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GENERAL INTRODUCTION



The o b je c t  o f  t h e  work descr ibed  in t h i s  t h e s i s  was to  i n v e s t i g a t e  

the manner in which c a t t l e  respond to  in f e c t i o n s  w i t h  th e  trematode  

p a r a s i t e  F as c io la  h ep at ica  commonly designated the common l i v e r  f l u k e .

I t  is  perhaps apt  to  begin w i t h  a d e s c r i p t io n  o f  th e  l i f e  c y c le  o f

t h i s  p a r a s i t e  F, h e p a t i c a .  The e x is te n c e  o f  worms termed ' f l o k e s '  had been

recorded in th e  l i v e r  o f  diseased sheep in th e  l 6 t h  cen tu ry  ( F i t z h e r b e r t  

1534 ) ,  The complex l i f e  c y c le  in v o lv in g  i t s  in t e r m e d i a t e  host ,  a s n a i l ,  

was pieced t o g e t h e r  by v a r io u s  i n v e s t ig a t o r s  over th e  next  4  c e n t u r ie s  

and was f i n a l l y  completed by the  i n v e s t i g a t i o n  o f  K r u l 1 and Jackson ( 19 43 ) .  

The sequence o f  d i s c o v e r ie s  which e l u c i d a t e d  t h e  l i f e  c y c le  o f  F. hepat ica  

have been comprehensive ly reviewed by P a n t e lo u r is  (1965)  and Reinhard

( 1967) .  The l i f e  c y c le  o f  F. hepat  i ca develops as f o l l o w s .

Eggs a re  produced by mature p a r a s i t e s  in th e  b i l e  ducts o f  the  

f i n a l  host .  These eggs a re  passed out  o f  th e  host  in th e  faeces and

under s u i t a b l e  c o n d i t io n s  hatch t o  r e le a s e  a f r e e  swimming form, the

mi rac i dium. The fu n c t io n  o f  th e  miracid ium is to  f i n d  and in f e c t  th e  

in t e rm e d ia t e  h ost .  A mud s n a i l ,  Lymnaea t r u n c a t u l a  is th e  in te r m e d ia te  

host  in Great  B r i t a i n .  In th e  i n t e r m e d ia t e  host  3 stages develop,  the  

mirac id iu m  develops in to  the  next  stage a sporocyst  which is v i r t u a l l y  a 

sac l in e d  w i th  germinal  c e l l s .  The next s tage ,  th e  r e d ia e  develop from 

th e  sporocyst  and m ig r a te  from the pulmonary chamber t o  t h e  l i v e r  o f  the  

s n a i l .  The re d ia e  can develop in two ways, in to  a f u r t h e r  gen e ra t io n  o f  

re d ia e  or  in to  c e r c a r i a e .  The c e r c a r i a e  emerge from the  in te r m e d ia te  host ,  

f i n d  a s u i t a b l e  s i t e  such as a blade  o f  grass ,  and t h e r e  encyst t o  form 

m e ta c e r c a r ia e .  The m e t ac erc a r ia e  a re  ingested by a s u i t a b l e  host ,  excyst  

in th e  a l im e n t a r y  t r a c t  l i b e r a t i n g  a j u v e n i l e  f l u k e .  Th is  then migrates  

through the  w a l l  o f  t h e  a l im e n t a r y  t r a c t  across t h e  per i toneum and through  

the  l i v e r  to  a f i n a l  lo c a t io n  in the b i l e  ducts o f  th e  host .  Here the  

p a r a s i t e s  become mature and produce eggs.



The c o n d i t io n s  necessary f o r  th e  successful  development o f  each 

stage o f  t h e  p a r a s i t e  have been reviewed by P a n t e l o u r i s  (1965)  but  

under optimum c o n d i t io n s  in t h e  la b o r a t o r y  i t  takes  7 -9  weeks from th e  

shedding o f  an egg to  the  l i b e r a t i o n  o f  c e r c a r i a e  from an i n f e c t e d  s n a i l .

I t  req u i re s  6 - 8  weeks a f t e r  i n f e c t i o n  o f  a s u i t a b l e  host  f o r  the mature  

p a r a s i t e  to  m ig ra te  t o  t h e i r  f i n a l  lo c a t io n  in th e  b i l e  ducts and a 

l a r g e  p r o p o r t io n  o f  t h i s  p er io d  is spent m ig ra t in g  in th e  parenchyma o f  

th e  1 i v e r .

The e a r l i e s t  a v a i l a b l e  d e s c r i p t io n  o f  a disease  ass o c ia te d  w i th  

l i v e r  f l u k e  was recorded in England by F i t z h e r b e r t  (1534)  who descr ibed  

t h e  c l i n i c a l  s igns o f  a wast ing  d isease  in sheep a s s o c ia te d  w i th  th e  f in d i n g  

o f  f lu k e s  in t h e  l i v e r .  A s i m i l a r  disease was described  in sheep in 

France by De B r îe  ( 1 5 4 1 ) .  L i v e r  f lu k e s  were not  recorded as being  

as s o c ia te d  w i t h  a d isease  o f  c a t t l e  u n t i l  W i l l u s  (1674 )  descr ibed  f i n d i n g  

f l u k e s  in th e  l i v e r s  o f  c a t t l e  in Seelund.

Davaine (1877)  reviewed th e  l i t e r a t u r e  concerning repor ted  outbreaks  

o f  f a s c i o l i a s i s  over t h e  p rev io us  t h r e e  c e n t u r i e s ,  descr ib ed  th e  c l i n i c a l  

signs a s s o c ia te d  w i th  F. hep a t ica  i n f e c t i o n s  in sheep and c a t t l e ,  

in c lu d in g  th e  o b s erva t io n  t h a t  th e  disease occurred much less f r e q u e n t l y  

in c a t t l e  than in sheep and was r a r e l y  seen in c a t t l e  over  2 years o ld .

The c l i n i c a l  s igns as descr ibed  by Davaine (1877)  were d u l ln e s s ,  

inappetance ,  p a l l o r  o f  th e  mucous membrane, and subcutaneous oedema, a 

d e s c r ip t io n  o f  chron ic  f a s c i o l i a s i s  which a p p l i e d  to  th e  sheep could  not  

be improved upon in th e  presen t  day.

In B r i t a i n  however, a t  the end o f  the 19th c e n t u r y ,  the on ly  

c l i n i c a l  s igns a t t r i b u t a b l e  to  f l u k e  i n f e c t i o n  in th e  bovine as descr ibed  

in a t e x t  book o f  c a t t l e  disease  (S tee l  1895) were those o f  a t r a n s i e n t  

j a u n d ic e  due i t  was thought t o  th e  occ lu s io n  o f  th e  common b i l e  duct by f lu k e s



A c l i n i c a l  d e s c r i p t i o n  o f  f a s c i o l i a s i s  in c a t t l e  d id  not become 

g e n e r a l l y  a v a i l a b l e  in B r i t a i n  t i l l  th e  p u b l i c a t i o n  o f  an Engl ish  

t r a n s l a t i o n  o f  a French p a r a s i t o l o g y  t e x t  book (Neuman 1905) .  I t  

noted t h a t  th e  disease  in c a t t l e  was r a r e l y  f a t a l  but th e  f a t a l  d isease  

was as s o c ia te d  w i t h  marked wast in g  and d ia r r h o e a .  I t  a lso  s t a t e d  

t h a t  severe l i v e r  damage as s o c ia te d  w ith  l i v e r  f l u k e s  was found a t  

s la u g h te r  in th e  l i v e r s  o f  c a t t l e  which did not show c l i n i c a l  s igns o f  

t h e  disease during l i f e .

