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abstract

The p u r p o s e  o f  t h i s  e x p e r i m e n t  was t o  d e t e r m i n e  t h e  c o n c e n t r a ­

t i o n s  o f  se rum i m m u n o g lo b u l in s  i n  h e i f e r  c a l v e s  l e f t  w i t h  t h e i r  dams t o  

s u c k l e  f o r  12 t o  26 h o u r s  f o l l o w i n g  p a r t u r i t i o n .  A l l  c a l v e s  were  b o t t l e -  

f e d  one l i t e r  p o o l e d  c o l o s t r u m  a p p r o x i m a t e l y  s i x  h o u r s  a f t e r  s e p a r a t i o n  

f rom  t h e i r  dam s„ The e f f e c t  o f  t h i s  f e e d i n g  on se rum I g  c o n c e n t r a t i o n s  

was a l s o  m e a s u r e d «,

Serum IgG and IgM c o n c e n t r a t i o n s  were  q u a n t i t a t e d  by r a d i a l  

i m m u n o d i f f u s i o n .  N e a r l y  o n e - t h i r d  o f  983 c a l v e s  l e f t  t o  s u c k l e  t h e i r  

dams had v i r t u a l l y  no se rum i m m u n o g l o b u l i n s „ A f t e r  b o t t l e - f e e d i n g ,  

one*- ten th  r e m a in e d  a ga m m ag lobu l ine m ic  L e s s  t h a n  4% of  a l l  c a l v e s  and 

l e s s  t h a n  14% o f  a g a m m ag lobu l ine m ic  c a l v e s  d i e d  b e f o r e  two months o f  

a g e .  A f t e r  b o t t l e - f e e d i n g ,  a v e r a g e  se rum I g  c o n c e n t r a t i o n s  o f  t h e  

c a l v e s  t h a t  d i e d  w ere  s i g n i f i c a n t l y  l o w e r  t h a n  f o r  c a l v e s  t h a t  s u r v i v e d  

two m o n t h s .

The u n e x p e c t e d  low d e a t h  l o s s  among a ga m m ag lobu l ine m ic  c a l v e s  

s u g g e s t s  t h a t  b o t t l e - f e e d i n g  c o l o s t r u m  may be b e n e f i c i a l  t o  t h e  c a l f  

even  i f  no a d d i t i o n a l  c o l o s t r a !  I g 1s a r e  a b s o r b e d . T h i s  a g r e e s  w i t h  

p r e v i o u s  f i n d i n g s  o f  l o c a l  immune a c t i v i t y  o f  c o l o s t r a l  I g  w i t h i n  t h e  

g u t .

v i



CHAPTER 1

INTRODUCTION

The t r a n s f e r  of  p a s s i v e  immunity  f rom m o th e r  t o  young  v i a  t h e  

c o l o s t r u m  h a s  be e n  t h e  s u b j e c t  o f  num erous  s t u d i e s  i n  t h e  l a s t  two 

d e c a d e s » I t s  i m p o r t a n c e  t o  t h e  h e a l t h  o f  t h e  b o v i n e  n e o n a t e  i s  w e l l  

do c u m e n ted .  T h e r e f o r e ,  i t  i s  o f  c o n c e r n  t o  anyone  r a i s i n g  c a l v e s  t h a t  

a s  many a s  p o s s i b l e  a c q u i r e  p a s s i v e  hum ora l  immuni ty  w h ic h  c a n  be q u a n ­

t i t a t e d  by m e a s u r i n g  t h e  se rum i m m u n o g lo b u l in  c o n c e n t r a t i o n .

The p u r p o s e  o f  t h i s  e x p e r i m e n t  was t o  d e t e r m i n e  t h e  o c c u r r e n c e  

o f  hypo-  and a gam m globu l inem ia  i n  c a l v e s  a l l o w e d  t o  r e m a i n  w i t h  t h e i r  

dams t o  s u c k l e  f o r  a p p r o x i m a t e l y  one day p o s t p a r t u m .  S i n c e  i t  i s  com­

mon p r a c t i c e  t o  f e e d  each  c a l f  p o o l e d  c o l o s t r u m  a f t e r  s e p a r a t i n g  i t  f ro m  

i t s  dam when a p p r o x i m a t e l y  24 h o u r s  o l d ,  t h e  e f f e c t  o f  t h i s  f e e d i n g  on 

se rum  I g  c o n c e n t r a t i o n s  was a l s o  e v a l u a t e d .  By a s s o c i a t i n g  t h e s e  r e -  

- s u i t s  w i t h  d e a t h  l o s s e s  i n  c a l v e s  y o u n g e r  t h a n  two m o n th s ,  t h e  p r a c t i c e  

was e v a l u a t e d  and im provem en ts  i n  management were  s u g g e s t e d  b a s e d  on 

p r e d i c t i o n s  s temming f rom t h e  f i n d i n g s .
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CHAPTER 2

REVIEW OF LITERATURE

D u r in g  t h e  l a s t  two d e c a d e s ,  s t u d i e s  h a v e  shown i n c r e a s e d  i n ­

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

newborn c a l v e s  i s  a s s o c i a t e d  w i t h  low se rum im m u n o g lo b u l in  c o n c e n t r a ­

t i o n s  ( 6 , 7* 9? 20) 21, 22, 2 8 ) .  P e n h a l e  e t  a l .  ( 2 2 )  c o n s i d e r e d

c a l v e s  w i t h  se rum  c o n c e n t r a t i o n s  be low 5*0'mg/ml IgG and 1 , 1  mg/ml IgM 

t o  be h y p o g a m m a g lo b u l in e m ic » I n  c o n t r a s t ,  o t h e r  r e s e a r c h e r s  ha ve  r e ­

p o r t e d  t h a t  c a l v e s  w i t h  a combined se rum  IgG and IgM c o n c e n t r a t i o n  l e s s  

t h a n  19 mg/ml were  s u s c e p t i b l e  t o  e x t e n s i v e  m o r b i d i t y  and m o r t a l i t y  

( 7 ,  9 ) .

