungs of each 

c a l f .

-  C o n ju n c t iv i t is :

1 One c a l f  (76) developed b i l a t e r a l  c o n j u n c t i v i t i s  which lasted

four days.

M o r t a l ? tv

Twelve calves (60%) died during the experimental  period of  

28 days and the m o r ta l i t y  pa ttern  Is summarised In f ig u r e  14 from which 

I t  can be seen that the corresponding f ig u r e  over 21 days ( I . e .  as In 

experiment 1) would have been nine deaths (45%). In a l l ,  four  

treatment calves (40%) died compared wi th  e ig h t  (80%) c o n t ro ls .  There 

were d is t in c t  d i f fe rences  between the t iming and cause of  these deaths.  

The ZST values of  the four treatment calves which died were 1, 9,  12 

and 13 units (mean 9) and the animals died between days four and 15; 

one c a l f  (70) was considered „to have died from d ia rrhoea ,  one (66) from 

abomasal tympany and pneumonia and two (67,  68) from diarrhoea and 

pneumonia. In comparison, the ZST values of  the e ight  contro ls  which 

died were 2, 2, 4,  12, 13, 18, 23 and 28 un i ts  (mean 13) ; one (75) 

was thought to  have died from diarrhoea alone,  one (77) from pneumonia
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alone and the rest from a combination of  the two problems. In these 

eight  control  calves,  the m o r t a l i t i e s  were spread over a period from 

day four to day 28 and f i v e  (a l l  pneumonic or pneumonic and d iarrhoeic )  

died a f t e r  day 15 (see f ig u r e  14) .

-  Growth rates:

Individual  and mean weekly weights for  the calves in th is  

experiment are presented in Appendix 8 . The mean weekly weight  

changes are presented in f ig u re  15 from which i t  can be seen that  

marked d i f fe rences  were present from day 14 u n t i l  the end o f  the 

experimental  period with  the t rea ted  calves weighing considerably more 

than the controls  on every occasion.  The mean weekly weights on day 

14; treatment calves,  35.0 - 2 .8  kg, c o n t ro ls ,  3 2 . 0 *  4 .8  kg; day 21:
■f* "f"

treatment calves ,  39.5 -  3 .2  kg, c o n t ro ls ,  33.8 -  5 .9 ;  day 28:
4"  4*

treatment calves ,  44.2  -  3 .3  kg, contro ls  42 .0  -  1.0 kg. However, 

s t a t i s t i c a l  analysis revealed that none o f  these d i f fe re nce s  were 

signi  f i  c a n t .

The individual  weekly weight changes during the t r i a l  are

summarised In f ig u re  16. I t  can be seen tha t  a substant ia l  number o f

calves lo s t  weight over the f i r s t  three weeks of  the t r i a l  and the

m a jor i ty  of  these were always c o ntro ls .  From day 21 onwards, marked

weight gains occurred In seven calves only one of  which was a control

animal. An analysis  o f  the weight changes revealed that the values

on day 14 were: treatment ca lves ,  ( - )  0 .7  -  0 .94  kg, controls
+

(-) 2 .9  - 2 .59 kg and the day 21 changes were: treatment calves ,

3 .8  - 0 .9  kg, control  ca lves ,  (-) 1.0  - 1.67 kg. The day 14 values 

were not s ig n i f i c a n t l y  d i f f e r e n t  (p = 0 .08)  but the day 21 d i f fe rences  

were h ighly  s ig n i f i c a n t  (p « 0 .0 0 2 ) .
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FIGURE 15 : THE MEAN WEEKLY BODYWEIGHT

CHANGES (EXPRESSED AS A PERCENTAGE OF MEAN 

ADMISSION WEIGHTS) OF THE TWO GROUPS OF TEN

CALVES STUDIED IN EXPERIMENT 4



© treatment 
▲ control .

0 7 14 21 28
Time (days post-admission)



FIGURE 16 : WEEKLY WEIGHT CHANGES OF THE

20 INDIVIDUAL CALVES STUDIED IN EXPERIMENT k
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DISCUSSION

This experiment was designed to in v es t ig a te  the value of  LBC 

in preventing,  or minimising,  neonatal diarrhoea in calves fed 

reconst i tu ted  milk  s u b s t i tu te  and the dose ra te  chosen was 150 mgm twice  

d a l ly  for  the f i r s t  week and 75 mgm twice d a i ly  for  the second week of  

the t r i a l  a f t e r  which time supplementation ceased. Apart from the 

change of d ie t  and the fa c t  th a t  the study was c a r r ie d  out over 28 days, 

the condit ions were the same as in Experiments 1, 2 and 3. However, in 

view of  the extremely high morbid ity  and m o r t a l I t y  rates in the previous  

study and the consequent d i f f i c u l t i e s  Involved In assessing the value  

or otherwise of  LBC, the c a l f  accommodatIon was cleaned out a f t e r  the  

departure o f  the previous group of calves ,  s team -je t ted  and then 

d is in fe c te d .  The room was then rested,  but only fo r  s ix  days, p r io r  

to the a r r i v a l  o f  the 20 calves used in th is  study.  The overa l l  mean 

ZST value was 17 units and hence the same as that in Experiments 1 and 2.

Diarrhoea a f fe c ted  a l l  indiv iduals  in both groups w i th in  one 

week of  the s t a r t  of  the study.  However, the percentage of  c a l f /  

diarrhoea days was found to be much higher in the contro ls  (41%) than 

in the treatment groups (28%). I f  the 21-day f igures  are  examined in 

order to carry  out a more v a l id  comparison wi th  the data obtained In 

Experiment 1, the corresponding f igures are 49% and 35% re s p e c t ive ly ;  

thus diarrhoea was more prevalent In these m i lk  powder-fed calves than 

in the calves fed on raw cow's m i lk .  Diarrhoea was f a r  more prevalent  

in the untreated calves with  low ZST values than in t h e i r  t re a ted  

equiva lents .  The m o r t a l i t y  ra te  was much higher in the control  calves  

(80%) than In those which received LBC (40%). and, there was a c lea rcu t  

re la t io n s h ip  between death and ZST values.  The mean value of  fa ta l  

( t reated) cases was found to be 9 un its  whi le  tha t  of survivors was

84



22 un i ts ;  the resul ts  In the control  calves were: f a ta l  cases,  13

u n i ts ,  surv ivors,  32 u n i ts ,  al though, again ,  f i v e  of  the deaths in the 

control  calves occurred between days 18 and 2 8 , much l a t e r  than in the 

treatment groups or in both groups in Experiment 1.

The mean weekly bodyweight changes revealed d i s t i n c t  

d i f fe rences  between groups from day seven onwards, although none of  

these d i f fe rences  were found to be s t a t i s t i c a l l y  s i g n i f i c a n t .  Weight 

losses were prominent in both groups on days 7 and \ k  but was r e s t r i c t e d  

to control calves on days 21 and 28. Again,  the lack of  s t a t i s t i c a l  

s ig n i f ica nce  may be a t t r i b u t e d ,  a t  leas t  in p a r t ,  to the e r r a t i c  growth 

performances In both groups of calves and to the s te a d i ly  diminishing  

s ize  of  the control  group due to m o r t a l i t y .  There seems l i t t l e  doubt 

that  the weight changes r e f l e c t  the s eve r i ty  and/or durat ion of  

diarrhoea (or diarrhoea plus resp ira to ry  d isease) ,  p a r t i c u l a r l y  in 

view of the fac t  that as the prevalence of  diarrhoea decreased and 

some d ia rrho e ic  calves d ied,  so mean weight gains markedly increased.

That the i n i t i a l  weight losses or poor growth rates were due 

to diarrhoea is fu r th e r  supported by the steady weight gains in the 

surviving t rea ted  calves between days \ k  and 28. Despite the fac t  

that  a l l  o f  them had been a f fe c te d  by some degree of  diarrhoea t h e i r  

mean weekly weight increases over th is  period was k . S  k g /ca l f /w e ek ,  

thus Ind ica t ing  that the mi lk  powder in question and i ts  method of  

preparat ion and admin is tra t ion  were qu i te  adequate.  The mean weight  

changes up to day 1^ were actual  losses In both groups but the 

di ffe rences  were not s ig n i f i c a n t  (p = 0.08) whereas most of  the 

treatment calves had gained weight by day 21- and the d i f fe re n c e  between 

groups at th is  stage was very highly  s ig n i f i c a n t  (p = 0 .0 0 2 ) .
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In summary, severe diarrhoea a f fe c te d  both groups of calves  

and was responsible for  many calves losing weight during the f i r s t  h a l f  

of the 28 day experimental period.  However, i t  was more preva len t ,  

and prolonged, in the untreated calves and depression of  weight gain 

and/or weight loss were more profound. The m o r t a l i t y  rate  was much 

higher in the untreated control  calves and many deaths occurred 

r e l a t i v e l y  l a t e  in the course of  the study.  The mean weight gains to  

21 days were higher in t rea ted  calves and once diarrhoea was past the 

surv iv in g - t rea ted  calves grew at  an acceptable ra te  despite  t h e i r  

e a r l l e r  setbacks.
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SECTION 5: EXPERIMENT 5: AN INVESTIGATION INTO THE EFFECTS OF

FEEDING LBC AT THE RATE USED IN EXPERIMENT k  TO CALVES FED EITHER  

RAW MILK OR POWDERED MILK SUBSTITUTE.

The f in a l  experiment in th is  programme was designed to study 

the e f f e c t  of feeding LBC at the rates used In Experiments 3 and k  to

calves fed e i t h e r  raw cow's mi lk  or reco n s t i tu ted  m i lk  powder but

otherwise managed under standardised condi t ions .

MATERIALS AND METHODS

The procedures were as in previous experiments except tha t

an e f f o r t  was made to acquire  as many calves as possible with  high ZST

values.  Thus, a to ta l  of  33 calves were obtained in local  markets 

and a l l  but 16 were re jec ted  mainly because of r e l a t i v e l y  low ZST 

values.  A f te r  se lec t ion  the mean bodyweights o f  the 16 experimental  

calves was 3 * 0  kg and the mean ZST value 29.8  u n i t s .  Repeated 

examination o f  faecal  swabs revealed the presence o f  Salmonel1 a 

worth Ington In one c a l f  (89) on one occasion on ly .

The housing arrangements were as reported previously  and 

are summarised in f ig u re  17. The room which contained the calves had 

been cleaned, s team-je tted and d is in fec te d  p r io r  to the a r r i v a l  of  the  

experimental animals. The t r i a l  commenced on Wednesday, July 25,  1979.

One group of e ig h t  calves were fed raw cow's mi lk  a t  the  

same rate  as In Experiment 1. The other group were fed re cons t i tu ted  

milk  subst i tu te  of  the same type and a t  the same ra te  as In Experiment 

k .  The dose ra te  of  LBC was as in Experiment k  and, again ,  the 

powder was administered In the m i lk .
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FIGURE 17

ACCOMMODATION AND GROUPING OF CALVES

Experiment 5
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RESULTS 

Morbid!ty  

Diarrhoea:

All  calves save one (89) developed diarrhoea a t  some time 

during the experiment although, as can be seen in f ig u r e  18, the 

prevalence of  diarrhoea was much higher in the calves fed m i lk  

s u b s t i tu te .  The calves wi th  low ZST values and fed m i lk  su b s t i tu te  

seemed p a r t i c u l a r l y  prone to developing d ia rrhoea .  The peak 

prevalence of diarrhoea In the m i lk - f e d  calves was day 4 and In the  

su b s t i tu te - fe d  calves was between days 5 and 8.

The number of  c a l f /d ia r r h o e a  days in the mi lk  fed calves was 

30 , tha t  is 20% of 149 possible l l v e - c a l f  days; the corresponding 

f igures  for the s u b s t i tu te - fe d  calves was 69 of  158 days (44%). The 

major d i f fe re nce  was p a r t ly  due to the fa c t  tha t  diarrhoea was much 

more prevalent in the s u b s t i tu te - fe d  calves during the e a r ly  part  of  

the t r i a l  and p a r t ly  because the problem pers is ted in several  calves  

up u n t i l  day 20.