L i t t l e  was added to  these  c l i n i c a l  d e s c r i p t i o n s  o f  the  disease  over  

the  next  50 years  and th e  c l i n i c a l  s igns were recorded as loss o f  w e ig h t ,  

anaemia and ch ron ic  d ia r rho e a  by a standard  v e t e r i n a r y  t e x t  book in 19&3 

(Blood and Henderson) . I t  was on ly  r e c e n t ly  t h a t  Reid,  Armour, Jennings 

K i r k p a t r i c k ,  Urquhar t  (19&7) showed t h a t  th e  d ia r rh o e a  described  in cases 

o f  c a t t l e  f a s c i o l i a s i s  was in ac tu a l  f a c t  due t o  a concurrent  i n f e c t i o n  

w i t h  th e  g a s t r o - i n t e s t i n a l  nematode O s te r ta g i  o s t e r t a q i . The c l i n i c a l  

signs a t t r i b u t a b l e  s o l e l y  in i n f e c t i o n  w i th  F. h e p a t ic a  in c a t t l e  were 

f i n a l l y  d e f in e d  by Ross (1966a)  Reid (1968)  as p r o g r e s s iv e  loss o f  w e ig h t ,  

anaemia and hypoalbuminaemia.  Diarrhoea  was not recorded in any o f  

these  c a t t l e  nor was subcutaneous oedema. The c l i n i c a l  s igns were 

as so c ia te d  w i th  th e  presence o f  a d u l t  f lu kes  in t h e  b i l e  ducts and became 

apparent  from 12 weeks a f t e r  i n f e c t i o n  onwards. The r e l a t i o n s h i p  

between t h e  development o f  c l i n i c a l  s igns ,  the  a n i m a l ' s  acq u i red  f l u k e  

burden and i t s  n u t r i t i o n a l  s t a t u s  has been discussed by Reid,  Doyle,  

Armour, Jennings (1972 )  where i t  was proposed t h a t  moderate burdens 

(100 -  300 f l u k e s )  may o n ly  r e s u l t  in c l i n i c a l  s igns o f  f a s c i o l i a s i s  i f  

t h e  animal is a lso  on low p lane o f  n u t r i t i o n .



4

The c l i n i c a l  disease  in c a t t l e  is predominan t ly  ch ro n ic  in n a tu re  

and on ly  sporadic  cases o f  a cu te  or  subacute f a s c i o l i a s i s  have been 

rep o r ted  where h e a v i l y  in f e c t e d  exper imental  ca lves  ( 1 ,5 0 0  -  20 ,000  

m e t a c e rc a r ia e )  have died  3-10 weeks a f t e r  i n f e c t i o n  w i t h  severe l i v e r  

damage a t t r i b u t a b l e  t o  l a r g e  numbers o f  m ig ra to ry  immature f lu k e s  

(Boray 1967, Ross 1967a ) .

The many experiments concerning proposed mechanisms f o r  the  

pathogenic e f f e c t  o f  F. hep a t ica  in chro nic  i n f e c t i o n s  o f  animals have 

been e x t e n s i v e l y  reviewed dur ing th e  l a s t  ten years by T a y l o r  (1964)

Dawes and Huges (1964 )  P a n t e lo u r is  ( I 9 6 5 ) S i n c l a i r  ( I 9 6 7 ) Boray ( I 96 9 )

Dawes and Hughes (1970)  but o n ly  over th e  la s t  t h r e e  years  has c o n c lu s ive  

evidence  become a v a i l a b l e  t o  d e f in e  several  aspects o f  th e  pathogenesis o f  

F. h ep at ica  i n f e c t i o n s  In sheep and r a b b i t s .

The p r i n c i p a l  f a c t o r  in th e  a e t i o l o g y  o f  th e  anaemia o f  chron ic

5i
f a s c i o l i a s i s  in sheep and r a b b i t s  has been shown using Cr l a b e l l e d

e r y t h r o c y t e s  t o  be a marked loss o f  e r y t h ro c y t e s  from th e  c i r c u l a t i o n

v i a  th e  b i l e  in to  th e  gut presumably due to  th e  fee d in g  a c t i v i t i e s  o f  th e

f l u k e s  (Holmes, Darg ie ,  Maclean,  M u l l ig a n  1968, S e w e l l ,  Hammond, Dinning

1968 , S i n c l a i r  1971c ) .  I t  had p re v io u s ly  been shown by Todd and Ross

( 1966 ) t h a t  th e  caecal conten ts  o f  f lu k e s  conta in ed  such l a r g e  amounts o f

breakdown products o f  haemoglobin t h a t  they could  on ly  r e s u l t  from th e

in g e s t io n  o f  whole blood by th e  f l u k e s .  This hypothes is  rece ived

f u r t h e r  s u b s t a n t i a t i o n  when i t  was found t h a t  caecal  m a t e r ia l  In f lu k e s

59taken from sheep w i th  Fe in t h e i r  plasma co n ta in ed  l a r g e  amounts o f  th e  

r a d i o a c t i v e  i ron  in the  form o f  oxyhaemoglobin.  S tud ie s  o f  the  metabol ism  

o f  ^^Fe (Symons and Boray 1968, Darg ie and M u l l ig an  1970) showed the r a t e  

o f  e r y th r o p o e s is  in c l i n i c a l l y  i n f e c t e d  sheep and r a b b i t s  had reached a 

maximum b e fo re  th e  anaemia developed and t h a t  t h e r e  was no ev idence  to



s

support  the view t h a t  dyshaemopoesis is the major  f a c t o r  in the  

a e t i o l o g y  o f  t h e  anaemia o f  chron ic  f a s c i o l i a s i s  as proposed by S i n c l a i r  

(1964 )  and Sewell  ( I 9 6 6 ) .

Th is  loss o f  blood in to  t h e  b i l e  ducts has a l s o  been shown to  be 

t h e  p r i n c i p a l  f a c t o r  in th e  a e t i o l o g y  o f  the  hypoalbuminaemia ass o c ia te d  

w ith  ch ro n ic  f a s c i o l i a s i s  and i n f e c t e d  animals a r e  markedly h y p e r c a t a b o l 1c 

w i t h  regards t o  albumin metabolsim.  ( D a r g ie ,  Holmes, MacLean, M u l l iga n  

1968a ) .  The hypoalbuminaemia o f  ch ro n ic  f a s c i o l i a s i s  t h e r e f o r e  Is due to  

exces s ive  loss by leakage in to  th e  b i l e  ducts a s s o c ia t e d  w i t h  hyperproduct ion  

o f  albumin r a t h e r  than a f a i l u r e  o f  product ion due t o  l i v e r  damage as 

p r e v io u s l y  supposed ( S i n c l a i r  I 9 6 7 ) .  The simultaneous use o f  r a d i o a c t i v é ly  

l a b e l l e d  e r y t h r o c y t e s  and albumin in f l u k e  i n f e c t e d  r a b b i t s  (D arg ie ,

Holmes, MacLean, M u l l ig a n  1968b, Dargie  and M u l l ig a n  1971) has shown 

c o n c l u s i v e ly  t h a t  hyperca tabo l ism  o f  these  c o n s t i t u e n t s  was due to  t h e i r  

loss in to  t h e  gut and thus o n ly  became apparent  a f t e r  t h e  a d u l t  f lu k e s  had 

e n te red  th e  b i l e  ducts.