S i n c e  t h e  b o v i n e  n e o n a t e  i s  v i r t u a l l y  agammag 1 o b u l i n e m i c  a t  

b i r t h ,  a c q u i s i t i o n  o f  a d e q u a t e  amount s  o f  c o l o s t r a l  I g  i s  i m p o r t a n t  t o  

i t s  h e a l t h  and w e l l  b e i n g .  The im m atu re  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  

a b s o r b  t h e  c o l o s t r a l  m a c r o m o l e c u l e s  f rom  t h e  g u t  lumen by p i n o c y t o s i s  

and d i s c h a r g e  them i n t o  t h e  c a l f ' s  c i r c u l a t o r y  s y s t e m  (.13) . These  c e l l s  

a r e  c o n t i n u o u s l y  r e p l a c e d  by m a t u r e  e p i t h e l i a l  c e l l s  i n c a p a b l e  o f  t r a n s ­

f e r r i n g  i n t a c t  c o l o s t r a l  im m u n o g lo b u l in s  ( 3 ) .  At a p p r o x i m a t e l y  one day 

o f . a g e ,  t h i s  r e p l a c e m e n t  i s  c o m p l e t e  and  c e a s a t i o n  o f  I g  t r a n s f e r  

( c l o s u r e )  o c c u r s  ( 2 2 ) .  I n . a  c o n t r o l l e d  e x p e r i m e n t ,  S t o t t  e t  a l . (27 )  

d e t e r m i n e d  t h e  t i m e  o f  c l o s u r e  a v e r a g e s  25 t o  26 h o u r s  p o s t p a r t u m  w i t h  

a s t a n d a r d  d e v i a t i o n  o f  a p p r o x i m a t e l y  f o u r  h o u r s . They found  t h a t  

c l o s u r e  t i m e  f o l l o w s  a no rm a l  d i s t r i b u t i o n  and r a n g e s  f rom  1 2  t o  36

2



3

h o u r s » The r a t e  o f  a b s o r p t i o n  o f  i n t a c t  m a c r o m o l e c u l e s  d e c l i n e s  w i t h  

t i m e  u n t i l  c l o s u r e ,  and f e e d i n g  l a r g e  amounts  o f  c o l o s t r u m  t e n d s  t o  a d ­

v a n c e  t h e  t i m e  o f  c l o s u r e  s l i g h t l y .  The se rum  I g  c o n c e n t r a t i o n  r e a c h e s  

a maximum a t  c l o s u r e ,  a f t e r  w h ich  i t  d e c l i n e s  u n t i l  a c t i v e  s y n t h e s i s  

w i t h i n  t h e  c a l f  b e g i n s  ( 8 , 15, 1 8 ) ,  Thus ,  t h e  age  a t  w h ic h  a c a l f  i s  

f i r s t  f e d  i n f l u e n c e s  t h e  amount  o f  m a t e r n a l  i m m u n o g lo b u l in  i n  t h e  c i r ­

c u l a t i o n  ( 2 8 ) ,  The c o l o s t r a !  I g  c o n c e n t r a t i o n  and t h e  amount  o f  c o l o s ­

t ru m  i n g e s t e d  ha ve  a l s o  b e e n  c i t e d  a s  f a c t o r s  a f f e c t i n g  t h e  se rum I g  

c o n c e n t r a t i o n s  i n  p o s t - c o l o s t r a l  c a l v e s  (4 ,  1 1 ) ,  K ruse  (1 1 )  d e t e r m i n e d  

t h a t  69, t o  787o o f  t h e  v a r i a b i l i t y  i n  p o s t - c o l o s t r a l  se rum I g  c o n c e n t r a ­

t i o n s  i s  due t o  t h e  mass o f  I g  g i v e n  t o  t h e  c a l f ,  t h e  a g e  o f  t h e  c a l f ,  

and t h e  w e i g h t  o f  t h e  c a l f ,  Se lman ,  Me Ewan, and F i s h e r  ( 2 4 )  found  t h a t  

c a l v e s  w h ich  o b t a i n  c o l o s t r u m  by s u c k l i n g  u s u a l l y  a t t a i n  h i g h e r  se rum 

I g  c o n c e n t r a t i o n s  t h a n  t h o s e  t h a t  a r e  b o t t l e - f e d . T h r e e  r e a s o n s  w e re  

p r e s e n t e d  t o  e x p l a i n  t h i s  phenomenon:  c a l v e s  u s u a l l y  s u c k l e  w i t h i n  s i x

h o u r s  p o s t p a r t u m ,  t h e y  u s u a l l y  i n g e s t  more c o l o s t r u m  t h a n  when b o t t l e -  

f e d ,  and t h e  a b s o r p t i o n  p r o c e s s  may be more e f f i c i e n t  when c a l v e s  a r e  

l e f t  w i t h  t h e i r  dams.

The i n c i d e n c e  o f  hypogam m ag lobu l inem ia  i n  h e r d s  i n  wh ich  c a l v e s  

a r e  a l l o w e d  t o  s u c k l e  t h e i r  dams f r e e - c h o i c e  r a n g e s  f rom  207, t o  ov e r  40%, 

a c c o r d i n g  t o  s e v e r a l  s t u d i e s  ( 2 ,  10, 14, 15,  22, 2 3 ) ,  Some r e p o r t s  a t ­

t r i b u t e d  t h i s  h i g h  o c c u r r e n c e  o f  h ypogam m ag lobu l inem ia  t o  a p r e m a t u r e  

l o s s  o f  t h e  a b i l i t y  o f  t h e  i n t e s t i n a l  e p i t h e l i u m  t o  a b s o r b  macromole­

c u l e s  ( 6 , 7, 10, 20, .25), Bu t ,  t h e s e  r e p o r t s  d i d  n o t  a c c o u n t  f o r  t h e  

v a r i a b i l i t y  i n  se rum I g  c o n c e n t r a t i o n s  due t o  known i n f l u e n c i n g  f a c t o r s :



age  o f  c a l f  a t  f e e d in g . ,  amount  o f  c o l o s t r u m  f e d ,  c o l o s t r a l  I g  c o n c e n t r e ^  

t i o n ,  and t h e  f a c t  t h a t  some c a l v e s  may n o t  ha ve  s u c k l e d .