Increasingly  as the t r i a l  progressed the calves fed cow's 

milk  appeared to be b r ig h t e r ,  c leaner and In b e t te r  h e a l th ,  mainly 

because progressively fewer were d ia r r h o e lc .

Two calves (88, 92) were considered to have died as a re s u l t  

of diarrhoea and the remainder (85, 87, 94) succumbed to a combination 

of diarrhoea and pneumonia. ^Diarrhoea tended to  be of  shorter  

duration (range 3-6 days) in the m i lk - f e d  f a t a l  cases than in the  

su b s t i tu te - fe d  fa ta l  cases (range 4-13 days).
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FIGURE 18 : THE PREVALENCE AND PATTERN

OF DIARRHOEA AND MORTALITY IN THE TWO GROUPS 

OF EIGHT CALVES STUDIED IN EXPERIMENT 5
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-  Respiratory signs:

Respira tory  disease was not as widespread in the calves In 

th is  experiment compared w i th  e a r l i e r  groups. One c a l f  (9*0 was noted 

to be coughing on day 3 and two others (85,  87) on day 12; and three  

calves eventual ly  d ied,  from the e f f e c t  of  severe, prolonged diarrhoea  

and a n te r io r  lobe pneumonia.

M or ta l i  tv

In a l l ,  f i v e  calves (31%) died; two which were in the m i lk -

fed group (25%) and three In the s u b s t i tu te - fe d  group (38%).

The deaths In the m i lk - f e d  calves were r e l a t i v e l y  e a r l y ,  

on days 8 and 9. One c a l f  (92) was thought to have died from diarrhoea ,

the other (9*0 from a combination o f  diarrhoea and pneumonia. One

c a l f  in the s u b s t i tu te - fe d  group (88) died on day 7 apparently  from 

diarrhoea,  whereas the other two (85, 87) died of  a combination of  

diarrhoea and pneumonia on days 20 and 21.

In th is  group of  calves selected fo r  high ZST values,  there  

was no obvious r e la t io n s h ip  between the m o r t a l i t y  pa t te rn  and ZST u n i ts .

Growth rates

The Indiv idual  and mean weekly weights of  the calves In 

th is  experiment are presented in Appendix 10. I t  can be seen from 

f igures  19 and 20 which summarise th is  in formation,  tha t  d i s t i n c t  

di ffe rences  existed between the mean weekly weight changes of the two 

groups of calves from day 7 onwards, w i th  the m i lk - f e d  calves always 

gaining weight f a s t e s t .  The mean values in question were as fo l lows:  

day 7 - m i lk - fe d  ca lves ,  34.3 -  4 .7  kg; s u b s t i tu te - fe d  ca lves ,

33.3 -  *+.7 kg; day 14 - m i lk - fe d  ca lves ,  36.7  -  5 .3 ;  s u b s t i tu te - fe d
+ + 

calves ,  31.3 -  5.5  kg; day 21 -  m i lk - f e d  ca lves ,  41 .5  -  5 .8  kg;
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FIGURE 19 : THE MEAN WEEKLY BODYWEIGHT

CHANGES (EXPRESSED AS A PERCENTAGE OF MEAN 

ADMISSION WEIGHTS) OF THE TWO GROUPS OF 

EIGHT CALVES STUDIED IN EXPERIMENT 5
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FIGURE 20 : WEEKLY WEIGHT CHANGES OF THE

16 INDIVIDUAL CALVES STUDIED IN EXPERIMENT 5
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*1*

s u b s t i tu te - fe d  calves ,  3 8 .A- -  5 .8  kg. However, none o f  these values 

were found to be s i g n i f i c a n t l y  d i f f e r e n t .

The f indings regarding ind iv idua l  weight changes over the 

experimental period are summarised in f ig u r e  20. I t  can be seen that  

on days 7 and \ k ,  a substant ia l  number of  calves weighed less than t h e i r  

admission weights and on both occasions the m a jo r i ty  of  these were 

su b s t i tu te - fe d  calves .  By day 21,  the surviv ing calves were mostly 

gaining weight but the calves being fed raw m i lk  were s t i l l  ahead of  

the su b s t i tu te - fe d  animals.  Inves t iga t ions  revealed that the mean 

weekly weight changes on day 1*+ were: m i lk - f e d  calves ,  3 .7  -  3*5 kg;
4.

s u b s t i tu te - fe d  calves ,  ( - )  2 .6  -  3.1 kg, and on day 21 were: m i lk - fe d
■|* -j.

calves 8.5 - 3 .8  kg; s u b s t i tu te - fe d  calves ,  2 . k  -  k a2 kg. Both of  

these d i f ferences were found to be s t a t i s t i c a l l y  s ig n i f i c a n t  (p = 0.01 

and p = 0 .05 ,  re s p e c t iv e ly ) .

DISCUSSION

This f i f t h  and f in a l  In v es t ig a t io n  was designed with  the  

aim of examining what,  from the re su l ts  obtained in Experiments 1 and 

k ,  seemed to be a d i s t i n c t  d i f fe re n c e  in the prevalence of  diarrhoea  

depending on whether raw mi lk  or reconst i tu ted  mi lk  powder was fed.

The c a l f  accommodation was c leared o f  calves soon a f t e r  the 

terminat ion of  Experiment and I t  was then cleaned out ,  s te a m - je t te d ,  

d is in fec ted  and "rested"  for  approximately one month. I t  was decided 

to use as many calves as possible w i th  high ZST values and t h i s ,
i

together with the r e l a t i v e  dearth of  s u i ta b le  marketed calves in July ,  

was responsible fo r  the fa c t  th a t  the group sizes  were l im i t e d  to  

e ig h t .  The experimental  period was 21 days and the dosage ra te  of  

LBC was maintained at  the ra te  used in the previous experiment.

The preparat ion was fed to both groups o f  experimental  ca lves .
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I t  soon became evident that the prevalence of  diarrhoea was 

much higher in the calves fed m i lk  powder and by the end of  the t r i a l  

the powder-fed calves were found to have a c a l f /d Ia r r h o e a  percentage  

of  kk% compared with a f ig u re  o f  20% in those fed raw cow's m i lk .  in 

a d d i t io n ,  diarrhoea was present in a substant ia l  number of  m i lk  powder- 

fed calves throughout the 21 day experimental  period whereas i t  fol lowed  

the more establ ished pattern  of  peaking at  around the four th  day in 

the m i lk - fed  ca lves .  The m o r t a l i t y  ra te  was found to  be 25% in these 

l a t t e r  animals compared with  38% in the group fed reconst i tu ted  mi lk  

powder. Again, two of the three deaths In the mi lk  powder-fed group 

occurred towards the end of  the experimental  per iod.

A f te r  the f i r s t  week, when the mean bodyweight of  the m i lk -  

fed calves remained s t a t i c ,  there  was a steady increase and at  a l l  

times the mean weekly values were well in excess of  the calves fed 

milk  powder. Indeed, these l a t t e r  animals suffered s te a d i ly  

decreasing mean values u n t i l  day 21 when i t  was found th a t  the f i v e  

survivors were at la s t  gaining weight .  Despite the marked d i f fe rences  

In performances of the two groups, h igh l ighted  as i t  was by the fa c t  

that  on day 7, f i v e  of  the seven, and on day \ k ,  s ix  of  the seven 

calves to have los t  weight were powder-fed,  i t  was not possible to  

demonstrate a s t a t i s t i c a l l y  s ig n i f ic a n t  d i f fe re n c e  between the values  

obtained. However, an examination of  the weight changes between the 

s t a r t  of  the experiment and days \ k  and 21 revealed h igh ly  s ig n i f i c a n t  

di fferences (p = 0 .0 1 ,  p = 0.05  respect ive ly )  and, again,  these 

dif fe rences  can be ascr ibed,  at  leas t  in p a r t ,  to the d i f f e r i n g  

prevalence of diarrhoea in the two groups.
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In summary, desp ite  the d i f fe rences  h igh l igh ted  between 

the tes t  and control  (milk powder-fed) calves in the previous experiment,  

c lea r  d i f ferences were demonstrated in the f i f t h  t r i a l  between two groups 

of calves (both of  which were administered LBC) depending on whether  

they were fed reconst i tu ted  mi lk  powder or raw cow's m i lk .  Fewer of  

the calves fed raw cow's m i lk  died,  they a lso suffered less d iarrhoea,  

and t h e i r  mean weight gains by days 14 and 21 of  the t r i a l  were 

s ig n i f i c a n t l y  greater  than the powder-fed animals.
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CHAPTER 4 

GENERAL DISCUSSION



GENERAL DISCUSSION

A study of the re levant l i t e r a t u r e  confirms tha t  neonatal  

c a l f  diarrhoea is widely acknowledged as being a major economic burden 

in c a t t l e - r e a r i n g  operations in many c ountr ies .  I t  is a p a r t i c u l a r  

problem under conditions of  intensive  l iv e s to c k  management but i t  is 

not exclusive to such enterpr ises and, more s p o ra d ic a l ly ,  i t  may cause 

considerable losses and inconvenience under more extensive s i t u a t io n s .  

In most outbreaks, an ae t io lo g ic a l  diagnosis is not attempted,  l e t  

alone achieved, although c l i n i c a l  and epidemiologica l  data usual ly  

suggest that the m a jo r i ty  of  outbreaks involve a considerable number of  

common features (Blood and others ,  1979) thus perhaps po inting to  the 

p o s s i b i l i t y  that most outbreaks are i n i t i a t e d  by a l im i t e d  number of  

pathogens act ing e i t h e r  alone or in concert (Acres, 1977).

The treatment of  in d iv id u a l ,  s e v e re ly -a f fe c te d  cases of  

neonatal c a l f  diarrhoea under f i e l d  condi t ions Is o f ten  unsuccessful  

i r respect ive  of  whether a n t ib io t i c s  and f l u i d  and e l e c t r o l y t e  therapy  

are used alone or in combination (Radosti ts ,  1965).  Thus, a t t e n t io n  

has been drawn repeatedly to the possibi l  i t y  o f  preventing the problem 

or a t  least  minimising I t s  e f f e c t s .

The p ro te c t ive  ro le  of  colostrum has received a great deal 

of a t te n t io n  in recent years and i t  is now widely  considered to be the 

dominant fac tor  involved in whether or not calves survive the neonatal

period (Selman, 1973).  Thus, advice to c a l f  producers must always
*

involve de ta i le d  information about the co lo s t ra l  Immunoglobulin 

absorption process and also how to minimise pathogenic chal lenge.  In 

many cases such an approach is s u f f i c i e n t  to control  a c a l f  diarrhoea  

problem (Selman, 1973). However, when attempts are being made to
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rear  calves which have been purchased or otherwise acquired w i th in  the 

f i r s t  week or two of  l i f e  and where the chances of  c o n t r o l l in g  the 

f i r s t  few c r i t i c a l  hours of  a c a l f ' s  l i f e  are l im i t e d  or non-ex is ten t ,  

a l t e r n a t i v e  prevent ive  regimes must be considered.

L i t t l e  sound evidence e x is ts  to support the routine  

prac t ice  of  continuously or s t r a t e g i c a l l y  dosing calves with  a n t i b i o t i c s  

and the approach involv ing the vaccination of  e i t h e r  calves or t h e i r  

dams has genera l ly  y ie lded  e i t h e r  d isappointing  re su l ts  or e lse  

information which is extremely d i f f i c u l t  to assess (Acres, 1977; Blood

and others,  1979).  The major drawbacks would appear to be ( i )  the

lack of  d e ta i led  knowledge regarding the r e l a t i v e  prevalence o f ,  and 

roles played by, suspected pathogens, ( i l )  the quest ionable  immune 

competence of very young calves ,  ( I I I )  the age Incidence of the common 

neonatal disorders and ( Iv )  ( in  dam vacc ination  studies) the fa c t  tha t  

so of ten the major problem seems to be suboptimal co lost ra l  

immunoglobulin absorption i r re s p e c t iv e  of  whether or not s p e c i f i c  and 

v a l id  antibodies are contained in the colostrum being presented to  

and/or ingested by the c a l f .