Nansen (1970)  in a study o f  th e  metabol ism o f  th e  va r io u s  subclasses  

o f  bovine IgG descr ib ed  t h e  a c c e l e r a t e d  c a tab o l ism  o f  th e  ’ s low'  subclass o f  

IgG in 9 h e i f e r s  w i t h  c h ro n ic  f a s c i o l i a s i s  due i t  was thought to  the  

loss o f  t h i s  immunoglobulin along  w i t h  o th e r  blood c o n s t i t u e n t s  in t o  t h e  

b i l e  as la r g e  q u a n t i t i e s  o f  t h e  r a d i o a c t i v e l y  l a b e l l e d  p r o t e i n  were found 

in t h e  b i l e  o f  these animals  a t  s la u g h t e r .

The weight  o f  ev idence f o r  the haematophagic n a tu re  o f  t h e  a d u l t  

f l u k e  is now so g r e a t  as to  render th e  hypothes is  t h a t  t h e  a d u l t  f l u k e  

feed by browsing on th e  b i l i a r y  e p i t h e l i u m  (Dawes 1963a ,  Dawes and Hughes 

1964 ) h i g h l y  u n l i k e l y .
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The c l i n i c a l  disease  caused by i n f e c t i o n s  w i t h  F. h e p a t ic a  in 

c a t t l e  then would appear to  be ch ron ic  in n a tu re ,  r a r e l y  f a t a l ,  a sso c ia ted  

w i th  th e  haematophagic na ture  o f  a d u l t  f lu k e s  and co n f in ed  t o  young c a t t l e  

on a poor n u t r i t i o n a l  p lane .

Economic losses due to  f a s c i o l i a s i s  in c a t t l e  however a r e  not  

r e l a t e d  t o  th e  c l i n i c a l  but r a t h e r  to the s u b c l i n i c a l  i n f e c t i o n s  in 

a p p a r e n t ly  h e a l t h y  c a t t l e .  There a re  two aspects o f  t h e  economic loss ,  

th e  f i r s t  is  due t o  t h e  e f f e c t  o f  F. hepat ica  I n f e c t i o n  lowering product ion  

during economic l i f e  o f  t h e  animal  and the second is th e  loss o f  revenue  

due to  condemnation o f  a f f e c t e d  l i v e r s  a t  s la u g h t e r .

There a re  few d e t a i l e d  experiments in to  t h e  e f f e c t  o f  F. h ep at ic a  

i n f e c t i o n  in c a t t l e  upon th e  subsequent p r o d u c t i v i t y  o f  th ese  c a t t l e  

whether producing m i l k  o r  b e e f .  The e f f e c t s  o f  F. h e p a t ic a  i n f e c t i o n  on 

m i lk  product io n  has been e s t im ated  to  be in the  region  o f  14-35% loss in 

heavy in f e c t i o n s  (Gebaur 1939) ,  11.5% loss in moderate i n f e c t i o n s  (Doekson,  

Heringa ,  S w ie r s t ra  1949) ,  6-8% loss in l i g h t  i n f e c t i o n s  ( L e i n a t i ,  C ar r a r a ,  

R e c a lc a t i  1961, V ink  1961, Ross 1970) ,  The e f f e c t s  o f  F. h ep at ic a  

I n f e c t i o n s  on bee f  product ion  has been expressed In severa l  ways. A 

d i f f e r e n c e  o f  ap p ro x im ate ly  .01 k g . /d a y  between th e  weight  gains o f  

i n f e c t e d  and u n in fe c te d  c a t t l e ,  has been shown by Mik ac ic  and Krs to  ( I 9 6 0 )  

and Ross (1 9 7 0 ) .  In f e c t e d  c a t t l e  has been re p o r ted  as being an average  

o f  40 kgs. l i g h t e r  than comparable u n in fe c te d  c a t t l e  a t  s la u g h te r  (Neuhaus 

and S ix  1965) .  Hope, Cawdrey and Conway (1970)  re p o r te d  t h a t  bu l lo cks  

w ith  exper im enta l  chron ic  f a s c i o l i a s i s  re q u i red  11% more food to  ach ieve  

the same weight  o f  gain as u n in f e c t e d  b u l lo cks  kept  under th e  same c o n d i t io n s



The o v e r a l l  i n f e c t i o n  r a t e  in var io u s  c o u n t r i e s  as judged by th e  

condemnation ra tes  o f  i n f e c t e d  l i v e r s  a t  s la u g h te r  has been recorded and 

in some cases an e s t im a t io n  o f  th e  consequent f i n a n c i a l  loss has been 

prov ided .

In th e  Nether lands in 1959, 70% o f  a l l  bovine l i v e r s  were t o t a l l y  

o r  p a r t i a l l y  condemned due t o  f a s c i o l i a s i s  w i th  an e s t im a te d  t o t a l  

consequent loss o f  200 m i l l i o n  g u i l d e r s  (23 m i l l i o n  pounds) (V ink I 9 6 I ) .

Ten years  l a t e r  t o t a l  losses a t t r i b u t a b l e  to  bov ine f a s c i o l i a s i s  

in t h e  N etherlands  was es t im ated  a t  150 m i l l i o n  g u i l d e r s  (17 m i l l i o n  

pounds) (Koopman 19&9) .

in S w i t z e r l a n d  ap p ro x im a te ly  66% o f  bovine l i v e r s  in 1959 were

condemned due to  f a s c i o l i a s i s  w i t h  a consequent loss o f  500 ,000  S . F . / y e a r

(£ 5 0 ,0 0 0 )  (Fuhriman I 9 6 I ) .

Losses in the  German Federal  Republ ic  in meat p roduct ion  a t t r i b u t a b l e  

t o  F. hep a t ica  i n f e c t i o n s  in c a t t l e  were es t im ated  a t  an annual loss o f  

170 m i l l i o n  O.M. ( £ 1 6 ,4 0 0 ,0 0 0 )  (Neuhaus and S ix  I 9 6 5 ) .

In th e  U n i te d  S ta tes  o f  America th e  losses due t o  condemnations o f  

bovine l i v e r  due to  f a s c i o l i a s i s  were est im ated  in 1942 t o  be 2^ m i l l i o n  

d o l l a r s  ( F r e d e r i c k  1942) and in 1953 to  be 3 m i l l i o n  d o l l a r s  w i t h  a t o t a l  

economic loss o f  10 m i l l i o n  d o l l a r s  ( P r i c e  1953) .

The inc idence  o f  bovine f a s c i o l i a s i s  in a b a t t o i r s  in Japan has been

r e c e n t l y  rep o r ted  to  be 20-30% (Watanabe I 9 6 7 ) .

In Great  B r i t a i n  a survey o f  a b a t t o i r  records In 1942 showed an 

average condemnation o f  17*7% o f  bovine l i v e r s  due to  f a s c i o l i a s i s  and 

t h i s  was e s t im ated  to  r e s u l t  in a loss o f  £200 ,000  per  annum (Peters  

and Clapham 1942) .  In 1964 a s i m i l a r  survey showed 21.7% o f  bovine  

l i v e r s  condemned due t o  f a s c i o l i a s i s  a t  an e s t im ate d  v a lu e  o f  £1 m i l l i o n  

pounds (B lam ire  1964 ) .  This survey was extended over I 96O - I 968  and i t  

was then shown t h a t  an average  of  2 1 .7  “ 30.8% o f  a l l  bov ine l i v e r s  were  

condemnded due t o  f a s c i o l i a s i s  (B la m ire ,  Crowley,  Goodhand 1970) .



s

The condemnation f i g u r e s  from 56 a b a t t o i r s  in England and Wales f o r  

the  years  1961-1970 a r e  shown in t a b l e  1. I t  can be seen t h a t  an 

average 2 5 . 8% o f  bovine l i v e r s  were condemned due to  f a s c i o l i a s i s  and i f  

t h i s  f i g u r e  Is a p p l i e d  t o  th e  3 -5  m i l l i o n  c a t t l e  s lau g h te re d  an n u a l ly  

in Great  B r i t a i n  i t  represents  an economic loss due t o  condemnations 

a lo ne  o f  £ 3 -5  m i l l i o n  pounds. The condemnation f i g u r e s  from 4 S c o t t i s h  

a b a t t o i r s  f o r  the years  1962-1970 a re  shown in t a b l e  2 and i t  can be seen 

t h a t  the average condemnation r a t e  o f  bovine l i v e r s  due t o  f a s c i o l i a s i s  

( 26%) was th e  same as t h e  average condemnation r a t e  in th e  56 a b a t t o i r s  

in England and Wales.