To d e t e r m i n e  w h e t h e r  a c a l f  w i l l  a lw a y s  n u r s e  when g i v e n  t h e  op­

p o r t u n i t y ,  Se lmah,  MeEwan, and F i s h e r  (2 3 )  o b s e r v e d  t h a t  n i n e  ou t  o f  30 

. d a i r y  and b e e f  c a l v e s  d i d  n o t  s u c k l e  t h e i r  dams, o r  s u c k l e d  v e r y  l i t t l e ,  

w i t h i n  e i g h t  h o u r s  p o s t p a r t u m .  T hus ,  t h e r e  i s  no g u a r a n t e e  t h a t  e a ch  

and e v e r y  c a l f  w i t h  a c c e s s  t o  i t s  dam w i l l  a c t u a l l y  i n g e s t  c o l o s t r u m .  

F u r t h e r  i t  was d e t e r m i n e d  t h a t  i n c i d e n c e  o f  hypo-  and a g a m m ag lobu l ine m ia  

i s  h i g h  even  among s u c k l e d  c a l v e s  ( 1 4 ,  1 5 ) ,

From t h e  above  d i s c u s s i o n ,  i t  would  seem t h a t  t h e r e  a r e  f a c t o r s  

w h ich  e f f e c t i v e l y  i n f l u e n c e  t h e  se rum I g  c o n c e n t r a t i o n s  i n  newborn  

c a l v e s  r e c e i v i n g  c o l o s t r u m .  Age o f  t h e  c a l f  a t  t h e  t i m e  o f  f e e d i n g  and 

t h e  amount  o f  c o l o s t r u m  i n g e s t e d  a r e  most  i m p o r t a n t .  I f  each  c a l f  

s u c k l e s  o r  o t h e r w i s e  o b t a i n s  a s u f f i c i e n t  amount  o f  c o l o s t r u m  a s  soon  

a s  p o s s i b l e  a f t e r  b i r t h ,  i t  c a n  be  e x p e c t e d  t h a t  each  c a l f  w i l l  a t t a i n  

a h i g h  l e v e l  o f  p a s s i v e  im m un i ty .



CHAPTER 3

EXPERIMENTAL PROCEDURE

F o r  t h i s  e x p e r i m e n t 9 909 newborn  H o l s t e i n  and 74 newborn G u e rn s ey  

h e i f e r  c a l v e s  w ere  t r e a t e d  a c c o r d i n g  t o  t h e  t r a d i t i o n a l  management  p r o ­

c e d u r e  of  a l a r g e  c o m m e rc i a l  d a i r y .  They r e m a in e d  w i t h  t h e i r  dams u n t i l  

0900 o f  t h e  m o rn in g  f o l l o w i n g  p a r t u r i t i o n  i n  o r d e r  t o  a l l o w  them  t i m e  t o  

s u c k l e  c o l o s t r u m  b e f o r e  b e i n g  s e p a r a t e d , C a l v e s  t h a t  w e r e  b o r n  o n l y  a 

few h o u r s  p r i o r  t o  t h e  0900 s e p a r a t i o n  t i m e  were  l e f t  w i t h  t h e i r  dams an 

a d d i t i o n a l  24 h o u r s  t o  g i v e  them a b e t t e r  o p p o r t u n i t y  t o  o b t a i n  c o l o s ­

t r u m ,  I t  was c a l c u l a t e d  t h a t  most c a l v e s  were  w i t h  t h e i r  m o the r  f o r  12 

t o  26 h o u r s ,  p r o v i d i n g  ample t i m e  t o  s u c k l e  b e f o r e  s e p a r a t i o n ,  w h i l e  a 

few f e l l  on e i t h e r  s i d e  o f  t h i s  r a n g e .

The s e p a r a t e d  c a l v e s  were  p l a c e d  i n  i n d i v i d u a l  pens  and b o t t l e -  

f e d  one l i t e r  of  f r e s h  p o o l e d  c o l o s t r u m  a t  1500 h o u r s .  B e f o r e  f e e d i n g ,  

a b l o o d  sample  was t a k e n  f rom  t h e  j u g u l a r  v e i n  by v e n i p u n c t u r e ,  and a g a i n  

24 h o u r s  l a t e r .  The b l o o d  was a l l o w e d  t o  c l o t ;  t h e  se rum w i t h d ra w n  and 

s t o r e d  f r o z e n .  The a s s a y  f o r  IgG and  IgM c o n c e n t r a t i o n s  was b y " r a d i a l  

i m m u n o d i f f u s i o n  a s  d e s c r i b e d  by F a he y  and MeKeIvey ( 5 )  and m o d i f i e d  by 

S t o t t  e t  a l . (29)»  The se rum I g  c o n c e n t r a t i o n s  were  q u a n t i t a t e d  t o  t h e  

n e a r e s t  0 . 1  m g /m l .