Another fa c to r  which is causing increasing concern is the 

fa c t  tha t  widespread and of ten  haphazard long-term adm in is t ra t ion  of

a n t ib io t i c s  to young calves may be responsib le ,  i f  only in p a r t ,  fo r

the increase in a n t i b i o t i c  resis tance (Mart inez ,  197*0.  Thus, the  

gradual accumulation of  informat ion regarding the use of  other  

approaches, and p a r t i c u l a r l y ,  tha t  involving  the oral  a dm in is t ra t ion  

of c e r ta in  l a c t i c  acid ba c te r ia  represents a useful  a l t e r n a t i v e  method 

of prophylaxis apparently  without the unpleasant and dangerous e f f e c t s  

re fe rred  to above (Bes l ln ,  1975).
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The information regarding the use of  various preparat ions  

and formulat ions of l a c t i c  acid b a c te r ia ,  g enera l ly  administered in 

e i t h e r  milk  or milk  powder, to young pigs and calves has been extens ive ly  

reviewed. This information strongly  suggests tha t  the approach is 

useful although the data regarding i t s  use in pigs is ra ther  more 

convincing and, apparently ,  less controvers ia l  than the use of  these 

preparations in calves.  I t  is fo r  th is  reason that one such product,  

a lyo ph l l ised  preparat ion o f  Strep,  faecal  is was invest iga ted  under 

condit ions which were designed to standardise many of the var iab les  

which have made so many e a r l i e r  studies in to  c a l f  diarrhoea prophylaxis  

v i r t u a l l y  Impossible to assess (Acres, 1977) .

In f i v e  separate in v es t iga t ions ,  strenuous e f f o r t s  were 

made to control  the source, type and size o f  the experimental  ca lves ,  

t h e i r  immunological (ZST) s ta tus ,  the condit ions of  feeding and 

management that they encountered (at lea s t  w hi le  they were on te s t )  and 

the nature and level of  pathogenic chal lenge.  In th is  l a t t e r  respect,  

no attempt was made to de fine  the basic cause o f  the high morbid i ty  and 

m o r ta l i t y  which occurred although by carefu l  considerat ion of  housing 

arrangements, at  least  i t  was ensured that  a l l  calves must have received  

a s im i la r  cha l1enge.

The resu l ts  of  Experiments 1, 2 and 4 confirmed that  the 

admin is tra t ion  o f  the preparat ion In question (LBC) to te s t  calves  

resulted in fewer deaths during the experimental  periods of  between l^f and 

28 days, less severe diarrhoea and greater  weight gains than that  

experienced by s im i la r  but untreated control  ca lves .  Thus, the resu l ts  

were in 1 ine with those of  c e r ta in  other workers (Meszaros and Varga,

1975; M i l i c  and S l j i v o v a c k i ,  1975; Radulovic and o thers ,  1976; Tournut  

and others ,  1976) who have used various l a c t i c  bac te r ia  but o ften  under
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f a r  less s t r ingent  experimental  condi t ions than used in th is  present  

ser ies .

Certain  other observations made on the untreated control  

calves and on the events which occurred in Experiments 2,  3 and 5 are  

also worthy of  comment and may a lso be o f  major importance in ensuring 

that  fu ture  studies on the e f f i c a c y  of  LBC and s im i la r  preparat ions  

are car r ied  out under optimal condi t ions.

Without doubt, the p ra c t ic e  of  not d is in f e c t in g  between

the groups of calves used in Experiments 1, 2 and 3, the fa c t  tha t  each

study was run more-or - less concomitant ly,  and the presence r ig h t  from

the s t a r t  of  Experiment 1 of  widespread diarrhoea led to a ra p id ly

escala t ing pathogenic chal lenge tha t  t o t a l l y  overwhelmed the calves in 

Experiment 3 and resul ted In equivocal  resu l ts  In terms of the e f f i c a c y  

of LBC. With a return to normal c lean ing ,  d i s in f e c t io n  and rest ing  

pract ices ,  the s i t u a t io n  reverted in Experiments k  and 5 to something 

more akin to that experienced in Experiment 1. The fa c t  that th is  

increase In chal lenge happened to coincide w i th  the s e lec t io n  of  two 

groups of calves with lower mean ZST values than In the previous two 

experiments Is also l i k e l y  to have been of  major importance In th is  

respect.  Such a s i t u a t io n  has been postulated as being responsible  

fo r  the seasonal i ty  of  losses from neonatal c a l f  disease in da i ry  herds 

in the west of Scotland (Selman 1969; 1973).

The other fa c to r  o f  major importance was that  the  

prevalence of  diarrhoea was c lo se ly  re la te d  to  the d ie t  being fed .

The prevalence of  diarrhoea was g rea te r  in calves fed reconst i tu ted  

milk  powder and, in Experiment 5,  calves fed in th is  way experienced  

more deaths,  more diarrhoea and grew s i g n i f i c a n t l y  slower than calves
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fed raw cow's m i lk .  Since th is  d i f f e r e n c e  was apparent even when both 

groups were dosed wi th LBC, i t  seems u n l i k e ly  tha t  i t  was due to the 

presence of natural  1y-occurr ing l a c t i c  acid bacter ia  in the raw cow's 

milk  in contrast to i ts  to ta l  absence in the unsupplemented milk  powders. 

The d i f fe rence  in prevalence of  diarrhoea did not represent merely a 

d i f fe re nce  in faecal  consistency,  since more powder-fed calves died 

and there was a fa r  g reater  tendency to lose weight in the e a r l i e r  par t  

of the experiment. The mi lk  s u b s t i tu te  in question was a highly  

reputable product from a major farm feeds company and i t  seems u n l ik e ly  

that  i t  was being produced by the i n f e r i o r  methods described by Roy

(1969). C le a r ly ,  In view of the widespread use of  m i lk  powders in

modern c a l f - r e a r i n g  e n te rp r is e s ,  more work should be c a r r ie d  out into  

th is  question,  since i t  Is j u s t  possible  that I t  might be resolved by 

simply increasing the dose-rate  o f  LBC.

Without doubt, the experimental  model used in th is  ser ies of  

investigations was an extremely harsh te s t  system. I t  is tempting to  

believe that under b e t te r  condi t ions of  housing,  husbandry and feeding  

and with calves somewhat less vu lnerab le  to the adverse e f f e c t s  of  

neonatal in fect ions  than Ayrsh ire  calves marketed when only a few days 

o ld ,  the resu l ts  o f  LBC adm in is t ra t ion  might wel l  be much more 

Impressive.  For th is  reason i t  does seem that f u r t h e r  work should be

carr ied  out in order to study the e f f i c a c y  of  the preparat ion under

d i f f e r e n t  management systems. Furthermore,  in view o f  the evidence  

that  d ie t  and diarrhoea were s trongly  i n t e r r e l a t e d ,  a t t e n t io n  should 

be paid to the value o f  LBC and s im i la r  products when supplementing
j.

various mi lk  powder formula t ions .  The current vogue fo r  feeding "acid"  

milk subst i tu tes  (Low, 1978, 1979a,b) is o f  p a r t i c u l a r  in te r e s t  in th is  

context since many o f  the suggested e f f e c t s  would appear to be s im i la r  

in nature to those o f  the l a c t i c  acid b a c te r ia .
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APPENDIX I : CERTIFICATE OF BACTERIOLOGICAL

ANALYSIS FOR LBC CONCENTRATE H I P  

( L Y O P H I L I S E D  STREPTOCOCCUS FAECIUM)



Microbiological Laboratory

Cert . -No.:  191

CERTIFICATE OF BACTERIOLOGICAL ANALYSIS

Preparation or goods

Internal No. of preparations or goods 

Batch-No. of Streptococcus faecium SF68

Microorganisms to determinate

Substrates used for  determination

Results of analysis

Time and temperature used for  c u l t iva t io n  

Dilu t ion  used for  determination

Date of C e r t i f ic a te

LB Corcentrate M10

839720

901/27

Total content of  bacteria

Content of Coliforms

Content of Streptococcus faecium

Tryptone Glucose Extract Agar 

Vio le t  Red Bile  Agar 

Tomato Juice Agar

not less than 35-10^/g
negat ive /0 .1g

not less than 35-10^/g

48h/37°C

l o ' V i o -9

Barbengo,16.2.79

Signature of  analyst

Checked by



APPENDIX 2 : SUMMARY OF DATA REGARDING

SOURCE. ZST VALUES, WEIGHT CHANGES, GROUP 

ALLOCATION AND TREATMENT OF 20 INDIVIDUAL 

CALVES STUDIED IN EXPERIMENT 1.
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APPENDIX 3 (TABLES 1 - 2 0 )  : INDIVIDUAL DATA

SHEETS FOR 20 CALVES USED IN EXPERIMENT 1 . 

INCLUDING INFORMATION REGARDING PRESENCE 

(AND DEGREE) OR ABSENCE OF DIARRHOEA. 

SURVIVAL TIME AND GROSS POST MORTEM FINDINGS

WHERE APPLICABLE.
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APPENDIX k  : SUMMARY OF DATA REGARDING

SOURCE. ZST VALUES. WEIGHT CHANGES. GROUP 

ALLOCATION AND TREATMENT OF 20 INDIVIDUAL

CALVES STUDIED IN EXPERIMENT 2 .
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APPENDIX 5 (TABLES 21-40) : INDIVIDUAL DATA

SHEETS FOR 20 CALVES USED IN EXPERIMENT 2 . 

INCLUDING INFORMATION REGARDING PRESENCE 

(AND DEGREE) OR ABSENCE OF DIARRHOEA. 

SURVIVAL TIMEAND GROSS POST HORTEM FINDINGS

WHERE APPLICABLE.
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APPENDIX 6 : SUMMARY OF DATA REGARDING

SOURCE, ZST VALUES, WEIGHT CHANGES, GROUP 

ALLOCATION AND TREATMENT OF 20 INDIVIDUAL

CALVES STUDIED IN EXPERIMENT 3
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APPENDIX 7 (TABLES b]-G O) : INDIVIDUAL DATA

SHEETS FOR 20 CALVES USED IN EXPERIMENT 3 , 

INCLUDING INFORMATION REGARDING PRESENCE 

(AND DEGREE) OR ABSENCE OF DIARRHOEA, 

SURVIVAL TIME AND GROSS POST MORTEM FINDINGS

WHERE APPLICABLE.
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0 4-J Ê 0a - Q Cn 0 • • 4- c X-3" JC 0 o 1- o
C v— CL cn — 0• O . ,— 0 c ,— 4J 0

o •— 4J in o 0 0 o
zzz in on O •— > > JCin Q 4J •—• L- u
M- — >- 0 0 > 0 L.
,_ E X c o !_ i_ in 0
03 X o •— CQ Z3 D JD •—

O < CQ IN _ l O on O O

a - LA CA
CN CA

vO 22

o

LA
CA

CN
cn
CN

1
■Jt

CN 20

oo
CN

+
+
T

CA - cn 27

+

O 00

2
6

+
+
+

cn
A -

!2
5

I i 1---
---

---
-

o

o CO vO •j j -
CN

oo
CN

cn

cn

O
CD

U
m

bi
li

ca
l 

co
rd

 
in

fl
am

ed
 

an
d 

fu
ll

 
of 

pu
s 

D
ul

l 
an

d 
re

cu
m

be
nt

 
be

fo
re

 
d

ea
th

.