These average  condemnation ra tes  f o r  bovine l i v e r s  due to  

f a s c i o l i a s i s  doe not however r e f l e c t  the  inc idence  o f  f a s c i o l i a s i s  in 

the w e t t e r  western  areas  o f  t h e  country  where c o n d i t io n s  favour  th e  

development o f  the  p a r a s i t e .  In Northern I r e l a n d  surveys o f  a b a t t o i r  

records show t h a t  in 1963, 63% o f  a l l  bovine l i v e r s  were condemned due t o  

f a s c i o l i a s i s  and in 1965 t h e  condemnation r a t e  had r is e n  to  80% o f  a l l  

bovine l i v e r s  a t  s la u g h te r  (Ross 1966b, Thornton I 9 6 8 ) .  The condemnation  

re tu rn s  f o r  bovine l i v e r s  due to  f a s c i o l i a s i s  from 11 a b a t t o i r s  in th e  

South West Region o f  England f o r  the  years 1969-1971 a r e  shown in t a b l e  3 

and can be seen t o  be 10-14% h ig h er  than th e  n a t io n a l  condemnation ra te s  

in these  y e a r s .  In d i v id u a l  a b a t t o i r s  had condemnation ra tes  o f  a f f e c t e d  

l i v e r s  as high as 73%. The average condemnation r a t e  o f  Glasgow a b a t t o i r  

f o r  th e  years  1962-1970 is 32.2% whereas the average  condemnation r a t e  f o r  

t h r e e  a b a t t o i r s  in th e  East o f  Scot land  over th e  same p e r io d  is 20.4%.

I t  can be seen t h e r e f o r e  t h a t  ap prox im ate ly  a q u a r t e r  o f  th e  c a t t l e  

p o p u la t io n  o f  Great B r i t a i n  a r e  i n f e c t e d  w i th  F. h ep a t ica  a t  some p o in t  

during t h e i r  l i v e s  and t h i s  must r e s u l t  in a severe economic loss due both 

to  i n t e r f e r e n c e  w i t h  pro duct ion  and loss o f  revenue a t  s l a u g h t e r .



TABLE 1

Incidence  o f  f a s c i o l i a s i s  in c a t t l e  at  56 s laughterhouses  in 
 _______ England and Wales f o r  the years  I 9 6 I -  1970_______

Year Number o f
c a t t l e  s laughtered

No, o f  o f f a l s  
condemned

% o f  o f f a l s  
condemned

Approx. cost  a t  
£ 2 . 5 0 / 1 iv e r

1961 675 ,56 2 156,062 23.1 £ 2 6 6 ,8 5 2 .0 0

1962 677 ,215 165,212 2 4 . 4 £ 3 1 9 ,8 3 7 .0 0

1963 6 9 0 ,7 3 4 152,731 22.1 £ 4 3 0 ,4 6 7 .0 0

1964 642 ,63 9 139,216 2 1 .7 £489 ,2 30  .00

1965 588 ,929 141,316 24 .0 £ 3 8 1 ,4 7 5 .0 0

1966 583,291 152,590 26 .2 £ 3 5 3 ,2 9 0 .0 0

1967 636,050 195,692 3 0 .8 £ 3 4 8 ,0 4 0 .0 0

1968 612,031 172,187 28.1 £ 3 8 1 ,8 2 7 .0 0

1969 361 ,989 127,935 35 .3 £4 1 3 ,0 3 0 .0 0

1970 373 ,077 106,741 2 8 .6 £ 3 9 0 ,1 5 5 .0 0

Average 584 ,152 150,968 2 5 .8 £ 3 7 7 ,4 2 0 . 0 0



TABLE 2

ncidence o f  f a s c i o l i a s i s  in c a t t l e  in 4 slaughterhouses  in 
_________________Scot land  f o r  th e  years 1962 -  1970

Year No. o f
c a t t l e  s laughtered

No. o f  o f f a l s  
condemned

% o f  o f f a l s  
condemned

Approx.  cost  a t  
£2 .50  per 1 ive r

1962 302,975 7 0 ,938 2 3 .4 £177 ,3 45

1963 323 ,609 83,711 2 5 .9 £209 ,2 77

1964 315,291 76 ,669 24 .3 £ 1 9 1 ,672

1965 302 ,405 68 ,4 6 6 22 .6 £171 ,1 65

1966 296,751 83 ,303 28.1 £247 ,2 02

1967 306,361 9 9 ,1 5 8 3 2 .4 £247 ,8 95

1968 287 ,50 9 83 ,685 29.1 £209 ,2 12

1969 254 ,10 7 73,676 29 .0 £184,190

1970 2 6 5 ,56 3 49,841 19.1 £124 ,6 02

Average 294 ,952 76,605 26% £191 ,5 12



TABLE 3

Incidence o f  f a s c i o l i a s i s  in c a t t l e  a t  
the South West Region o f  England from

10 slaughterhouses  
1st January,  1969

Year Number o f
c a t t l e  s lau g h te red

No. o f  o f f a l s  
condemned

% o f  o f f a l s  
condemned

1969 65,111 31,951 49.1

1970 52 ,2 0 2 2 0 ,198 3 8 .7

1971 13,086 4 ,4 0 9 3 3 .7



Bovine f a s c i o l i a s i s  can thus be seen to  be an important  disease o f  

c a t t l e  and i t s  economic e f f e c t  is th e  r e s u l t  o f  s u b c l i n i c a l  r a t h e r  than  

c l i n i c a l  i n f e c t i o n s .

This  apparent  d iscrepancy between th e  number o f  c a t t l e  w i th  

ev ide n t  damage due to  f a s c i o l i a s i s  in t h e i r  l i v e r s  a t  s la u g h t e r  and th e  

lack  o f  any corresponding c l i n i c a l  disease dur ing l i f e  has been noted by 

v a r io u s  au thors  since  th e  19th c entury  (Davaine 1877, Montgomerie 1931) .

I t  was a ls o  noted t h a t  these bovine l i v e r s  conta in ed  fewer f lu k e s  than  

did  sheep l i v e r s  a f f e c t e d  w i t h  f a s c i o l i a s i s  and from both these  

o bserva t io n s  i t  was deduced t h a t  c a t t l e  were more r e s i s t a n t  than sheep 

to  i n f e c t i o n  w i th  F. h e p a t ic a .  A d e t a i l e d  review  o f  th e  r e le v a n t  

l i t e r a t u r e  w i l l  be found in th e  in t r o d u c t io n  t o  the f i r s t  p a r t  o f  t h i s  

t h e s i s .