The p r e - f e e d i n g  and p o s t - f e e d i n g  se rum  s a m p le s  a l l o w e d  an e v a l ­

u a t i o n  of  c o l o s t r a l  I g  a b s o r p t i o n  due  t o  c a l v e s  r e m a i n i n g  w i t h  t h e i r  dam s , 

a s  w e l l  a s  t h e  b e n e f i t  r e s u l t i n g  f rom f e e d i n g  c o l o s t r u m  a f t e r w a r d .  To



d e s c r i b e  t h e s e  e f f e c t s 9 t h e  c a l v e s  were  g r o u p e d  a c c o r d i n g  t o  t h e i r  serum 

IgG and IgM c o n c e n t r a t i o n s  a t  t h e  t i m e s  o f  t h e i r  f i r s t  and second  b l e e d ­

i n g s .  Serum IgG c o n c e n t r a t i o n s  w e r e :  0 . 0  t o  1 , 9 ,  2 , 0  t o  3 . 9 ,  4 . 0  t o

5 . 9 ,  6 . 0  t o  1 1 . 9 ,  1 2 . 0  t o  1 7 . 9 ,  1 8 . 0  t o  2 3 . 9 ,  2 4 . 0  t o  2 9 . 9 ,  and g r e a t e r  

t h a n  3 0 . 0  mg/ml^ F o r  IgM, t h e y  w ere  0 . 0  t o  0 . 9 ,  1 . 0  t o  1 . 9 ,  2 , 0  t o  3 . 9 ,

4 . 0  t o  5 . 9 ,  6 . 0  t o  7 . 9 ,  8 . 0  t o  9 . 9 ,  1 0 . 0  t o  1 1 . 9 ,  and g r e a t e r  t h a n

1 2 . 0  m g /m l . F o r  e a c h  I g  c l a s s  and e a ch  b l e e d i n g ,  t h e  number of  c a l v e s ,  

and t h e  p e r c e n t  o f  t h e  t o t a l ,  w i t h  se rum I g  c o n c e n t r a t i o n s  f a l l i n g  w i t h ­

i n  each  g r o u p  was t a l l i e d .  C a l v e s  w i t h  se rum  IgG a n d / o r  IgM c o n c e n t r a ­

t i o n s  f a l l i n g  i n t o  t h e  l o w e s t  g r o u p s  (IgG l e s s  t h a n  2 , 0  mg/ml or  IgM 

l e s s  t h a n  1 . 0  mg/ml) o f  e i t h e r  I g  c l a s s  a t  t h e  t i m e  o f  t h e  f i r s t  b l e e d ­

i n g  were  assumed n o t  t o  h a v e  s u c k l e d  b e f o r e  c l o s u r e .  C o n c e n t r a t i o n s  

w i t h i n  t h i s  r a n g e  have  been  r e p o r t e d  t o  be  r e g u l a r l y  found  i n  t h e  s e r a  

o f  p r e - c o l o s t r a l  c a l v e s  ( 1 2 ,  15, 22, 2 8 ) .

By s u b t r a c t i n g  t h e  p r e - f e d  se rum I g  c o n c e n t r a t i o n  f rom t h e  p o s t ­

f e d  v a l u e ,  t h e  c h a n g e  i n  e a c h  c a l f ' s  se rum  I g  c o n c e n t r a t i o n  due  t o  f e e d ­

i n g  c o l o s t r u m  was m e a s u r e d .  With c a l v e s  t h a t  showed an  i n c r e a s e ,  i t  was 

t e s t e d  f o r  s i g n i f i c a n c e  by a n a l y s i s  o f  v a r i a n c e .  C a l v e s  showing no 

serum IgG n o r  IgM i n c r e a s e  w ere  assumed t o  h a v e  u n d e r g o n e  c l o s u r e  b e f o r e  

b e i n g  b o t t l e - f e d  c o l o s t r u m .  F o r  each  p r e - f e d  se rum I g  c o n c e n t r a t i o n  

g r o u p ,  t h e  p e r c e n t a g e  o f  c a l v e s  f a i l i n g  t o  a b s o r b  a d d i t i o n a l  c o l o s t r a l  

I g  upon f e e d i n g  was d e t e r m i n e d .

The b i r t h d a t e  o f  e a ch  c a l f  was r e c o r d e d ,  a l o n g  w i t h  any d e a t h  

d a t e s  t h a t  o c c u r r e d  b e f o r e  two months  o f  a g e .  U s in g  a n a l y s i s  o f  v a r i ­

a n c e ,  t h e  a v e r a g e  se rum I g  c o n c e n t r a t i o n  o f  c a l v e s  t h a t  d i e d  was



compared  t o  t h a t  o f  t h e  s u r v i v i n g  c a l v e s » A c h i - s q u a r e  a n a l y s i s  was u s e d  

t o  t e s t  f o r  a s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  p e r c e n t a g e  o f  c a l v e s  

t h a t  d i e d  w i t h  low se rum Ig  c o n c e n t r a t i o n s  v e r s u s  t h o s e  w i t h  h i g h  se rum 

I g  c o n c e n t r a t i o n s *



CHAPTER 4

RESULTS

Some 35,2% o f  t h e  c a l v e s  had l e s s  t h a n  2 , 0  mg/ml se rum IgG 

( l o w e s t  g r o u p )  a t  t h e  t i m e  o f  t h e  f i r s t  b lo o d  s a m p l in g  ( T a b l e  1 ) ,  A s im ­

i l a r  p r o p o r t i o n  (35 .7%)  f e l l  i n  t h e  l o w e s t  g r o u p  o f  se rum IgM c o n c e n t r a ­

t i o n s  ( l e s s  t h a n  1 . 0  mg/ml* T a b l e  2 ) ,  T h e r e  w e r e  133 c a l v e s  t h a t  had  an  

e x t r e m e l y  low serum c o n c e n t r a t i o n  o f  one I g  c l a s s ,  b u t  f e l l  i n t o  a h i g h e r  

g r o u p  i n  t h e  o t h e r  I g  c l a s s . Thus ,  415 c a l v e s  (42*2%) w e r e  v i r t u a l l y  

d e v o i d  o f  gam m a g lo b u l in s  o f  one o r  b o t h  c l a s s e s ,  and showed no e v i d e n c e  

o f  s u c k l i n g  any  a p p r e c i a b l e  amount  o f  c o l o s t r u m  d u r i n g  t h e  t i m e  a l l o w e d  

t o  do s o .  The r e m a i n i n g  57,8% had serum IgG and IgM c o n c e n t r a t i o n s  

h i g h e r  t h a n  t h e  l o w e s t  c e t e g o r y  of  each  I g  c l a s s .