2
tOcc

cn
ELT\

r - .

c .
<D in 

-£= > • +-* no ^X
in  a -. 
>» i fU >-

x _  

ro 
i x  

> -
— <u

■m  in
1/1 4-j <U C 
Cn—  
C  O

l_ CM — o(- <0 —X  5
.  . -4 in 4J
a. 4-» 01 I in
3 » _ Ox , . >»
o CTv . . c 0) C to
t_ c 3 2 a) o X
cn r̂ .cn o >-

•M4-
i 4-J -4

XI in 4-J X to in •—
«c

•
-4 in X

0101 U4-J
>-
<0

cn •
OA *E 4- in X • •

• — X -Q 1 •— <a X
w <0 u •

cn c Om 3 a— •—

< c \- <§ E l.
01 o u\ X • ♦ 01 in■M 4) to 01 Q_ >-

Q n) ,__„ 4-J E to
la O cn «0 • » <4- — C Xv: JC 01 0 1— oC '—' a . cn a— to

• 0 • — ro C — 4-J 01
o — 4-J 3 in o ro to o

z in 13: l / l O > > JZin O 4-J L. uIr­ — N O to > 01 ua­ E X c o L- u in 10
ni X o a— CD 3 3 -a •—

t_> < CQ CM o 00 o Q

a *. LA CA
CM CA

-4 CM o
vO CM CA

CA cn
LA 1— CM CM

CM o OO
- 4 — CM CM

a
m i— cn

— CM

J .
CM O 00 \0

CM

O

cn a -

| 2
5

1 i
O

o oo vo -4
CM

Qi

m
4)on
c<0

_cu

a
2
> -

x
o

CO

CO
CM

CM

o —11 ■ •01 c
in
3

01 .— CL
c•—X M—■M•— oin 3
a>r— f—
4-j M- ,—
c

0)>
3M-

• •— X JZ
a— in C ■M
to in to to
E 01 01
1_ l_> X X
o X 01C LQ E 011 to l_
E • — o
3 .— M- <4-
in to c 01
to E ■— JZ

to P L .
01 o 0 X 4-j
o -Q c L_ cJZ < i o 01
1_ cn[ o JD1_ •  • c E
to in 3 a— 3

cn_j to Oo c o 01• a— l_
X L - .—

• . c •— X
JZ to jQ c
4-1 >4— E to
to <4- 3
01 E o

ai
■—

X 01 •—■
4-> ----- .  _ c 3

M— L_ ■— in*~ Q
o o a 4-J

E M- c
01 i X 01in 4-J E
3 m C £
to O to Oo Q_ l_l

cn
E

u -\ 
a -

- X
•

c  in
— 01 > -

JZ to
2 : 4-J X

2 • fv
to in 1

aZ >- >-
to —

4-J x  —
c to
01 r^ -x
E i
4-J >-01
to —  0
01 CM •— a—
u to 2

J— 0 X  4-J
-4 • • 1

• • in 01X
CL 4-J O 01 in
3 •— •“  01 >-
O • • c 2  m-  c <0l_ cn c 3 4-> O X
O l r>- 0 1 — in

cn •— > - X  4-J >» -4
X *— in 4-J 01 to to
01 • in —— 01 l_ X
c -4 «— X »*- 4-j
an • E — 1 m CO • •

•— cn X JZ • a— X
in #—■ to u cn c 0
in 3 E  — —

< • • c K— 0  s u • •
01 0 LA X • • 01 in
4-J 01 —  <0 01 Cl > .cn to __ _ 4-J E to

-4 0 cn to u- C X
JZ 01 0 h- O

c "—- Cl cn ■— to• 0 • _ to c ,— j - j 01
O ™ 4-J 3 in O ro ro 0

2: in IB I/) O — > > JZ
in CD 4-J -— i_ L.

*4— -— S O <0 > 01 L_
r— E X C O  L- i_ m to
to X 0 *— CQ 3 3 JD •—

0 < CD rM _1 Q OO 0 0

+
+
+

A-- LA CA
CM CA

0Q

\D -4 22

+
+
+

LA
CA

CM
cn
CM

+

-4 CM 20

CO
CM

O

IA — cn A --
CM

O

CM O CO

2
6

O

cn A '- LA
CM

O cz

O co vO -4
CM

cn

m01 
cn 
c  
«0 

_C
o
4-J
.c
cn

0)
2

> *
X
oCD

-OO
CM

ia
ia

O
- 4

x

3  in 
i —  + j  
01 <4- c  c —
— o o■ms: —i 
in
01 •  C
4-J C  -
c O

4-J
• in

c ai
0 cn

to •— c a
a— 4-J O J Z
C in 0 4-J
O 01 1 to
E cn cn 01
3 c c X
01 O 3
c O _ i 01
CL 1 L.

E a 0
X 3 U. u-
c in a— 01
m to to JD

to § 14- 4-J
01 JD 0 c
0 < 01

JC a— JD
1— • • a— E
l_ m 3 3
to cn H - Oc 01

Q ♦— X 1_
X C

• • c to X
JZ a — c
4J M- c to
to 0
01 E a—

X 01 4-J a—
4-J m* • 3

M- l_ aim q
O O a w

E c c
01 1 001
in 4-J OE
3 in E
to O O

0 Q_ 0



2 
ro 

aZ

cz
o

c_>

-j- in+j
3 — > -
o • • c C (01— c 3 o *3
cn c n o •—

•— > - 4-J in
* a c n in 4-J <0 > -
cu m »— L. to
c . — "O 4-1 ~D
cn -3" E *— in * •

•— ■3 _a •— -3" "3
in c n ro c O
m f__ 3 •— *■—

< - . c 1 - E L. • •
a) o 1 •a • • 3 in
4-J <U to tu Q_ > -

CM to ^ 4-1 E ro
LTV a cn <0 • ■ l - •— C "3

_c <U O h - o
c v—' CL cn •— ro

• o • ,— <0 c — 4-J 3
o — 4-J 3 in o 10 <0 O

ZZZ in i/n O — > > JZ
in Q 4-J •— L- L.

M - •— > . a 10 > 3 u
_ -- e * a c o 1_ in tO
nj *o o •— CQ 3 3 JQ •—

o < CO I'M _J Q CO o a

+
++ I A CA

CM C A

+ O

- c f CM o
vO 1— CM C A

t
o

+
CA cnC A ■— CM CM

O O
CM O OO- 3 " — CM CM

O o
( A — cn r

* ” ■— C M

O oo CO vO
CM C M*■ ‘

O o
i a A

'— cn CM

o t
+ \£> - 3 "o 0 0 CM

cn

in<0
cn
c<0

JZ
o

cn

3
3:

>-*3o
co

2
8

CM

s£>
CA

0 0
tA

r--

o

1
in
cn
c

■ 3
c

-C *—
4-*
(0
3 E

* 3 3
4-J • •

M - l_ in
O 4-J

3 1
c
3

in 4J £
3 in £
3 O O

O Q - O

20J
aZ

c
o

c_>

-j-
CM

vO 1
. . CM m
CL 4J
3 •— • . in
O cn

IA
c n

. . c c
L.
cn

C
O

3 0 3
•3

■3 in
> -
4-J

4-J
3 in

> •

-3 ’
3
c -ct-

10
•3

L.
4-J

cn cn ' I
*3 JZ

in 3
"3 “3

in
in

3 L_
3

c rA O

< • • C f— 1 *E l_ • •
3 O "3 • • 3 in
4-J 3 3 3 a . > -
3 „__^ 4-J ^E 3

LA Q cn 3 • • H - c ■3
JZ 3 O h - O

C ' — ' CL cn — 3
• O • .— 3 C —— 4J 3

O — 4-J 3 in O 3 3 O
2 : in 15 CO O •— > > JZ

in 0 4J — L. t_
M— •— O 3 > 3 L.
r _ E "3 C 0 L- l_ in 3
3 *3 O •—■ ca 3 3 JO •—

O < CO fM Q CO O Q

Q

(A A (A
CM CA

t
MD + -J" CM

CM

+
+

A  + CA
CM

cn
CM

+
+

^- + CM O
CM

CO
CM

+
+
+

CA
cn f—  

CM

+
+
+

CM O CO MD
CM

+

cn r>- A
CM

O
O CO vO -3 *

CM

cn

in
3
cn
c3

JZ
o
4J
JZ
cn

3
2
>-■o
o
CO

OO
CM

CM

-=r

r-»

vO
CM

0

in a)
cn •  
c  in O -u
0 c1 —
(0 o
C —1

■M C in
in •— 3
a) c l ■M -a 
C — M-— 3 oto *-
c -- O O 3

3 in
3 O • "3
C i_ C c
CL 3

I
O 3

*3 £ 4-J XJ
C 3 in 3
3 in 3 E

3 cn 3
3 P c r—
3 O 0 M-
0 -Q 0 C

JZ < 1 •—
L. cn
L_ in c *3
3 cn

c
3 
_1

L.
O

Q 3
•3c L- r—

JZ 
4J H- 3

3O
3
3 E «4-

O
•a 3

4-J JO
M-
O

L.
*3

3 14—c1 3m
3
*0

4J
in
0

■3C
*.
|

O CL ->



5TO
aZ

O
L -
4-1
coo vO

-4 •• 1 >-
CL

in
4-> TOx3 *— • •

o cn • • c c 4u a . c 3 o
cn cr\ o•— >- 4-J inX . V) 4-4 TO > .
TO -4" V ) •— L. TOc •— XJ 4-J xcn cn E •— in • ••— XJ _Q •— - 4 XJ
in TO L. c o
in 3 •—■ •—
< • • C f- E l_ . •TO O < TO • • TO in4-J TO TO TO Q_ >-
-4 TO ,,_, 4-J E TO
LA Q cn TO • • M- •— C XI

JO TO o f- oC s— ' CL cn TO. o • TO C 4-1 TO
o •— 3 in o TO TO O
2 to OO o > > JZin o 4-1 •— L. L .
<4- •— > * O TO > TO L-_ E x c o L . L. in TO
TO XJ o •— CQ 3 3 JQO < QQ r-j Q CO O Q

O

LA CA
— CM CA

+ O
+ -4 CM OvO CM CA

+ o
t PA cn

L A CM CM

O O
CM O CO
■— CM CM

o o
rA —- cn ia

— CM

O o
o oo VO

CM CM»■'— * T

O o
a - L A

" " cn CM

O o
vO 4o oo CM

oo
CM

•cn ._.
CM

.. 00in
TO 4
cn 4
c
TO

JZ
o L A

4-J 4

JOcn ia

TO
VO-4

X I
o O

CQ

j z■MTO0)X

(I)in3
TOO

5TOa:

c
o

o
m # o in in
CL CA 4-1 A
3 •— • • TO
O cn

. . c C X
L . C 3 o
cn a . o -4

cn A 4-J in •—
XJ •—■ m 4-* TO A-
TO • in •— L. TO
c 4 XJ 4-1 X
cn cn * i

XJ -Q
in vO X

in •—* TO l_ c o
in 3 •— —

< • . C h- E L . • •
TO o XJ »• TO in
4-J TO TO TO Q- A

CA TO 4-1 E TO
LA Q cn TO • • 4 - C X

JO TO O 1- O
C ^ ^ CL cn —- TO• o • — TO C — 4-J TO

o •— 4-* 3 in o TO TO o
2 m jc OO o ■— > > JZ

in Q 4-J •— L . u
4- *— >» o TO > TO L .

E XJ c O L. i_ in TO
TO XJ o •— CQ 3 3 JQ •—

O < CD A I — 1 Q l/J O O

r». L A 23 CA

Q

vO - 4 22 9 i

+
t4-

L A
CA

CM |2
9

i i

O

- 4
CM O

CM
CO
CM

O

rA
___ cn A-

CM

O

CM O 0 0 VO
CM

o
cn A - LA

CM

o
O 0 0 vO -4

CM

cn

inTOcn
cTO

jCO

JOcn
TO
5
>-*oOCQ

OO
CM

Oro

c
o
E
3TOC
CL

*ac
TO
TOTOO

JZ

TO
a

TOTO
x

TOina
TOCJ P

os
t-

m
or

te
m

 
fi

n
d

in
g

s
: 

A
bo

m
as

um
-n

or
m

al
. 