The purpose o f  th e  experiments described  in t h i s  t h e s i s  was to  

i n v e s t i g a t e  and d e f i n e  t h i s  apparent  re s is t a n c e  o f  c a t t l e  to  i n f e c t i o n s  

w i t h  F. h ep a t ica  under c o n t r o l l e d  experimental  c o n d i t io n s .  I t  was 

necessary t h e r e f o r e  t o  c ons ider  what c r i t e r i a  would be a c ce p tab le  in the  

d e f i n i t i o n  o f  any 'a c q u i re d  r e s i s t a n c e '  o f  ca lves  t o  exper imenta l  i n f e c t i o n s  

w i t h  F. h e p a t i c a ,

S t i r e w a l t  (1963)  l i s t e d  th e  c r i t e r i a  used in assess ing acqu ired  

r e s is t a n c e  to  schistosome i n f e c t i o n s  in man and an im a ls ,  th e  most important  

and w id e ly  adopted o f  these a r e  as f o l l o w s : -

1) The a b i l i t y  o f  a host  t o  mount a ' s e l f - c u r e '  response.

2)  A red u ct io n  in th e  expected worm burden from a given i n f e c t i n g
dose.

3)  A reduced le v e l  o f  d isease  in the  host .

These c r i t e r i a  can thus be a p p l i e d  to  the r e s u l t s  o f  any experimenta l  

i n f e c t i o n  o f  c a t t l e  w i t h  F. h ep a t ica  to  d e f i n e  th e  presence or absence 

o f  any such r e s is t a n c e .



W hile  th ese  c r i t e r i a  can be used to  assess t h e  presence or  absence 

o f  an a cq u i re d  r e s is t a n c e  t o  i n f e c t i o n s  w i th  F. h e p a t ic a  they do not  

however i n d i c a t e  th e  mechanism o f  such a r e s is t a n c e ,  A f u r t h e r  set  o f  

c r i t e r i a  a r e  re q u i re d  t o  d e f i n e  whether such a r e s is t a n c e  is dependent  

on the express ion  o f  a s p e c i f i c  immune response by th e  host  or  i f  i t  is 

the  r e s u l t  o f  p rev io us  i n f e c t i o n s  damaging host  t i s s u e  thus rendering  

th e  environment u n s u i t a b le  f o r  th e  development o f  any subsequent i n f e c t i o n .

An a cq u i re d  immunity is dependent on the  express ion  o f  a l i m i t e d  number 

o f  a l l e r g i c  re a c t io n s  as d e f in e d  by Coombs and Smith (1968 )  and Coombs

( 1968) .  The p o s s ib le  a l l e r g i c  r e a c t io n s  were a r ranged in to  4 groups or  

modes as f o l l o w s ; -

Mode A -  in vo lves  t h e  a c t i o n  o f  serum ant ib ody  w i t h  o r  w i th o u t

s o lu b le  m olecu la r  c o - f a c t o r s  

Mode B -  invo lves  th e  a c t i o n  o f  serum a n t ib o d y ,  s o l u b l e  c o - f a c t o r s

and n o n - a l l e r g i z e d  c e l l s .

Mode C -  In vo lves  serum an t ib o d y  which p a s s iv e l y  a l l e r g i z e s  c e l l s  such

as mast c e l l s  o r  macrophages 

Mode D -  invo lves  a c t i v e l y  a l l e r g i z e d  c e l l s  such as lymphocytes,  immune

macrophages e t c .

The involvement o f  one or  more o f  these a l l e r g i c  re a c t io n s  in the  

a c q u i re d  r e s i s t a n c e  o f  c a t t l e  t o  i n f e c t i o n s  w i th  F. h e p a t ic a  would show 

th e  a c q u i s i t i o n  o f  a s p e c i f i c  p r o t e c t i v e  immune response on th e  p a r t  o f  

the  host .

These two sets o f  c r i t e r i a  can be used t h e r e f o r e  t o  assess th e  

presence o f  an ac qu i red  r e s i s t a n c e  and any involvement o f  th e  immune 

response in such an a c q u i re d  r e s i s t a n c e .

The work descr ibed  in t h i s  t h e s i s  is d iv id e d  i n t o  4 p a r t s .  The 

f i r s t  p a r t  describes  t h e  exper imenta l  i n v e s t i g a t i o n  in t o  th e  a cq u i red  

r e s is t a n c e  o f  p a r a s i t e - f r e e  ca lv es  t o  experimenta l  i n f e c t i o n s  w i t h  F. hepat ica
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The second and t h i r d  p a r ts  o f  th e  t h e s is  descr ib e  immunologic 

developments as s o c ia te d  w i t h  these  in f e c t i o n s  and the  f o u r t h  par t  

describes  some aspects o f  th e  gross and h Î s t o p a t h o l o g i c a 1 changes asso c ia te d  

w i t h  F. h epat ica  i n f e c t i o n s  in th e  c a lves .



PART 1

EXPERIMENTAL INVESTIGATION OF THE RESPONSE OF SUSCEPTIBLE 
CALVES TO PRIMARY AND SECONDARY INFECTIONS WITH FASCIOLA

HEPATICA



IS

In t r o d u c t i o n  and Review o f  th e  L i t e r a t u r e  

The l i t e r a t u r e  c u r r e n t l y  a v a i l a b l e  on f a s c i o l i a s i s  is e x t e n s iv e  

and has been t h e  s u b je c t  o f  several recent  review  a r t i c l e s ,  (Dawes and 

Hughes 1964, S i n c l a i r  1967, Boray I 9 6 9 , Dawes and Hughes 1970) o f  which 

th e  most comprehensive is Boray ( I 9 6 9 ) .

This rev iew o f  th e  l i t e r a t u r e  w i l l  t h e r e f o r e  be co n f in ed  t o  the  

l i t e r a t u r e  concerning a c q u i re d  r e s is t a n c e  to  i n f e c t i o n s  w i t h  F. h ep a t ica  

in domestic and la b o r a t o r y  an im a ls .  I n v e s t i g a t i o n s  in to  acq u i red  

r e s i s t a n c e  t o  F. h e p a t ic a  i n f e c t i o n s  have been d escr ib ed  in c a t t l e ,  sheep,  

mice, r a b b i t s  and r a ts  and th e  a v a i l a b l e  l i t e r a t u r e  f o r  each species w i l l  

be reviewed in t u r n .  The l i t e r a t u r e  on aspects o f  a c q u i re d  immunity to  

Sch i stosome, N Î ppostronqy1 us bras i 1 iens i s and T r i c h i n e l l a  s p i r a l i s  

i n f e c t i o n s  which a r e  cons id ered  r e le v a n t  to  t h i s  t h e s i s  w i l l  a ls o  be 

reviewed.

C a t t l e

I t  has been accepted  f o r  some c o n s id e ra b le  t im e  t h a t  c a t t l e  a re  

r e s i s t a n t  t o  i n f e c t i o n s  w i th  Fa s c io la  h e p a t i c a .  T h is  o b serva t io n  has been 

made by many au th ors  w i t h  l i t t l e  o r  no exper im enta l  evidence  c i t e d  t o  

support  t h i s  premise.

Hutyra and Marek (1926)  cons idered  t h a t  F. h e p a t ic a  has a l i f e  span 

in v a r io u s  hosts in c lu d in g  c a t t l e  o f  from 3-5  years  but t h a t  the  m a j o r i t y  

o f  th e  f l u k e s  l i v e d  f o r  on ly  9 months to  one y e ar ,

Montgomerie (1931 )  r e f e r r i n g  s p e c i f i c a l l y  t o  c a t t l e  l i v e r s  in 

a b a t t o i r s  observed t h a t  th e  l i v e r s  o f  two and a h a l f  year  o ld  c a t t l e  

commonly showed ev idence  o f  severe f l u k e  i n f e s t a t i o n  in the  absence o f  any 

f l u k e s  in these l i v e r s .