Fewer  c a l v e s  had low serum IgG and IgM c o n c e n t r a t i o n s  a t  t h e  

t i m e  o f  t h e  second  ( p o s t - f e d )  b l o o d  s a m p l in g  t h a n  a t  t h e  t i m e  o f  t h e  

f i r s t  ( p r e - f e d )  s a m p l in g  ( T a b l e s  1 and 2 ) .  The mean p r e -  and p o s t - f e d  

se rum IgG and IgM c o n c e n t r a t i o n s  a r e  g i v e n  i n  T a b l e  3 .  One c a l f ' s  p r e -  

and p o s t - f e d  se rum s a m p le s  had 6 3 . 0  mg/ml IgG,  and a few c a l v e s  had b e ­

tw een  5 0 . 0  and 6 0 . 0  mg/ml IgG i n  t h e i r  s e r a .  The maximum IgM.;.'. 

c o n c e n t r a t i o n s  w e re  1 4 . 0  mg/ml ( p r e - f e d )  and 1 5 .0  mg/ml ( p o s t - f e d ) .

Some 285 c a l v e s  (29 ,0%)  d i d  n o t  a b s o r b  m e a s u r a b l e  a d d i t i o n a l  

c o l o s t r a l  I g  f o l l o w i n g  p o o l e d  c o l o s t r u m  f e e d i n g .  I n  c a l v e s  which  a b ­

s o r b e d  some c o l o s t r a l  I g  by b o t t l e - f e e d i n g ,  t h e  a v e r a g e  i n c r e a s e s  i n
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T a b l e  1.  D i s t r i b u t i o n  o f  c a l v e s  a c c o r d i n g  t o  p r e -  and 
p o s t - f e e d i n g  se rum  IgG c o n c e n t r a t i o n s

Serum IgG 
(mg/ml)

P r e - f e e d P o s t - f e e d

0 . 0  -  1 . 9 346 35.2% 117 11.9%
2 . 0  -  3 . 9 56 5 . 7 96 9 . 8
4 , 0  -  5 , 9 33 3 . 4 97 9 . 9
6 . 0  -  1 1 .9 125 1 2 .7 180 1 8 .3

1 2 .0  -  1 7 .9 148 1 5 .1 151 1 5 . 4
1 8 . 0  -  2 3 . 9 127 1 2 . 3 157 1 5 .9
2 4 . 0  -  2 9 . 9 82 8 . 3 93 9 . 5
3 0 . 0  + ./ 72 7 . 3 92 9 . 3

T o t a l s 983 1 0 0 . 0 % 983 1 0 0 . 0 %

T a b l e  2 . D i s t r i b u t i o n  
p o s t - f e e d i n g

o f  c a l v e s  a c c o r d i n g  t o  p r e ­
se rum  IgM c o n c e n t r a t i o n s

and

Serum IgM P r e - f e e d P o s t - f e e d
(mg/ml)

0 . 0  - 0 . 9 351 35.7% 204 2 0 . 8 %
1 . 0  - 1 . 9 99 1 0 . 1 162 1 6 .5
2 . 0  - 3 . 9 228 2 3 . 2 265 2 7 . 0
4 . 0  - 5 . 9 154 1 5 .7 174 1 7 .7
6 . 0  - 7 . 9 72 7 . 3 95 9 . 6
8 . 0  - 9 . 9 43 4 , 4 50 5 . 1

1 0 . 0  - 1 1 .9 28 2 . 8 24 2 . 4
1 2 . 0  + 8 0 . 8 9 0 . 9

T o t a l s 983 1 0 0 . 0 % 983 1 0 0 . 0 %
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T a b l e  3 . S t a t i s t i c a l  d a t a  o f  t h e  p r e -  and 
se rum  IgG and IgM c o n c e n t r a t i o n s

p o s t - f e e d

Mean s . d . c . V

Serum IgG p r e - f e e d 1 1 . 3 11 .9 105.3%
(rag/ml)

p o s t - f e e d 1 4 . 0 1 1 .3 80.7%

Serum IgM p r e - f e e d 2 . 9 2 . 9 1 0 0 . 0 %

p o s t - f e e d 3 . 4 2 . 8 82.4%

serum IgG and IgM c o n c e n t r a t i o n s  w e re  5 , 0  *  4 . 5  mg/ml and  1 . 3  *  1 . 3  m g /m l 9 

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

( p < 0 . 0 0 5 ) ;

No c o r r e l a t i o n s  w e re  found  among t h e  p r e - f e d  se rum  IgG o r  IgM 

c o n c e n t r a t i o n s  and t h e i r  r e s p e c t i v e  i n c r e a s e s  a f t e r  c o l o s t r u m  f e e d i n g
A

( p > 0 » 1 ) .  However 9 t h e  p r o p o r t i o n  o f  c a l v e s  t h a t  f a i l e d  t o  a b s o r b  a d d i ­

t i o n a l  c o l o s t r a l  I g  a f t e r  b o t t l e - f e e d i n g  was s i g n i f i c a n t l y  g r e a t e r  among 

c a l v e s  which  a t t a i n e d  h i g h  se rum I g  c o n c e n t r a t i o n s  by s u c k l i n g  ( p <  0 . 0 0 5 9 

T a b l e  4 ) .  T h i s  p r o p o r t i o n  i n c r e a s e d  a l m o s t  l i n e a r l y  w i t h  i n c r e a s e d  p r e ­

f e d  IgG o r  IgM se rum c o n c e n t r a t i o n .