In
te

st
in

e-
co

n
g

es
ti

o
n

 
P

os
t-

m
or

te
m

 
fi

n
d

in
g

s
:

an
d 

fu
ll

 
of

 
a

ir
. 

L
u

n
g

-c
o

n
g

e
s

ti
o

n
. 

No 
fl

u
id

 
in 

jo
in

ts
.

C
om

m
en

ts
:U

m
b1

1 
ic

al
 

co
rd

 
in

fla
m

ed
 

an
d 

fu
ll

 
of 

pu
s.

 
C

om
m

en
ts

:



2
CO
CC

Coo
03

o• • -4 VI VI
CL 4-J >-3 •— • • COo on • • c C Xl_ a- c 3 o
cn cm O •— -4t— •— >- 4-1 VI *—
XJ • */i 4-J CO >-
<U -4 VI •— 1_ COc • •— XJ 4-1 X
cn cm E •— VI • ••— *— XJ JQ •— -4 Xin CO l_ z — oCO a •— —
< • • c 1— 1 E i_

<U o XJ • • <u VI
4-J <U co <u Cl >-

M3 CO „—„ 4-J E COa cn <0 • • 4— •— c XLA nc: JZ o 0 h- o
c "—■ CL cn •— CO• o • CO c r— 4-j cu

O •— 4-1 a VI o CO CO oz: in !2 LO O — > > JZ</i Q 4J *— L
<4- — >- o co > CU L__ E XJ c <_> L. L_ VI CO
co XJ o •— 02 z> 3 J2 ■—■
o < CQ A4 Q 00 O Q

o
a .

L A

23 CA

t o
- 4 CM O

M 3 •— CN CA

+
+ O
+ CA __ on

l a CN CN

+
+ O
+ CN O oo

- 4 — CN CM

O

CA an a -
■— CN

O
O

o oo M3
CN CN

‘

O t+ a - L Aon — CN

O o
M3 - 4

o CO CN -

cnnc:

v»
O
cn
c<0

JZ
cn

<u
2
>-

Xo02

COCN

CSI

a-
- 4

a -

o
- 4

JZ4J
co<u*a

<u
VI
310o

v»
cn
c

X
c

Ea;
4-J
L .
O
E

VI
OQ.

2<oCC

o
4 Jcoo CM

- 4 VI 1
CL 4-J VI
3
O on c C > -

COL a - c 3 o Xcn on o •— VI
•— > - 4-J > . -4

X » V) 4-J CO co
<u - 4 V) •— L- Xc • •— X 4->
cn on E •— VI -4•— X _Q •— X
VI CO L. c o
VI 3 1 •— •—

< • • c h - E • •
<u o X • • <u VI
4-J <U CO CU Q_ > -

LA CO ,—„ 4-J E 10
LA o cn c0 • • M- •— C X

jC a) O h - o
cr "— Cl cn •— CO

• o • — CO z r— 4J <u
O •— 4-J 3 V) o CO co o

zz V) CO O •— > > JC
VI a 4J *— L. L

M - — > - o CO > <u L
E X c o L I— VI CO

f0 X o »— 02 3 3 J2 •—
o < 02 IN _J Q 00 O Q

O

a * L A CA
CN C A

+
+

M3

O
- 4 CN

CM f t

1
L A

O
CA

CM
an
CM

+

t
- 4 1
2

0

O
CN

CO
CN

++
+

CA

o
on A -

CN

O

CN 10
0

CO M 3
CM

O o
an A - LA

CM

O

O

o
oo M3 - 4

CM

cn
v:

v>
<u
cn
c(0
JZ
u

JC
cn

4)2
>.

XO02

0 0
CN

CN

- 4
- 4

crn
CA

A -

CN
- 4

O

<0a)
xj

<01/1
3
<oo

cncn
c

XJc

0
E1
4-J
V)
o

CL Co
m

m
en

ts
: 

C
om

m
en

ts
:



srooC

c
Oo

a • • in• • in >-
CL 4-j ID3 *— • • Xo cn • • c c
L_ p*- CC 3 o -3"
cn cn o

> . 4-J
X . in 4-j ID m
ID -d - in l_ > -
c • *—■ X 4-J ID
cn cn E • — in X • •

•— X X ) •— X
ID i_ c LA o

in 3 •— •—
< C 1— E L-

a) o 1 X • • ID in
4-J ID ID (D a . > -

oo ID , —^ 4-j E ID
l a Q cn ID • • 4 - •— c X

JC ID o 1— O
CC "— Q . cn •— ID

• o • ,__ ID c ■— 4-J ID
o •— 4-1 3 in o ID ID O

z in 13: CO O •— > > -C
CO Q 4-J •— U

4 — > - u ID > ID L.
r— E X c o u l_ in ID
ID X o •— CQ 3 3 _Q —

O < CQ M _ l O on O Q

LA a
CM IA

-CC 04 O
VO Osl IA

Q
CA _ cn

LA CM CM

++. + 04 O oo
— 04 CM

+
+

A  + .— cn o-.
•— CM

+
++ O CO vO

CM CM
*

+
o -. LA

•— cn 04

o
vD -J -

o CO 04

0 0
CM

• CMcn

in
(D
cn ■Jp
c
10

JC
u

4->
x:
cn r ^ .

ID
5

A
> -

X
o o

CO

C
0

4-J
in
ID • 
c n  in
C  4-J
O c  
u  —
• o

a) — i
c

—  c in
4-J •— 3
in CL
ID X
4-J — 4 -
C  3 O

ID 4 - _
•— •
C —  o 3
o ID Z 4 -
E E
3 L. • X
ID o  c C
C c  o ID
a . i •—

E  4-J X
X 3  in ID
c in  <L) E
ID id  cn ID

E  c r—
ID O O 4 -
ID -Q O C
0 <  1 •—

JC cnl_ c XL- H  3 L_
ID o•— CC o

a
* 3  v . -

• • c IDJC *“  ID u
4-J 4 —
ID _  4 - ,
ID E  o

X 0) JO
4-J ■ E4 - i_  in COO O d +J

a)
E 4 -  C
i a)

in +-* x  E
3 in  cc £
ID O id  O

O Cl.  o

ID
o r:

O
i_4-*c
oo
. . >— m
CL A 4J m
3

cn
. .

o . , c C ID
L-

cn C 3 o X
cn O »—

•Jt* “ •— >S 4-J
in
>-
ID

X

X
ID
c
cn

•
-cf

cn

in
in

* i

4-J

X

ID
!_
4-J
in

•— ■ ” X JO ♦— 00 X
in ID 1_ c o
in 3 «— «—
< c: J- E L- • •

ID o X • • <D in
4-J <D ID ID Q_ >-
ID „__^ 4-J E ID

LA Q cn ID • • 4 - »— £C X
JC a) O t - o

C —1 Q. cn •— ID
* o » ,— ID c 4-J ID

o — 4-J 3 in o ID ID O
cz in OO O ■ — > > JC

in a 4-J •— L- L.
4 - .— >- o ID > <u L.

E X C o u L. in ID
ID X o QQ 3 3 JO •—

<_> < CQ M _J a OO o Q

+
f+

r»- L A 23 ( A

+++
v O J j - 22

5 ++
+

A C M cn
CM

+
+ C M 20

00C M

+
I

I A
cn O '-C M

+4*4*C M O oo

26

++
+ cn r - . 25

o Q

o oo v O C M

cn

in<u
c nc
ID

JCu

JC
on
0)
5
>«

X
o

CO

28

04

-4 -
—-

L A
CM

P^.

A

o

c 
o
■M 
in  0) 
cn  c0 •
(J OT1 *->« c c—

— o
4-»-----,
in0) c
■M—c
—  X  

• 3
1 0 4 -

g o
Q Z
cI •
E r -  310 
in EID L-
E O  
O c

X I i
<  cn  

c  
. .  3  
in —1
c n

*o .EiT
. .  *S«

x :  —
4-J
co 
<D 

XI

ID
a>
o

JC
l .
L.
ID

a)
W
3ID

O

o
E _ _
<U4J-r • •

f 'g  sJJ *—
t >
o  oOu o

JC
4-J
<0ID

X
0)
u
o

4 -
ID

X)
4->C
(D

X)
E
3
O
ID
L .

Xc
ID



2
IDod

O
X  CM
C
oo

00 , . 1
r*~\ in

Q. 4-j in
3 — .. > -
o o>

. . c C ID
i_ C 3 o X
cn r>- o —

CTV 4-1
in

-d"
X I — in 4-1 ID ■—
03 • in •— L_
c -d- XJ 4-J ID
cn • E m X •.

»— <n» X X — X
in ■— 113 L- c r*- o
V) 3 — •—

< C h* 1 E L.
0) o XJ • • 03 in
4-J 03 ID 03 a_ >-o

v£> <v ^ 4-1 E ID
Q cn ID • • M- •— c X

X 0) o I— o
C ^— a cn •— ID

• o • ,— ID c — 4-J 03
O •— 4-J 3 in o <13 ID O

z in Z5 CO O •— > > X
V) Q 4-j L. t_

M— — > - U 03 > 03 u.
e XJ c O l_ u VI iD

ID X I o •— CQ 3 3 X ♦—
O < CQ M -J Q CO o Q

Q

LA cx
CM r x

+
+
+ -d" CM O— — CM CX

t
+ IX cn

LA ’— CM CM

+
+
+ CM O oo- 3 * — CM CM

+

IX r— <T\ r ^ .
*“* ■— CM

o
o CO X

CM CM

+
r-"- X■ “ * CT\ » — CM

o
-d-

o CO CM

2to
cc

c
O

o
-d- 1

• • in in
C l 4-J >■
3 •—> • • ID
O • • c c X
L_ X c 3 o
cn o •— -d-

X ■— > - 4-»
X in 4-J <D in
03 • m — i_ > -
c -d* •— X X ID
cn * E ♦— in X • •

«— X X X •— X
in — ID u c CM o
in 3 •— ——

< • • C 1— 1 E i_ • •
03 o X • • 03 in

4-J 03 ID 03 G _ > >
cn ID , 4 4 E ID
X Q cn ID • • 14- *— C X

X 4) o 1 - o
C v—' Q- X •— ID

• o < r — ID c X 03
o • — 4-J 3 in o ID ID O

X m 00 O •— > > X
in a X »— l_ u

X •— > - u ID > 03 u
_ _ E X c o u l_ in ID
ID X O •— CD 3 3 _o •—

o < CQ CM X Q CO O Q

r ^ . X X
CM X

X
-d *

2
2

X
X

CM 29

-d *
CM

2
0 oo

CM

X
X 27

Q

CM o oo X
CM

J
X

1 ^. X
CM

O

o OO X -d *
CM

CO
CM

01

in
03cn
c<0x
o

X
cn
v2
>•x
o

ca

3
a)c
a.