M o r r i l l  and Shaw (1942)  i n f e c t e d  2 c a t t l e  each w i th  1000 m e t a cera c r ia e  

o f  F. h e p a t ic a  and 5 months l a t e r  r e i n f e c t e d  one w i t h  a f u r t h e r  48  

m e t a c e r c a r ia e .  Both c a t t l e  developed on ly  a m i ld  anaemia and a t  s la u g h t e r
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9 months a f t e r  th e  i n i t i a l  i n f e c t i o n  48 and 544 f l u k e s  were recovered  

from t h e i r  l i v e r s .  The authors concluded on t h e  bas is  o f  the lack  o f  

any c l i n i c a l  d isease  t h a t  th e  pathogenic e f f e c t  o f  F. h ep a t ica  in c a t t l e  

is small and a ls o  t h a t  c a l c i f i c a t i o n  o f  th e  b i l e  ducts may be an important  

de fen s ive  r e a c t io n  on th e  p a r t  o f  th e  host .

Dixon (1964)  suggested on th e  basis  o f  compara t ive  s tu n t in g  o f  f lu k e s  

from in f e c t e d  c a t t l e  as compared to  those from in f e c t e d  sheep t h a t  co n d i t io n s  

in t h e  bovine host  were less f a v o u r a b le  than in sheep.

T a y l o r  (1964)  s t a t e d  t h a t  c a t t l e  a r e  a b le  t o  e l i m i n a t e  an i n f e c t i o n  

w i t h  F. h e p a t ic a  over a p e r io d  o f  t ime unless th e  i n f e c t i o n  has been 

unusual ly  severe but does not p ro v id e  any evidence  f o r  t h i s  statement or  

any i n d i c a t i o n  o f  what is considered  to  be an unusua l ly  severe i n f e c t i o n . '

Ross ( 1966c)  s t a t e d  t h a t  a l i m j t e d  l i f e  span is a f e a t u r e  o f  pa ten t  

F, he p a t ic a  i n f e c t i o n s  in c a t t l e  but t h a t  t h i s  could  be in f lue n ced  by a 

number o f  f a c t o r s  in c lu d in g  th e  number and s i z e  o f  p rev io us  i n f e c t i o n s  and 

t h e  immune s t a t u s  o f  th e  host .  No experimenta l  evidence  was put forward

to  support these  suggest ions.  Ross, Todd, Dow (1966)  had however

p r e v io u s ly  rep o r ted  an experiment where p a r a s i t e  f r e e  c a lve s  were in f e c t e d  

w ith  e i t h e r  200,  300 o r  1300 m etac erc ar iae  o f  F. h e p a t ic a  and no loss o f  

a d u l t  p a r a s i t e s  had occur red between e ig h t  t o  twenty  t h r e e  weeks a f t e r  

i n fe c t  ion.

Keck and Supperer ( I 9 6 7 ) in a r a d io g rap h ic  study o f  b i l e  duct  

c a l c i f i c a t i o n  in f l u k e  i n f e c t e d  bovine l i v e r s  s t a t e d  t h a t  th e  c a l c i f i c a t i o n  

o f  th e  b i l e  ducts had become severe e ig h t  to  nine  months a f t e r  in f e c t i o n  

and a t  t h i s  t ime on ly  a few i s o l a t e d  f lu k e s  could  be found.  No f u r t h e r  

exper im enta l  ev idence  was rep o r te d .
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More r e c e n t l y  experiments have been descr ib ed  which would appear  

t o  support  the  premise t h a t  c a t t l e  can over a p e r io d  o f  t im e  e l i m i n a t e  a t  

l e a s t  p a r t  o f  th e  f l u k e  p o p u la t io n  d er iv ed  from a s i n g l e  i n f e c t i o n  o f  

F. h e p a t i c a .

Boray ( I 9 6 7 ) in f e c t e d  fo u r  6 - 8 2  month o ld  p a r a s i t e  f r e e  s te e rs  each 

w i t h  1000 m e t a c e r c a r ia e  o f  F. h e p a t i c a .  A s i n g l e  c a l f  became anaemic 21 

weeks a f t e r  i n f e c t i o n ,  t h e  faeces egg counts reached a maximum 20 weeks 

a f t e r  i n f e c t i o n ,  then d e c l in e d  and the ca lves  were d escr ib ed  as having made 

a spontaneous recovery .  The ca lv es  were then used f o r  f u r t h e r  experiments  

so no d e t a i l s  o f  ac q u i red  f l u k e  burdens were given nor was any e x p la n a t io n  

put fo rw ard  t o  e x p l a i n  t h i s  apparent  spontaneous reco v ery .

Reid ( 1968) in f e c t e d  f o u r  p a r a s i t e  f r e e  c a lves  each w i th  2000 

m e ta c e rc a r ia e  o f  F. h e p a t i c a .  A l l  fo ur  ca lv es  developed anaemia and 

hypoalbuminaemia.  Two ca lves  died twe lv e  weeks a f t e r  i n f e c t i o n ,  th e  

remaining two ca lves  were k i l l e d  twenty f i v e  weeks a f t e r  i n f e c t i o n .  Three  

hundered and f i f t y  t h r e e  and s i x  hundred and f i f t y  f o u r  f lu k e s  were recovered  

from th e  l i v e r s  o f  t h e  ca lv es  dying 12 weeks a f t e r  i n f e c t i o n  as compared to  

15 and 93 f lu k e s  recovered from th e  l i v e r s  o f  th e  ca lves  k i l l e d  25 weeks 

a f t e r  i n f e c t i o n .  Reid cons id ered  th e  p o s s i b i l i t y  t h a t  an acq u i red  s e l f ­

cure  r e a c t io n  could have occurred due t o  b i l e  duct c a l c i f i c a t i o n .

Ross { 1968 ) using a m ix tu re  o f  f i e l d  and a r t i f i c i a l  i n f e c t i o n s  in 

ca lv es  descr ibed  th e  loss o f  75% o f  the  acqu ired  f l u k e  burden between the  

5th  and 21st  month a f t e r  i n f e c t i o n  a sso c ia te d  w i t h  decreas ing  faeces  egg 

counts a f t e r  5 months o f  i n f e c t i o n .  This percentage  reduct io n  was d e r iv e d  

from th e  comparison o f  the  number o f  f lu k es  recovered from a s i n g l e  c a l f  

w i th  the mean burden o f  4  ca lv es  k i l l e d  2-5 months a f t e r  a r t i f i c i a l  

i n f e c t i o n  w i t h  F. h e p a t i c a .



8

There was t h e r e f o r e  tn the  l i t e r a t u r e  no s t a t i s t i c a l l y  s i g n i f i c a n t  

exper im enta l  ev idence  based on t h e  number o f  f l u k e s  s u r v iv in g  a t  given  

t imes a f t e r  a s i n g l e  i n f e c t i o n  o f  c a t t l e  w i th  F. h e p a t ic a  t o  j u s t i f y  the  

w id e ly  h e ld  view t h a t  c a t t l e  cou ld  over a p e r io d  o f  t im e  e l i m i n a t e  t h e i r  

ac q u i red  f l u k e  burden.

The response o f  p r e v i o u s ly  in f e c t e d  c a lves  t o  r e i n f e c t i o n  w i th  

F. h ep a t ic a  had not been cons idered  u n t i l  th e  recent  s tu d ie s  o f  Ross 

( 1966a,  1967b) Boray ( I 9 6 7 ) ,  Horchner ( I 9 6 9 ) .