T h e r e  was no  s i g n i f i c a n t  d i f f e r e n c e  b e tw e en  t h e  p r o p o r t i o n s  o f  

H o i s t e i n s  and G u e r n s e y s  w h ic h  showed a l a c k  o f  s u c k l i n g  (41.5% v e r s u s  

51.4%, p > 0 . 1 ) .  L i k e w i s e ,  t h e r e  was no s i g n i f i c a n c e  b e tw e e n  t h e  p e r ­

c e n t a g e s  o f  H o l s t e i n  c a l v e s  and G u e r n s e y  c a l v e s  showing  no i n c r e a s e  i n  

se rum I g  c o n c e n t r a t i o n s  a f t e r  b o t t l e - f e e d i n g  (28.5% v e r s u s  35.1%, p>  0 . 1 ) .  

W hil e  n e i t h e r  t h e  p r e - f e d  n o r  t h e  p o s t - f e d  serum IgG c o n c e n t r a t i o n s
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T a b l e  4 ,  P r o p o r t i o n  o f  c a l v e s  showing c e s s a t i o n  o f  I g  a b s o r p t i o n  
b e f o r e  b o t t l e - f e e d i n g  c o l o s t r u m  a c c o r d i n g  t o  p r e - f e e d i n g  
se rum  IgG and IgM c o n c e n t r a t i o n s

Serum IgG 
(mg/ml)

% Serum IgM 
(mg/ml)

%

0 . 0  -  1 . 9 1 2 . 1 0 . 0  -  0 . 9 1 6 .2
2 . 0  -  3 . 9 2 1 . 4 1 . 0  -  1 . 9 2 6 . 3
4 . 0  -  5 . 9 2 7 . 3 2 . 0  -  3 . 9 3 3 . 3
6 . 0  -  1 1 .9 3 0 . 4 4 . 0  -  5 . 9 3 5 .1

1 2 . 0  -  1 7 .9 3 6 .5 6 . 0  -  7 . 9 4 1 . 7
1 8 . 0  -  2 3 . 9 3 9 .7 8 . 0  -  9 . 9 3 7 .2
2 4 . 0  -  2 9 . 9 5 6 .1 1 0 . 0  -  1 1 .9 7 1 . 4
3 0 . 0  + 5 0 . 0 1 2 . 0  + 7 5 . 0

A l l  c a l v e s 2 9 . 0 A l l  c a l v e s 2 9 . 0

showed any  s i g n i f i c a n t  b r e e d  d i f f e r e n c e s ,  b o t h  se rum IgM c o n c e n t r a t i o n s  

w e re  h i g h e r  i n  H o i s t e i n s  t h a n  i n  G u e r n s e y s  ( T a b l e  5 ) ,  S i n c e  no c o n ­

c l u s i v e  d i f f e r e n c e s  b e tw e e n  b r e e d s  c o u l d  be  d e m o n s t r a t e d  i n  t h i s  s t u d y ,  

a l l  c a l v e s  w ere  t r e a t e d  a s  one b r e e d .

Dur ing  t h i s  s t u d y ,  38 o f  983 c a l v e s  (3 .9%)  d i e d  b e f o r e  two months  

o f  a g e .  The mean I g  c o n c e n t r a t i o n s  a t  t h e  t im e  o f  t h e  s e c o n d  s a m p l in g  

w ere  s i g n i f i c a n t l y  l o w e r  f o r  c a l v e s  t h a t  d i e d  t h a n  f o r  t h o s e  which  s u r ­

v i v e d  ( T a b l e  6 )» The ag a m m ag lo b u l in e m ic  c a l v e s  had  a g r e a t e r  p e r c e n t a g e  

o f  d e a t h s  t h a n  c a l v e s  w i t h  h i g h e r  c o n c e n t r a t i o n s  o f  c i r c u l a t i n g  immuno- 

c l o b u l i n s  ( p ^  0 . 0 0 1 ,  T a b l e  7 ) .  However ,  72 o f  83 a g a m m ag lobu l inem ic  

c a l v e s  (86 .7%)  s u r v i v e d  l o n g e r  t h a n  two m o n th s .  A s i g n i f i c a n t l y  h i g h e r  

p r o p o r t i o n  o f  G u e r n s e y  c a l v e s  d i e d  com pared  t o  H o l s t e i n s  (12.2% v e r s u s  

3.2%, p^C 0 . 0 5 ) .
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T a b l e  5 ,  C o m p a r i s o n  o f  mean se rum I g  c o n c e n t r a t i o n s  
o f  H o l s t e i n  and G u e r n s e y  c a l v e s

H o l s t e i n
( 9 0 9 )

G u e r n s e y
( 7 4 )

S i g .
D i f f .

Serum IgG • p r e - f e d 1 1 . 3  -  1 1 o7 1 1 . 2  t  1 3 . 8 NS
(mg/ml)

p o s t - f e d 1 4 . 0  -  1 1 . 1 1 3 .8  t  1 3 .1 NS

Serum IgM p r e - f e d 3 . 0  -  3 . 0 2 . 0  t  2 . 3 p<  0 . 0 0 8
(mg/ml)

p o s t - f e d 3 . 5  -  2 . 8 2 . 9  -  2 . 4 p^L 0 . 0 8

T a b l e  6 „ Com par i son  o f  mean se rum  I g  c o n c e n t r a t i o n s  o f  c a l v e s  
d y i n g  b e f o r e  two months o f  a g e  and c a l v e s  s u r v i v i n g  
a t  l e a s t  two months

Dying b e f o r e  
two m os . o ld

S u r v i v i n g  a t  
l e a s t  two mos.

S i g .
D i f f .