<o
03X

«
VI3<0O

X •
1 — in
03 3 X
C — c

—  14- •—
X o
in O — V
03 Z
X c
C • ■—

—  c
O •

• •— in
C X 3
O in Q-

CD
x  cn 14—
in c o
03 O
cn o
C 1
O cn 3
u  c M—
1 3
E  _ ! X
3 C
in • ID
ID L_
E  — X
O OJ 03
X E
<  M— ID
. .  o —
in <4-
e rr- c
c —

—  3
x ^ X
c u
.-X 0
14— c o

ID
E -  
w oX 0 . .s
L-'“ in *“
o  £ x  ■“

1
X cn i  £
in C 2
O 8  o
Q- uO

W 
X  XX c cn— — 0— —iinI c <0 c— X
4-j —
V) 3
03 •— •
X  H - X
C X

—  03 ID
> 03

•  •-—
r—  in

X

ID V) 03
E  03 L.
i -  O o
O  X M -
C U L l 03
1

E  •
X

3  C in
in  O •—
cn •— X
E  4-J
O «n c n

X  03 c
<  X •—
• •  c c
in  o 03
0113 
C  I

£

—  c n . H -
x  c
C  3

o

—  X in
u - C

• c n
E  e •—
03 O CO
X  •— •  ♦
L- X in
O  in  x
E  03 c
■ c n  03 

x  C  P  
in  O  E
o  o o

C l.  O



APPENDIX 8 : SUMMARY OF DATA REGARDING

SOURCE. ZST VALUES. WEIGHT CHANGES. GROUP 

ALLOCATION AND TREATMENT OF 20 INDIVIDUAL

CALVES STUDIED IN EXPERIMENT k



EXPERIMENT 4

TREATMENT
150mgm LBC tw ice  d a i ly  

75mgm LBC tw ice  d a i ly

i n 

i n

fe e d ; 

fe e d ;

7 days 

7 days

C a lf
No. Market ZST

Bwt.(Kg) Bw t.(K g) Bw t.(Kg) 
8 -5  16-5  23 -5

Bw t.(Kg) 
30-5

Bwt. (Kg) 
6 -6

W t. 
Ga i n

Hi qh

61 Lanark 39 38 38 38 41 45 + 7
62 Lanark 29 32 33 33 37 41 +9
63 Pa i s iey 23 40 42 39 45 50 + 10

Mean 30.3 3 6 .7 3 7 .7 36. 7 4 1 .0 4 5 .3

1ntermed ia te

64 Lanark 18 33 33 32 36 43 + 10
65 Lanark 15 34 33 32 37 40 +6
66 Pa i s iey 13 35 - - - - -

67 Lanark 12 36 32 - - - -

Mean 14.5 3 4 .5 3 2 .7 3 2 .0 3 6 .5 4 1 .5

Low

68 Pa i s iey 9 30 27 - - - -

69 Pa i s iey 7 37 36 36 41 46 +9
70 Pai s iey 1 32 - - - - -

Mean 5 .7 3 3 .0 3 1 .5 3 6 .0 4 1 .0 4 6 .0

MEAN 1 6 .6  3 4 .7  3 4 .3  3 5 .0  3 9 .5  4 4 .2  8 .5



EXPERIMENT k

CONTROL

C a lf Bwt.(Kg) Bwt. (Kg) Bw t.(Kg) Bw t.(Kg) Bw t.(K g) W t.
No. M arket ZST 8 -5 16-5 23 -5 30-5 6 -6 Ga in

Hiqh

71 Pa i s ie y k \ 35 36 35 37 ko +5
72 Lanark 28 35 31 27 - - -

73 Pa i s 1ey 23 35 3k 32 - - -

Mean 3 0 .7 35 .0 3 3 .7 3 1 .3 3 7 .0 k o .o

1ntermed ia te

7k Lanark 23 k7 k5 k l k k k k -3
75 Lanark 18 38 - - - - -

76 Lanark 13 31 32 30 30 - -
77 Lanark 12 36 3k . - - - -

Mean 16.5 38 .0 37 .0 3 6 .0 3 7 .0 k k .o

Low

78 Lanark k 30 - - - - -

79 Lanark 2 29 28 27 28 - -
80 Lanark 2 32 30 31 30 - -

Mean 2 .7 30 .3 2 9 .0 2 9 .0 2 9 .0

MEAN 16 .6  3 ^ .8  3 3 .8  3 2 .0  3 3 .8  ' k l.Q



APPENDIX 9 (TABLES 61-80) : INDIVIDUAL DATA

SHEETS FOR 20 CALVES USED IN EXPERIMENT 4 . 

INCLUDING INFORMATION REGARDING PRESENCE 

(AND DEGREE) OR ABSENCE OF DIARRHOEA. 

SURVIVAL TIME AND GROSS POST MORTEM FINDINGS

WHERE APPLICABLE.



<DXI2
o

C L

cn
£LAr-~ .

in 
c  > -  
ro ro

-C X )
L Ir^

*• i
in >-
ro— x  ro x  

r ^  i ro 
> -u

ro .— •—
ro c n —  2
L. CM ro *-»

H X  1
X

.  . CM in ro ro
a . CO L I o  ro in
3 * _ — <4- . .
O • . c 2 c ro
L . c 3 L I  O X
cn o 1 »«•

COc n > s X  *J
X in L I ro to in CN
ro c n in — ro u > -
c — ■ — X * * -  L I ro
cn • E 1 in X • •

LA X jQ •  ,  ■-
oo

X
in • ro L_ ?  c o
in c n 3 E CM

< c 1— O  E L_
ro o LO -q • • ro in
4J ro ro ro Cl > •

CM ro , ___ LJ ^E ro
a cn ro . .  14- c X

v£> JZ ro o *h- o
c ' —' CL cn •— ro

■ o • '—. ro c _ _ 4-J ro
O — L I 3 in O ro ro o

z : in l/> O  — > > JZ
in Q  4-1 •— L- L.

M— • — > - O ro ro L-
,— E X c O  L. L. in ro
ro X o ♦— 03 3 3 JZ> •—

o < CQ M _J a OO o Q

\0

LA

O

O

o

c n

oo

no
cn

CN
CN

cn

co

o

vo I

ono

c n
CN

c o
CN

CM

vO
CM

LA
CN

•Cf
CN

cn

inrocn
cro

JZo
4J
-C
cn

ro
2
>>

xo
CQ

OO
CN

f".
n o

CM

n o
n o

ro
ro

CM
ro

o

in
cn

• 5
x  
c-C

-u
roro

x

roV1 
3ro

o

EroLI
l_
0
E
1+->

W
O

Ou

uro
x
5
O

Q -

Cro
£
4J
roro
L.

» -

c nCO

cn
E

LA •
W

c  > .  ro roJCX
L I

r - .»ii n
ro—  

x  ro 
x  

r -  
i ro 
> *o

—  iro 4-i 
x  i

0 0 • • X
• • r o in ro ro
CL 4-1 o  ro
3 •— — 14- • • in
O • • c 2 c > .
L- c n c 3 4-1 o ro
cn O 1 •— in X

c n •— > X 4-j >■
X r— in 4-J ro ro ro 0 0
ro • in — ro L_ X CM
c LA *— X H - 4-J
cn • E •— i in 0 0 • •

• — c n X JO • »— CM X
in ro L. cn c o
in 3 E •— •—•

< • • c h - o E • •
ro o LA X • • ro in
4-1 ro ,— ro ro Q . > -

r— ro ___ _ 4-1 E ro
vO Q cn ro • • M- c X

j = ro o I— o
c —' CL cn ♦— ro

• o « r— ro c _ 4-1 ro
o ■— L I 3 in o ro ro o

z : in I / ) O •— > > JZ
in a 4-1 *— L_ L.

<4- •— > - U ro > ro L..__ E X c o L_ L. in roro X o •— CQ 3 3 -Q • —
o < CQ M __1 Q l n O o

o o
LA

o
r o
CN CO

i
v£>

o
'Jt 2

2

+

+ o o
T r o _ cnLA *“ CM CN

% O O o
+ CM O oo

Jt CN CM

O O o
+

r o j - cn 27

O o o o
o 00 vO

CM CN

O o
+ r-> LA °

— cn CN

o o o O
o CO ND J-

CM

cn

m
rocn
cro

J Z

o

JZ
cn

ro
2
>■xo

CO

00
CN

LA
-d-

-d*
CN

CO
ro

•3-
—

0 0
ro

0 0
ro

o

rorox

ro
in
3roi_>

incnc
X
c

Ero+j
L .
0
E1
Ll
V)

o
Q_ Co

m
m

en
ts

: 
C

om
m

en
ts

:



<u
X3O
Q_

C
<U
E-M
ro
4)
u

h-

Q.
zj
ol_
cn

XJ
<Uc
cn
in
in
<

-d -
vO

cn
fv .
cn

cn

<oQ

o —

<oo
E

XJ<

CO
*

c x
X in

4-1

cz
c ZJ
o•— > -in 4-)
in *—

•— X
E •—

X JZ
to !_

ZJ
c h-
o

<01__v 4-J
cn to

32 JZ
' —1 Ol

• .—-
4-1 ZJ

oo

> . o
X cz
o —

CQ M

cn 
£ •

ia  in 
r v  > -

roc x(0
j z  r v4-1 I 

>•
in  —  
>- ro
(OXX

<D
rv  o
i —
:v3

,—  +j 
— i
ro X  

x  a) 
<u

<U *4—
o

X
<0
<u

cn
E

O
un

<u
cn
ro
in
Oo

o
CQ

c
o
4->
to1_

E
X
(0

<4—
o
c
o

zj
Q

in
>-
ro

X
in OO
>- CM
to

X
00
CM X

o

<L>
<U Q_
E•— CZ

1— o
, 4-1
to to
> >•— L.
> 4)
u in
ZJ JZ

CO

in
>»ro

X
ro
<U
O

JZ

to

o

U0

o

o

o

cn

oo

no.
CM

O
CM
CM

c n

co

MD

o
X

cn
CM

oo
CM

r v
CM

vO
CM

i aCM

zf
CM

cnic;

in
«
cn
c
toJZ
o

JZ
cn
«
5
>*x
o

CQ

X
J t

oo
CM

vO
X

CM

CM
X-dr

33

r v

33

o

in
cn
c

X
• • c

JZ
4 J 4 -
<0
4) E

X 4)4-)
*4— U
o o

E
4J i
in 4-1
ZJ in
<0 o

o a .

1
X
<0<0

<U
X3O
CL.

c
a)
E
4-»
toQ)
L.
h-

(X
CM

cn
E

LTV
l v

C  •
0) in 

j z  > *  
*J ro 

X**
in r v  
>- I 
tO >~ 

x  —

rv to
i x  
>-— <o

— o 
ro —

o X 3• < -d- in 4->
CL 4-> 4)
ZJ *— o • • in
o •. c •— CZ >-L- cz ZJ 3 o to
cn CTvrv o

>-
4-»
1 4-1

X
X CTi in 4-1 X ro in 00
4) ,— m .— o L_ >- CM
c • •— X (U 4-1 (0
cn Lf\ E 4- in X • •

•— • X _Q 1 *— X
m <T\ ro • c oo o
in :j cn .— CM
< .. cz 1— E E

4J o o X • • a in
X 4-J 4J LTV ro <u Q_ >-

to 4-J — E tovO o cn to • • <4— •— C XJZ 4) o h- ocz -—' a. cn — to• o • ■— to c ■— 4—J tu
o .— 4—1 ZJ in o CO (0 o

2 in oo O •— > > JZin cz 4-J •— V- u
4- — >- u to > 4J V-
•— E X c o i_ L- in co
to X o •— CQ ZJ ZJ JQ •—

o < CQ rvi _J cz oo O □

o
r v

o
LA

oX
CM X

+
t

vO

0 0
zz ft

+++lr\
o

X

21
0

29

0

+7

o
CM 20

0 o
oo
CM

o
X

+++ o
cn 27

0

o
CM

+++o o00 o\0
CM

o o
cn !l 

7
I 

0
25
0

o
o

o
oo 16

0 o
j*
CM

cn

in
4J
CD
c
<0

JZ
o

JZcn
a3
>>

X
ocn

oo
CM

oLA

LA-d-__
CM

cn
X

-d-
r~~

CM-d-
rv

o
o

to<0
X

l+-
o
4)m
ZJ
<0O

incn
c

X
c

E
tu
4-»
L_
0
E1
4-J
in
Oa. C

om
m

en
ts

: 
C

om
m

en
ts

:



L_a>
■a
2O

Q_

CDE
LA  • r-> to 

>- 
c to
<U X I 

j z
4-j a -. i
- >~ 

to .—  
>—  (0 to

X  X

I ''-  tu 
I o >— — 2

LA
CA

a .
3
o
L_
cn

x
tu
c
cn
to
to
<

vO
nO

O —

to
t_>

to I
X  X  (0 
(0 cu
U  4 -  . >-

.  . c r — C to
c ZJ 2 o X

CTv
r> -
CA

o

to
to

> •
4-J

4-J
1

X
tu

4-J
to
l_

to
> .
to

CO
CN

o
L A E

X

X

-Q

<U
4 -

1

4-J
to

X

-d“ X

CA <0
3 cn

E
O
LA

a o

c 1— * i L.
(U o X •« (U 10

4-J a ) to <u CL. > -
to 4 J E <U

o cn to • • 4— • — c X
JZ <U o o

c '— ■ a . cn • — to
o • ,—. (0 c r— 4 -j <u

. — 4-J ZJ to o (0 to o
to 23: CO O «— > > JZ
to o 4-J •— L- L .