Ross ( 1966a)  In f e c t e d  each o f  6 ca lves  w i t h  200 m e ta c e rc a r ia e  o f  

F. hep a t ica  and a f t e r  21 days cha l len g e d  t h r e e  o f  these  ca lves  and t h r e e  

p r e v i o u s l y  u n in f e c t e d  c o n t r o l  c a lves  w i th  300 m e t a c e r c a r ia e  o f  F, h e p a t ic a .

The r e i n f e c t e d  ca lves  were k i l l e d  10, l 4  and 19 weeks l a t e r  and t h e  co n t r o l  

ca lv es  7 , 11 and I 6 weeks l a t e r .  No s i g n i f i c a n t  d i f f e r e n c e  was found 

between th e  a c q u i re d  f l u k e  burdens o f  each goup o f  c a l v e s .  The remaining  

t h r e e  p r e v i o u s l y  i n f e c t e d  ca lves  were r e i n f e c t e d  w i t h  300 m eta c e rc a r ia e  

o f  F. h e p a t ic a  18 weeks a f t e r  the  i n i t i a l  i n f e c t i o n  and k i l l e d  6,  8 and 9 

weeks l a t e r .  Ross found a reduct io n  in the  numbers o f  f lu k e s  recovered  

f rom t h e  l i v e r s  o f  th ese  ca lv es  (155 f l u k e s )  as compared t o  th e  number o f  

f l u k e s  p r e v i o u s ly  recovered from the  c o n t ro l  c a lv e s  (306 f l u k e s ) .  Ross 

a ls o  described  f i n d i n g  an apparent  'spontaneous s e l f - c u r e '  proposing t h a t  

t h e  f lu k e s  o f  th e  r e i n f e c t i o n  i n i t i a t e d  the  ex p u ls io n  o f  t h e  f l u k e  p o p u la t io n  

d e r iv e d  from th e  i n i t i a l  i n f e c t i o n .

Ross ( 1967b) i n f e c t e d  2 c a lves  each w i t h  1,500 m e ta c e rc a r ia e  o f  

F. h e p a t i c a .  T h i r t y  weeks l a t e r  these  ca lv es  and two p r e v io u s ly  

u n in f e c t e d  c o n t r o l  c a lves  were each i n f e c t e d  w i t h  200 m e ta c e rc a r ia e  o f  

F. h e p a t ic a  and a l l  fo u r  ca lv e s  were k i l l e d  6 weeks l a t e r .  D i f f e r e n t i a t i n g  

both f l u k e  p o p u la t io n s  in th e  r e i n f e c t e d  ca lves  on th e  bas is o f  s i z e  he 

found t h a t  5.6% o f  th e  c h a l le n g e  dose was recovered from the  r e i n f e c t e d  

ca lv es  as compared to  an 18% recovery from the  c o n t ro l  c a l v e s .  This  

would represent  a 60% re d u ct io n  in th e  a cq u i red  f l u k e  burden o f  the  r e i n f e c t e d  

c a lv e s .



Ross concluded from th e s e  experiments t h a t  arry a cq u i red  r e s is t a n c e  

demonstrated in vo lved  some express ion  o f  host  immunity.

Boray ( I 9 6 7 ) in f e c t e d  f o u r ,  17 month o ld  s te e r s  each w i th  1000 

m e ta c e rc a r ia e  o f  F. h ep a t ica  and 14-19 weeks l a t e r  t e r m in a t e d  t h i s  

i n f e c t i o n  w i t h  an a n t h e l m i n t i c .  Three weeks l a t e r  these  f o u r  s te e rs  

and fo u r  p r e v i o u s l y  u n in f e c t e d  s t e e r s  were each I n f e c t e d  w i t h  5000 

m e ta c e rc a r ia e  o f  F. h ep a t ica  and s lau g h te re d  22 weeks l a t e r .  A mean o f  

135 f lu k e s  were recovered from each l i v e r  o f  t h e  r e i n f e c t e d  compared to  

a mean o f  620 f lu k e s  recovered  from each l i v e r  o f  t h e  i n f e c t e d  c o n t r o l  

c a l v e s .  Th is  re presents  a 78% reduct ion  in t h e  a c q u i re d  burden o f  th e  

r e i n f e c t e d  s t e e r s .

Boray (1967 )  a ls o  a t tem pted  immunisat ion o f  3 c a lv e s  using 3 doses

a t  6 weeks i n t e r v a l s  o f  3 ,000  m eta c e rc a r ia e  o f  F, h e p a t ic a  i r r a d i a t e d

w i t h  20 k i l o r a d s  ( K r . )  Three weeks a f t e r  r e c e i v i n g  t h e  l a s t  v a c c in a t in g  

dose these  ca lv e s  and 3 no n -vacc in a ted  c o n t ro l  ca lv e s  were each in f e c t e d

w i t h  5000 m e ta c e r c a r ia e  o f  F. hep a t ica  and k i l l e d  16 weeks l a t e r .  No

s i g n i f i c a n t  d i f f e r e n c e  was found between the  a c q u i re d  f l u k e  burden o f  each 

group o f  c a l v e s .

Boray concludes t h a t  r e s i s t a n c e  t o  r e i n f e c t i o n  in c a t t l e  was simply  

a m a n i f e s t a t io n  o f  t h e  degree o f  t i s s u e  damage caused by th e  previous  

i n f e c t i o n  and d id  not in v o lv e  an express ion o f  t h e  h o s t ' s  immune response.

Horchner (1969 )  i n i t i a l l y  i n f e c t e d  ca lves  w i th  e i t h e r  150, 250 or  

500 m e ta c e rc a r ia e  o f  F. h e p a t ic a  then r e i n f e c t e d  th ese  ca lves  and a group 

o f  p r e v io u s l y  u n in f e c t e d  ca lves  16 weeks l a t e r  w i t h  a f u r t h e r  200 

m e ta c e r c a r ia e  o f  F. h e p a t i c a .  There was a 50% red u c t io n  in th e  number o f  

f l u k e s  d e r iv e d  from t h e  r e i n f e c t i o n  in p r e v io u s l y  i n f e c t e d  ca lve s  as 

compared to  th e  numbers o f  f l u k e s  recovered from t h e  c o n t r o l  c a lv e s .
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This  conclusion was based again  on th e  d i f f e r e n t i a t i o n  o f  each 

f l u k e  p o p u la t io n  in th e  r e i n f e c t e d  ca lv es  on a basis o f  f l u k e  s i z e ,

Horchner cons idered  the  p o s s i b i l i t y  t h a t  e i t h e r  an immune response or  a 

n o n - s p e c i f i c  t i s s u e  re a c t io n  could  have been r es p o n s ib le  f o r  t h i s  

m a n i f e s t a t i o n  o f  a cq u i re d  r e s i s t a n c e .

Another  aspect  o f  th e  bovine response t o  i n f e c t i o n s  w i t h  F, hep at ica  

was suggested by Ross ( I 9 6 5 , 196ya) t h a t  c a t t l e  a r e  more r e s i s t a n t  to  

ch a l le n g e  w i t h  a l a r g e  s i n g l e  i n f e c t i o n  o f  m e ta c e rc a r ia e  o f  F. he p a t ic a  

than they  a r e  to  c h a l le n g e  w i t h  a small s i n g l e  i n f e c t i o n  o f  F. h e p a t i c a .