N (7=) 38 ( 3 . 9 ) 945 ( 9 6 . 1 )

Mean serum 
(mg/ml)

IgG
8 . 5  t  1 1 .3 1 4 .2  t  1 1 .2 p C  0 . 0 0 2

Mean serum 
(mg/ml)

IgM
2 . 6  -  2 . 9 3 . 5  -  2 . 8 p C 0 . 0 5
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T a b l e  7 .  C om par i son  o f  d e a t h  r a t e s  o f  a ga m m ag lobu l ine m ic  
c a l v e s  and o t h e r  c a l v e s *

Agamm. O t h e r

Died b e f o r e  two months  o l d 1 1 13.3% 27 3.0%

S u r v i v e d  a t  l e a s t  two months 72 86.7% 873 97.0%

T o t a l s 83 1 0 0 . 0 % 900 1 0 0 . 0 %

* Dea th  r a t e  o f  a ga m m ag lobu l ine m ic  c a l v e s  s i g n i f i c a n t l y  g r e a t e r  
t h a n  among o t h e r  c a l v e s  ( p ^  0 , 0 0 1 )



CHAPTER 5

DISCUSSION

A l th o u g h  t h e  d e s i g n  o f  t h e  e x p e r i m e n t  d i d  n o t  p e r m i t  an e x a c t  

d e t e r m i n a t i o n  o f  t h e  p r o p o r t i o n  o f  c a l v e s  w h ic h  d i d  n o t  s u c k l e ,  i t  i s  

e v i d e n t  t h a t  30 t o  40 p e r c e n t  o f  c a l v e s  l e f t  w i t h  t h e i r  dams d i d  n o t  

o b t a i n  s u f f i c i e n t  c o l o s t r u m  t o  p r o v i d e  any  d e g r e e  o f  p a s s i v e  immunity  

above  t h a t  n o r m a l l y  found  i n  c a l v e s  a t  b i r t h  ( T a b l e s  1 and 2 )„  With a 

l a r g e  number o f  c a l v e s  i n v o l v e d ,  t h i s  c om pares  f a v o r a b l y  w i t h  p r e v i o u s  

r e p o r t s  i n  w h ich  20 t o  40 p e r c e n t  o f  c a l v e s  g i v e n  t h e  o p p o r t u n i t y  t o  

s u c k l e  were  o b s e r v e d  n o t  t o  do so ( 2 ,  IQ, 15, 22,  2 3 ) .  The r e s u l t s  o f  

t h e  p r e s e n t  s t u d y  may be p a r t i a l l y  e x p l a i n e d  by t h e  f a c t  t h a t  some 

c a l v e s  w ere  b o r n  c l o s e r  t o  t h e  t i m e  o f  s e p a r a t i o n  f rom t h e i r  dams t h a n  

o t h e r s .  A l th o u g h  t h e s e  c a l v e s  would  n o t  h a v e  had as  much c h a n c e  t o  

s u c k l e ,  t h e y  would more l i k e l y  r e t a i n  some c a p a c i t y  t o  a b s o r b  c o l o s t r a l  

I g  when b o t t l e - f e d  l a t e r .  T a b l e  4 shows t h a t  t h i s  w as ,  i n  f a c t ,  t h e  

c a s e .  I t  a p p e a r s  t h a t  f e e d i n g  c o l o s t r u m  t o  c a l v e s  a l l o w e d  t o  r e m a in  

w i t h  t h e i r  dams b e n e f i t t e d  p r o p o r t i o n a l l y  more hypogam m aglo bu l in em ic  

c a l v e s  t h a n  no rm a l  ones  t h r o u g h  an i n c r e a s e  i n  se rum I g  c o n c e n t r a t i o n s .

T h e r e  were  83 c a l v e s  w h ich  w ere  a g a m m ag lobu l ine m ic  a t  t h e  t im e  

o f  t h e  second  b l e e d i n g . E v i d e n t l y ,  t h e s e  d i d  n o t  s u c k l e  even  when g i v e n  

ample t i m e  t o  do so ,  n o r  were  t h e y  a b l e  t o  a b s o r b  c o l o s t r a l  I g  on b o t t l e -  

f e e d i n g .  Among c a l v e s  showing i n c r e a s e d  se rum I g  c o n c e n t r a t i o n s  r e s u l t ­

i n g  f rom c o l o s t r u m  f e e d i n g ,  n o t  a l l  c o u l d  be  c o n s i d e r e d  t o  ha ve  a c q u i r e d

14
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a d e q u a t e  l e v e l s  o f  p a s s i v e  im m un i ty .  The mean serum I g  i n c r e a s e  due  t o  

f e e d i n g  c o l o s t r u m  ( 5 . 0  mg/ml IgG and 1 . 3  mg/ml IgM) was no g r e a t e r  i n  

a ga m m ag lobu l ine m ic  c a l v e s  t h a n  i n  t h o s e  w h ic h  had h i g h  se rum  I g  c o n c e n ­

t r a t i o n s  a f t e r  r e m a i n i n g  w i t h  t h e i r  dams.  T hus ,  c a l v e s  w h ich  were  

ag a m m ag lobu l inem ic  b e f o r e  b o t t l e - f e e d i n g  t e n d e d  t o  h a v e  low serum I g  

c o n c e n t r a t i o n s  a f t e r  f e e d i n g .  T h i s  i s  e x p e c t e d ,  s i n c e  f e e d i n g  p r o b a b l y  

o c c u r r e d  n e a r  o r  a f t e r  t h e  t i m e  o f  c l o s u r e ,  which  c a n  o c c u r  a s  e a r l y  a s  

12 h o u r s  p o s t p a r t u m ' i n  some c a l v e s  ( 2 7 ) .  T h e r e f o r e ,  many hypogamma- 

g l o b u l i n e m i c  c a l v e s  b e n e f i t  l i t t l e  or  n o t  a t  a l l  f rom  d e l a y e d  c o l o s t r u m  

f e e d i n g  w i t h  r e g a r d  t o  s y s t e m i c  im m u n i t y .