> - o to > tu L .
E X c o L - L . to to

X o •— CQ ZJ ZJ JD •—
< CQ M — 1 o co O Q

r-» LA CA
CN CA

nQ
J f

2
2 o

tA

L A
PA

CN
CA
CN

Q

-d "
CN

2
0

2
8

1 i i 
....

...
...

...
.

+
+

CA + —- CA

2
7

+
+

CM
O CO

2
6

o

CA
r^ - L A

CN

o

o CO nO J t-
CN

cn

to
<u
cn
c
to

JZu
4-1
JZ
cn
<u
2
>>

x
O

CQ

2
8

CN

-d-
r-“

r-«

LA
CA

o

* IO
V- tO»— <u •
(0 u  to 

X *->4- L<J C
O

• or— C -A_ o
3 — C

4- 4-J —
to

X tu X
c cn —
to C 3

o  —
c U 4-
o 1

• — cn
4-» c
to 3
<D_J

to cn
• — c •
c o
o o •—
§ 1

E
to

<u 3 4 -
c to o
O - to

E I—
X O
c JD 3
to <  4 -

4-j X
tu to c
0 cn tu

*— cCO »—
X to

, . c E
JZ 1_

4-J 4- O

(0 c
<u E 1

<uX a)
4J c . .

4— •“  to
o o t|4J

E to c
V i <u
to 4-J E
3 to C g
to O ”  o

o CL­ O

<u
JD

c
a)

JD
Ea
u
tucC

<u
X2
oa_
4-J
ctu
E
4-»

cn 
E

LA •
a-* to 

s  
c  to
<U X

x: +j
i

*• >- to — 
to to 

X  X

pv a) t u
to L A >-— i
(U 2
L- ■— 4J
1—■ Jj- (0 1

CA • • X  X
•  • to tu
O - 4J <u tu to
3 •— O  4 -  • • > -
o • • c c to

CA C 3 2 o X
c n r^ - o 4J *— to

CA > - 1 4J > * 00
X r— to 4J X tu <0 CN
CU • to •— <u u X
c L A X (U 4J
cn • E — 4 - to CO • •

. — CA X JD 1 •— CN X
to to 1— • c o
to 3 cn • — •—

< c 1— E E s_
<U o o X • • <U to
4J CU LA <0 tu Q- >-

L A
tu ^ 4J •— E tu

Q cn n? ■ • 4 - • — C X
NO J Z <u O K o

C — CL cn • — <u
• o • to c .— 4J <u

o • — 4-J 3 to o to tu o
z (O LO 0 •— > > J Z

to Q 4J •— U L.
4 - — > - u (U > tu L-

E X c O t_ L. to fu
tXJ X o — CQ 3 3 JD « —

t_> < CQ M _ ) Q OO • O Q

+
+

+

L 23
0

CA

+
+
+

NO

+  

2  +

o
CN
CN

o

L A

t
CA +

O

CN
CA
CN

+
+
+

-d "

+

t
CN

O

O
CN

O

OO
CN

+

t
CA

+  
+  

—  +

O

CA

O
A -.
CN

O

CN

O
o 0 0  °

O
NO
CN

O
+

r - .  + L A  °  
CN

O

o

t
+

CO

O

d f
CN

cn
v:

to
<u
cn
c
to

JZ
o

JZ
cn
a>2
>-

x
O

CO

1 
2

8

o
-d -

p -.
CA

CN

CN

-d -
CA

1—

CA
CA

A -.

-d “
CA

O

to 
cn 

i c

•. c
JZ •—
4J
IU

4 -

<U EX <u
4J t •

4 - L. to
O | 4-J

c
0) 1 tu
to 4-J E3 to E
« O O

o a. o



cu
x j
3O D_

cn

cnEA
in

c  in a) >. JZ co
-M X )

CO I >-Nn>— 
XJ—

CD
in x ji
>-(D  — O
«o 3

XJ-M
o 1

• • CA CO CDXJ
a . 4-» O  CD
3 — —  <D . • to
o c n • • c 3 4 - c > -
u in C 3 4J o CD
CD c n o 1 — XJ

r— N XJ ■M
X J « in 4J CD CD cn CO
CD L A CO •— CD >» CN .
c * •—• X J 4 - ■M CD
CD c n E •— 1 CO XJ • •

• — XJ _Q • — XJ
CO tO CD c O o
to 3 E *—* r—- •—

< • . c I - O E L_
CD o A XJ • ■ CD to

4-» CD .— CD <D a . >
CO ,_.. 4J E CO

00 o CD CO -. 4 - •— c XJ
vO JZ CD o H o

c "■— ' CL CD •— CO
• o • r— CD c .—■ -M <D .

O •— 4-1 3 cn o ID CD O
:z : to OO O — > > JZ

CO O 4-1 • — l —
4 - . — > . u CD > CD 1_,— E XJ c o 1_ l_ in CO
CXJ XJ o oo 3 3 JO •—

O < OQ IN —I O l/J O Q

+
A 23 CA

• +
+
+ -4 * CN O

vO — CN CA

+
+
+ CA  ̂ . cn

A -~ CN CN

t
+ CN O CO

— CN CN

+
+
+

CA
— cn • IN

■— CN

Q
O

O CO vO
CN CN

O X
IN A

— cn CN

O +
+ NO -C fo CO CN

CD

10
CD
CD
c«D

-Co

JZ
cn

<D
3

>.XJ
o

CO

CO
CN

CN

IN
CN

O
a

5 <U
— E
4J 3
cn cC
(D CD
CD • cn
SZ co CO
O -MJZ
o c cn
1 — 3
<D O O
£Z • i i —

4-> C XJ
in — CD
CD C
4J XJ •—
c — CO

—  3 4J
CO c

•— • 4- o
c C a
o o o
E — z
3 cn
CD O •
C l- C
Q. CD O

XJ
l —
E -4*

c 3  CO
<0 CO <D

CO
<0 CD
E c

CD 0 O
O J3 O
JZ < «
1_ . .  CD
l_ CO c
CO C n 3
•— C _ 1
o —

# # XJ •
c »~

J Z
4-j 4- CQ
CQ
CD E '+ z
XJ <D O

U • •
4- i_—CO
O O '- 4->

E.p c
cu 1 4 - CD
in 4-1 E
3 cn-2
CD 0 ^ o

<_> Q_ CO ,O

<u
X J
3
o

Q_

CD CN
t_

h -

vO
• • A to
a . 4-»
3 —
O c n • • c
l_ IN CZ 3
c n c n o

• — > -
X J • (O 4-J
CD A to —
c • •— X J
CD c n E •—

►— X J JO
cn CO 1_
10 3

< • . c 1 -
CD o
4-J CD

IN CD ^ v 4-J
vO Q CD CO

JZ
C -— ' CL

• o « .—
o •— -M 3

z c in 3 OO
in

4 - • — N o
— E X J c
CD X J O •—

O < CO IN

I
•

COE
LA  .
in  in  

N 
C  CD 
O XJ 

JZ
-m in

i
»>> 

in —  
> —  
(D CD 

XJXJ

incd I o
- 3
—  4-* 
CO I 

XJXJ
a> <d <u

0 4 - CO
• • N

3 c (0
-M o XJ
1 CO

XJ 4-J N 0 0
CD CQ CD CN
CD l_ XJ

4 - 4-J
1 in A • *
• •— X J

CD c o
p

o E L_
A XJ • • CD CO

CD CD a_ N
E CO

• • 4 - *— c XJ
CD O . 1— o
cn •— CO
co c ,— 4-1 QJ
to o ro CO o
0 •— > > JZ

o 4-J •—• L -
CD > <D L -

o l_ u in (0
CO 3 3 JD •—

Q on O a

7
+

+
+ Q

A 23 A

t
vO

O

22 f t

+
4-

+
+

+ A  T c nA CN CN

+j . J .
1 CN J O 0 0

-z f , + CN CN

+
+ — i c n IN

A + CN

+ t
+

o  i 0 0 vO
CN — CN

+
O

t IN A
— < n  + CN

o +

o
+

CO vO J t
CN

cn

to
O
CD
c
CDJC
o

•M
JZ
CD

<U
3

>-
X J
o

CO

2
8

CN

-3 ‘
’

CN
A

IN

VO
A

O

c
o
E3CD
Ca

XJ
c
CQ

CQCD
O

JZ
1_1_
CQ

CQO
X J

CD
CO
3
CD<_>

• CO 
C_ f lj

—  CD 
CQ C

0
M - O  
O

CD
—  I -  •
—  CD C  
3  >  O

4 - co­
in -M 

X J I in 
C  CD CD 
co c  cn  

3  C
C _ J  o  
o  o— • I
■M L . C  
CO —  CD 
CD CQ £
c n  3  
C 4 -C C  
O  O01 — (0
E  —  -M 
3  3  C
COM-—
<2 O
£  XJ •—|

O  c
JO CO C  
<  —  

c
• *  O X Jin.__
CDm 3  
C  mj_

—  (UN— 
X J CD
c c o— 02 

4 - U1
E  (D 
CD C

4->—  ♦ .  
L -- IJ  lo
0  co 4-» 
£  <D C
1 -M <U

■m c  e
CO—  £
o  o

O - o



<uX)*o
Q-

C0
E+j<0<D

CMro

I
cn
E

U "\
a -
cz • CD in 

JZ  > -  
4-j  ro Xm
W I"'-* 
>- I ro >*

X ) —

a  ̂ ro I XI >-
— cu — — o 
nj —x  2

-M
<0 Iin O X inQ. 4-J — <D >-3 2 <u *• roO cz 4_l 14- C Xi_ CA c 3 1 ocn a-- o x  — COcn •— >» D M CMX — in 4-J 0) to in

a) • in — 4-  L- >-c LA *-— X 1 M rocn • E •— a (/) X • ••— CA X -Q cn •— Xin ro L- E C VO oin 3 o  — —
< • - c I— LA E i_ • •

CD o — X • • ID in4-J ID tO <D A. >•
f0 _ M E roO O cn 10 . .  u- •— C X

a- JZ <D O 1— oC "— CL cn •— ro• o • — ro C w—- 4-J CD
O •— 4-1 3 in O ro 10 O

zz in CO O — > > JZin Q 4J — L.
4 - >- o 10 > <d u—. E X c o  u u in rof0 X o — CQ 3 3 JZ •—
O < CQ A4 _ l Q co O Q

LA CA
■— CM IA

C3
-4 CM O

vO •— CM CA

+
+ CA CA

LA '— CM CM

+
+
+

CM O OO
— CM CM

O

rA — CA A-»
■— CM

o

O 00 vO
CM CM

,r—

O

A - LA' CA CM

o

vO -4
o 03 CM

28

•

Kg CM

inIDcn -4
czroJZu
4-J
JZcn An.
a)3 CMCA>-Xo Oca

to0)o
JZ
v_
L_
(0

JZ
4-j
(0
CDX

IDin
3
10o

<D
cn • c in
O 4J0 c1 —<u o
.E'“*4-J Cin—
CD■MXC——  3
04-o— 0) 4-J >in— 
<D in  
Cnin 
C  <D 
OO0 X
1 txi
E3 •
i n -fO fD
£ £ 0 L-

-Q O <  C i
cn 

m §
?-* 

—  •
x  i_ 
c  —  

— ro

E O o
4-J —  
L.—
0 3 EM-1
•M X  
in  C  
0 fO 

a .

i

i-
(0

X2o
Q_

C(U
E
M
10

cn
E

LA  • r în >- 
C  10 
CDX  

JZ4Jrsi
*>• 

in —  
> • -  10 10 

X X

a - id  l o >—— 5
—  4-JCD A'. 10 1L- X X1- CDA*. in4J <D (D

Q. tA DM— in>»roX
3OL-cn CAÂ
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APPENDIX 10 : SUMMARY OF DATA REGARDING

SOURCE, ZST VALUES, WEIGHT CHANGES, GROUP 

ALLOCATION AND TREATMENT OF 16 INDIVIDUAL

CALVES STUDIED IN EXPERIMENT 5
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APPENDIX 11 (TABLES 81-96) ; INDIVIDUAL DATA

SHEETS FOR 16 CALVES USED IN EXPERIMENT 5 . 

INCLUDING INFORMATION REGARDING PRESENCE 

(AND DEGREE) OR ABSENCE OF DIARRHOEA. 

SURVIVAL TIME AND GROSS POST MORTEM FINDINGS

WHERE APPLICABLE



CD■a
o

Q_

MO
c a

CD
E

LA
a

c  in a) >- 
j z  fa
4-» X

»rv 
in i >- >- fO —-a —

fD
a xt
> - <u — o
*ia i

-d - ,  . X 4->
. . CA in 1 <n
Cl 4-J CD X
zj -  ■ - o CD . . fD
o cz ■— <D C X
u CA C a 2 «+- o
CD a o 4-J >—

CA > - 1 4-J cn CM
X p-— in 4-J X ID
0) • cn <D L . fO
c a X (D 4-J X
cn * * i . — <4- in •  •

LA X JQ 1 •— X
in CM fO U • c CM o
cn ZJ CD ►—

< • • c h - E E • •
CD o o X • • CD cn
4-J <u LA <D CD a . > -
fD ,,_„ 4-J • E fD

8
2

O CD (D • • 4 - •—• c X
JZ O O 1—■ o

C v—' CL cn •— fO
• o • ,___ fD C r — 4-J CD

o .— 4-J ZJ cn o fD fO O
z in on O • — > > JZ

W Q 4-J p— L. L .
u~ p—. >■ o fD > CD u
_ _ E X c o u u in fD
fD X o . — CQ ZJ Z3 JZ

O < CQ rM _ l O on o Q

O

A

o
LA 23 CA

+
+ O
4- J t CM O

\D CM CA

+
+ o f+ CA + CA

LA — CM CM

O o O
CM O OOJ* — CM CM

O O +
CA .— CA Ap— ■— CM

o O
O o CO MO

CM CMr"'

O t o
A LACA CN

O o o
MO -d-o oo CM

cnvr

<n
CDc
fDJZ
a

JZ
cn

a
2
>-*aO

CQ

2
8

CM

o
PA

CA
CM

CM
CA

A -

-Zf-
CA

O

I W1 CD
C

X Ic
JZ  —*

<a<ux
4 -o
v
CD
zj
<0O oa.

L_
a)x2Oa.
co
E
4J
fDd)
h-

O

vD

CD £ •
LA IDr-' >-TOc x
CD

jz a
4J I >-
CD •—  
>-fD fax x <dA" O I •— 
>~2 

r— 4-»— I<ax x  <u
• • C A in <D
CL 4 J CD M— cn
ZJ »—• O • • > -o • • c • — C ID
L - C A CZ z» 2 O X
c n 1 O 4-J p— cn

C A p— >> 1 4-J > - ,—
X cn 4-J X CD fD CN
<u • cn ♦— <D L. X
c A p— X a> 4-J
CD • E p— M - in p *

p— L A X X J 1 -— CM X
cn CM fD L - 0 c o
cn ZJ c n • — p—

< cz 1— E E L- p •
<D O o X p • (D in
4-J <D L A <D <D o _ > »

.— fD _̂s 4-J »— ^E fD
CO Q CD fD - . M— c X

JZ CD O o
CZ v—" Cl CD p — fD

• O • r— fD c p— 4-J <D
o p— 4-1 ZD in o fD <D O

z-z cn on O •— > > JZ
cn Q 4-J - — L - L-

4 - p—- > . u fD > 0) L -
_ E X c O l_ W fD
fD X o CQ Z3 ZJ JO p—

O < CQ CM Q on o CO

XA  +
o

LA CA
CN CA

O
MO

0

_______i
i 2

2

l 9c

o
LA

+

21

0

CA
CM

O
J-

+
CM J

2
0

0 CO
CM

o
CA

_ t 061 A
CM

CD

CM

+
++

O
o

CO

26

O +++6 17
0

LA
CM

O
o

+

CO t 16
0 -3 -

CN

CO
CN

ft
CD CN

z r, -3"CM 1

. .
p. cn
cn CD
<D c
CD - T  CA 1 p—
C ■— X
CD c

JZ JZ  —
u 4-J M—

fD
4-1 A <D E
JZ CA X  <D
CD A 4-J

*4— L_
CD O o
2 E

a> i
>. vD cn 4-j

X CA zj in
o O fU O

CQ c_> a . Co
m

m
en

ts
: 

C
om

m
en

ts
:



cn
E

JC LO
—* IN

21 c
a j

1_ _ c  *
O 4-j  in

X > .
5 •> ID
O in  x

Ol. > -
fD IN

4-J X  1
C > -
TO J N _
E 1 —
4-J > -  fa
to OO X
a) CN •—
i_ <0 QJ

h - in X  U
CO • • »—

• • in a ; 3
a . 4-J O  4-J
3 *— 1 . . in
0 • • c 5  X  c N
i_ cm cz 0 4 -j a j 0 fD
c n rN O 1 a j— X

am »— >« X  *4-4-J
X I ,— in 4-1 <d  <a in ,—
a) • w •— CJ L- > - 04
c in •— X I M— 4J fD
c n • E «— 1 in X • •

• —. LO XJ X I •  . — X
in CN <0 1_ cn  c .— O
in 3 E — CN •—

< c h - 0  e i_
to 0 1 0  x • • a i in
4-j 0 —  <a to CL. > -
to ,,__ 4-1 E fD

0 0 Q cn CO • — c X
JZ to  0 0

c —' CL cn •— fD
• 0 • ,— fD c *— 4-» CL)

O •— 4-J 3 m  0 fO fO O
Z in l/J O  — > > JZ

in Q  4-1 •— U L-
u - > • 0 fU > to L -
—— E X J c O  L- \_ m fD
TO x> 0 »— c a  zj 3 X I -—

0 < CQ M _ 1  Q LO O Q

O 0
LO CO
■— CN c o

O O
J f CN 0

VO r~‘ CN CO

+
+ O O
+ CO cm

LO ■— CN CN

+  . 0 O
+ CN O CO

-J - ■— CN CN

O O
O

r o ■— cm IN
1 ■— CN

O O 0
O CO VO

CN CN1- — 11

0 + 0
T IN LO

■— co CN

0 t 0
+ vo -3*

0 CO CN

2
8

LO
• _  -C f

K
g CN

in O
TO . -4"
cn -d -
c 1 ’
CD

JZ
u

OO
4-J c o
J Z
cn IN

a)
3 rN
> - r o

X
0 O

CQ

incnc
X• • c

JZ •—
4-J 4 -
fOO EX CJ4-1N- L -
O OE
to 1in 4-J3 in<U O

O CL

l_0)
X3o
Q_

4-»
C<D
E
4-J
<0<u
L CO i— ■
\— c o —  3IQ 4-J 

X  1CN in4-J
X in

CL CO a) cd 
0  CD >-

TOZJ M_ •* XO cm • • cz 3 £L . IN c ZJ t  Ocn cm 0 1 ”— in CN•— X  ^ >.
X • in 4-J OJ TO TOCJ IN in — <D Xc 0 •— X 14— *-»cn LO E •— 1 « • •

CN X X) . — CN X
in ID 1_ cn c Om ZJ E *“* •—
< • ■ C f— O E L_

(D O LO • • CJ in
4-J 0 fD CJ CL. SfD „_^ 4-J E TO

ro Q cn ID 14- •— c X
OO JZ QJ O I— 0C v—' CL cn *— ID• O > id cr r— 4-1 CJ
O —— 4-J ZJ in 0 TO ID O
z in IS l/J O  — > > x :

in O 4-J L. s_
M - •— > • u TO > 0) L.

E X c O L. L- in TO
fD X 0 •— CQ ZJ ZJ JO •—

O < CQ M -J Q I/> O Q

t
+

r ^ CO
CN CO

+ +

vO -3 - + CN
CN ft

O

LO

+
+

CO + J
CN

cm
CN

l
-3- 20

+-
H

-

CO
CN

+
+

CO

+ J IN
CN

0
CN

+

S *
0 0  + vO

CN

++
cn+

LO
CN

O
O

t
+

CO
J -3-

CN

I

cn:X
CN

O
CO

cn

CSI
CO

O

m

1 Excjtr —
TO<ux
«+-
O
toma<o

c_>

in
Oa. Co

m
m

en
ts

: 
C

om
m

en
ts

:



cn
£•— LA tn

2: r^- > - +
ro 4- 4-L_ e x  . - f +

<D aj LA CA ___
XJ s z r*'» CM CA
2 4-> 1
O > -

Q_ «>.... + 0
tn — 4-

4-J > - fD 4- -O CM O
c fD X vO ■—■ CM CA
(U X
E CJ
4-J r-> 0 + O
fD 1 — 0 4-
(U > • 2 CA X j - cn
u CM r— 4-J l a w— CM CM

h - • — 1
fD X

,— • • X 0) + O
-3 - tn QJ tn 0 4-Cl 4-J (D 4— > - CM O CO3

O c O C ID
"O

-O CM CM
L_ OX c 3 2 O
O l r ^ O 4-J *— 4.

cn •— > . 1 4-J CM 0 4. 4-
XJ in 4-J X to in I I
a> • in *— 0 L- > - CA T cn T r-^
c r--. *— XJ <u 4-J ID

CM
01 • E 4— tn X • ’
•— LA XJ SJ 1 •— X
tn CM fO t_ • c O 4-
m 3 Ol •“ CM 1— 0 + x v n

< • • c 1— E E L. • • O I 00
(U 0 O X • • CJ tn CM _ CM
4-J <D LA fD QJ Q- > -

vO ID ___ 4 J E fD
00 Q 01 fO • • 4 - •— C X 4-

-C CJ O 1— O 0 X 4-
C v—' CL O l •— fD T r - LA• O • fD C ,— 4-J CJ r — c n CM

0 »— 4-1 3 tn O ID fD O
2 : tn t/> O * — > > JC

tn O 4-1 — I— u 4.
4 - •— > - O ID > CJ L_ 0 4- O

E XJ C O J_ L_ tn fD 4- .3-
fD *0 0 •— CO 3 3 S3 ■— f—\ CO V4J CM

O < CQ CM Q l r> 0 Q L-J p—•

CO
CM

CM
-3- 1

«
O l CM

v :

..
VO tn

tn CA 1 2 ?0) c
O l -O •—
c «— X
fD • • c

JC _c —
0 O 4-J M -

fD
4-1 QJ E
JC X  QJ
O l | S 4-»

t+— u. tn
QJ O  O  4J
2 wmm E  c

QJ l QJ
> * tn 4J E

X 3 in P
0 O fD O  0

CQ O  Ol .  0

u
QJ■a
2
o

Q_

C
QJ
E+j
fD
a)
L.

H

Q .
30
L_
cn

X
qjc01
in
IS)<
LA
CO

CO
CM

I
«

cn
E «

LA in>snj
c - a
ajs:
4-J I 

>■

tn — 
> . (D 
fD X I 

X
a)
ui — 

>>2 
.— -M — I 
fD XJ

O —

fD
O

X QJ
O tn QJ tn
CA 4-J (DM— >*

c nĉ -
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