One would  e x p e c t  a h i g h  d e a t h  l o s s  a s s o c i a t e d  w i t h  t h i s  t y p e  o f  

m anagement , b a s e d  on e a r l i e r  r e p o r t s  ( 7 ,  9, 2 5 ) .  Bu t ,  o f  t h e  83 c a l v e s

which  were  v i r t u a l l y  a g a m m ag lobu l ine m ic  a t  t h e  t i m e  o f  t h e  s econd  b l e e d ­

i n g ,  o n l y  13.7% a c t u a l l y  d i e d  w i t h i n  two months o f  b i r t h  ( T a b l e  7 ) .
r  .

P r e v i o u s  r e p o r t s  have  s t a t e d  t h a t  o v e r  60% o f  a gam m ag lobu l inem ic  c a l v e s  

r a i s e d  i n  i n t e n s i v e  h o u s i n g ,  a s  i n  t h e  p r e s e n t  e x p e r i m e n t ,  e i t h e r  d i e  

o f  n e o n a t a l  d i a r r h e a  o r  r e q u i r e  t r e a t m e n t  f o r  i t  (9, 2 5 ) .  C a l v e s  i n  

t h e s e  s t u d i e s  were  d e p r i v e d  c o l o s t r u m  f rom  t h e  moment o f  b i r t h ,  w h i l e  

i n  t h e  p r e s e n t  e x p e r i m e n t  a l l  c a l v e s  were  b o t t l e - f e d  c o l o s t r u m .  The 

c o l o s t r u m  g i v e n  a l l  c a l v e s  a f t e r  r em ova l  f rom t h e i r  dams may have  a c t e d  

a t  t h e  s i t e  o f  b a c t e r i a l ,  and v i r a l  i n v a s i o p  i n  t h e  lumen  o f  t h e  g u t  t o  

p r e v e n t  e p i t h e l i a l  d e s t r u c t i o n ,  a s  s u g g e s t e d  by Logan and P e n h a l e  (.17) 

and Logan e t  a l . ( 1 9 ) .  S i n c e  t h i s  t y p e  o f  l o c a l  immune a c t i o n  i s  i n d e ­

p e n d e n t  o f  i n t e s t i n a l  Ig  a b s o r p t i o n ,  c a l v e s  t h a t  d i d  n o t  s u c k l e  b e n e -  

f i t t e d  f rom f e e d i n g  c o l o s t r u m ,  even  a f t e r  c e s s a t i o n  o f  I g  a b s o r p t i o n .
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F u r t h e r m o r e 9 B a r b e r  (1 )  p o i n t s  ou t  t h a t  good management  p r a c t i c e s  may 

overcome t h e  e f f e c t s  o f  low se rum I g  c o n c e n t r a t i o n s *

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  G u e rn s ey  c a l v e s  s u f f e r e d  a 

p r o p o r t i o n a t e l y  h i g h e r  d e a t h  l o s s  t h a n  H o l s t e i n s . W hi le  i t  c a n n o t  be 

c o n c l u d e d  t h a t  t h i s  was r e l a t e d  t o  t h e  s i g n i f i c a n t l y  l o w e r  serum IgM 

c o n c e n t r a t i o n s  found  i n  G u e r n s e y s  ( T a b l e  5 ) ,  Logan and P e n h a l e  (16 )  

h ave  n o t e d  a r e l a t i o n s h i p  b e tw e e n  low serum IgM and i n c r e a s e d  s u s c e p ­

t i b i l i t y  t o  c o l t  i n f e c t i o n .

The r e s u l t s  p r e s e n t e d  i n  T a b l e  6  i n d i c a t e  t h a t  a h i g h  c o n c e n ­

t r a t i o n  o f  c i r c u l a t i n g  i m m u n o g lo b u l in s  may r e d u c e  d e a t h  l o s s e s  by 

i n c r e a s i n g  r e s i s t a n c e  t o ,  o r  r e c o v e r y  f rom ,  n e o n a t a l  d i s e a s e s .  A l ­

th o u g h  a c a l f  g i v e n  c o l o s t r u m  soon  a f t e r  p a r t u r i t i o n  w i l l  a b s o r b  some 

I g ,  n o t  a l l  c a l v e s  o b t a i n  c o l o s t r u m  soon  enough when l e f t  t o  s u c k l e ;

T h i s  may be  due  t o  i n a c c e s s a b i l i t y  o f  t h e  d a m 's  u d d e r  o r  l a c k  o f  v i g o r  

i n  t h e  c a l f ,  a s  o b s e r v e d  by Se lman e t  a l »  ( 2 3 ) .  As a r e s u l t ,  hypo ­

gam m ag lobu l inem ia  o c c u r s  i n  c a l v e s  l e f t  t o  s u c k l e ,  and r e m a i n s  i n  some 

c a l v e s  e ven  when b o t t l e - f e d  c o l o s t r u m  a f t e r w a r d .

An a l t e r n a t i v e  i s  t o  b o t t l e - f e e d  c o l o s t r u m  a s  soon  a f t e r  b i r t h  

a s  p o s s i b l e  i n  o r d e r  t o  p r o v i d e  c i r c u l a t i n g  i m m u n o g lo b u l in s  and t o  p r e ­

v e n t  b a c t e r i a l  o r  v i r a l  damage t o  t h e  g u t  e p i t h e l i u m  t h r o u g h  l o c a l  im­

mune a c t i o n  i n  t h e  i n t e s t i n a l  lumen .  A f t e r  t h i s  f e e d i n g ,  t h e  c a l v e s  

may be l e f t  t o  s u c k l e  t h e i r  dams t o  i n c r e a s e  se rum I g  c o n c e n t r a t i o n s  

above  t h o s e  n o r m a l l y  a t t a i n e d  by b o t t l e - f e e d i n g .  T h i s  p r a c t i c e  s h o u l d  

p r o v i d e  a h i g h  d e g r e e  o f  b o t h  e n t e r i c  immune p r o t e c t i o n  and s y s t e m i c  

immunity  t o  a l m o s t  a l l  c a l v e s  i n  a d a i r y  h e r d .  I t  w ould  t h e r e f o r e  be 

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