In a comparison o f  i n f e c t i o n  l e v e ls  o f  1 ,5 0 0 ,  2 , 5 0 0 ,  5 , 0 0 0 ,  15,000  

m e ta c e r c a r ia e  he found an inv erse  r e l a t i o n s h i p  between dose, percentage  

rec o v er ie s  and t h e  s e v e r i t y  o f  t h e  d isease produced.  Only ca lves  

r e c e i v in g  a s i n g l e  i n f e c t i o n  o f  1 ,500 m e t a cerc a r ia e  o f  F. hepat ic a  

developed c l i n i c a l  s igns o f  f a s c i o l i a s i s .  Ross proposed t h a t  in a high  

leve l  s i n g l e  i n f e c t i o n  w i t h  F. h e p a t ica  t h a t  t h e  immature f lu k e s  a re  

t rapped and e l i m i n a t e d  by t h e  in tense  t i s s u e  r e a c t io n  they  provoke in th e  

v e n t r a l  lobe,  Boray ( I 9 6 7 ) however, produced subacute f a s c i o l i a s i s  and 

death in a c a l f  in f e c t e d  w i t h  5000 m eta cerc a r ia e  o f  F. he p a t ic a  and a l l  

fo u r  ca lves  r e c e iv i n g  a s i n g l e  i n f e c t i o n  o f  10,000 m e ta c e rc a r ia e  showed 

c l i n i c a l  s igns o f  f a s c i o l i a s i s  and d ied w i t h i n  5 months a f t e r  i n f e c t i o n .

In summary i t  can be s a id  t h a t  t h e r e  is no s t a t i s t i c a l l y  s i g n i f i c a n t  

experimenta l  ev idence  described  a t  p resent  in t h e  l i t e r a t u r e  t o  v a l i d a t e  

the  statement t h a t  c a t t l e  can over a per io d  o f  t im e  e l i m i n a t e  p a r t  o f  t h e i r  

f l u k e  burden der iv ed  from a s i n g l e  I n f e c t i o n  w i t h  F. h e p a t i c a .  There Is 

a ls o  unequivocal  evidence  from on ly  one experiment using fo u r  ca lves  

(Boray I 9 6 7 ) t h a t  c a t t l e  can become r e s i s t a n t  t o  r e i n f e c t i o n  w i th  F. hep at ica



I t  is o n ly  very  r e c e n t l y  t h a t  t h e r e  has been any evidence  t o  

suggest t h a t  a s p e c i f i c  immune mechanism may be i m p l ic a t e d  in t h i s  

r e s i s t a n c e .  Corba, Armour, Roberts ,  U r q u h a r t (1 9 /1 )  i n f e c t e d  one o f  

a p a i r  o f  monozygous ca lv es  on two occasions w i t h  1000 m etac erc ar iae  

o f  F. h e p a t i c a .  Fourteen weeks a f t e r  th e  second i n f e c t i o n  the c a l f  

was s la u g h te re d  and i t s  sera and h e p a t ic  lymph nodes removed. The 

h e p a t ic  lymph node c e l l s  were then in je c t e d  in to  th e  o th e r  twin c a l f  

and the sera i n j e c t e d  i n t o  an u n re la te d  c a l f .  Both o f  these ca lves  

and an u n t re a te d  co n t r o l  c a l f  were then each i n f e c t e d  w i t h  1000 

m e ta c e r c a r ia e  o f  F. h e p a t i c a .  At  s la u g h te r  23 f l u k e s  were recovered  

from the  l i v e r  o f  th e  c a l f  r e c e iv i n g  th e  lymphoid c e l l s ,  100 f lu k e s  were  

recovered from t h e  c a l f  which rece ived  the  sera and 113 f lu k e s  were 

recovered from th e  u n t re a te d  c o n t ro l  c a l f .

This represented  an 80% reduct ion  in the  f l u k e  burden o f  th e  c a l f  

r e c e iv in g  the  lymphoid c e l l s  and w h i l e  the  r e s u l t s  a r e  by no means 

co n c lu s ive  s in ce  so few ca lves  were used they  may p ro v id e  the  f i r s t  

I n d i c a t i o n  t h a t  immunity plays some p a r t  in th e  a c q u i re d  r e s is t a n c e  o f  

c a t t l e  t o  i n f e c t i o n s  w i th  F. h e p a t ic a .

Sheep

Whi le c a t t l e  have been descr ibed  as being r e s i s t a n t  to  i n f e c t i o n  

w i t h  F. he p a t ic a  sheep have been descr ibed  (T a y lo r  1964)  as having l i t t l e  

or no r e s is t a n c e  to i n f e c t i o n  w i th  F. h e p a t ic a ,

Durbin (1952)  in f e c t e d  sheep each w i th  100 m e ta c e r c a r ia e  o f  what 

was presumed to  be F. hep at ic a  and recovered 21 and 19% o f  th e  i n i t i a l  

dose from the  l i v e r s  o f  sheep dying 7 and 11 years a f t e r  i n f e c t i o n  in the  

absence o f  any r e i n f e c t i o n .

Ershov (1959 )  a t tempted  t o  p ro te c t  lambs by v a c c in a t i o n  w i t h  a 

f l u k e  p o l y s a c c a r i d e - a 1bumin complex. He re p o r te d  f i n d i n g  a 10-25% o f  

the  lambs to  be immune t o  i n f e c t i o n  but t h a t  th e  induced immunity did  not
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p e r s i s t  longer than 45 days a f t e r  v a c c i n a t i o n .  No experimenta l  

ev idence  was c i t e d  to  support th ese  sta tements .

Hughes (1963 )  va c c in a te d  10 sheep w i th  a s e r i e s  o f  n in e  

i n t r a p e r i t o n e a 1 i n f e c t i o n s  o f  a f l u k e  an t ig en  over a p e r io d  o f  t h r e e  

weeks. The va c c in a te d  sheep and 10 un t re a te d  c o n t r o l  sheep were each 

in f e c t e d  w i t h  200 m e ta c e r c a r ia e  o f  F. hepat ica  some f i v e  weeks l a t e r .

At  post-mortem fo u r  months a f t e r  r e i n f e c t i o n  no s i g n i f i c a n t  reduct ion  was 

found in the  numbers o f  f l u k e s  recovered from th e  v a c c in a te d  sheep as 

compared t o  t h e  number recovered from th e  c o n t ro l  sheep. Hughes (1963)  

a ls o  a t tem p ted  v a c c i n a t i o n  o f  sheep by a d m in ls t r i n g  2 doses a t  a 14 day 

i n t e r v a l  o f  500 m e ta c e r c a r ia e  o f  F. h ep at ica  x - i r r a d i a t e d  w i th  3 Kr.

Seven weeks a f t e r  th e  second v a c c i n a t i n g  dose 10 o f  th e s e  sheep and 10 

unvacc inated  sheep were each in f e c t e d  w i th  200 m e ta c e rc a r ia e  o f  F. h e p a t ic a .  

At s la u g h t e r  16 weeks l a t e r  no s i g n i f i c a n t  d i f f e r e n c e  was found between 

the f l u k e  burdens o f  both groups o f  sheep.

Ross ( 1967b) at tempted  t o  v a c c in a t e  lambs using implants o f  6 week 

o ld  v i a b l e  F. he p a t ic a  in t o  the  i n t e r c o s t a l  muscles.  Three lambs 

t o g e t h e r  w i t h  u n in f e c t e d  lambs were each i n f e c t e d  fo u r  weeks l a t e r  w i th  

100 m e ta c e r c a r ia e  o f  F. h e p a t i c a .  Ten weeks l a t e r  11% o f  th e  i n f e c t i n g  

dose was recovered from th e  va c c in a te d  lambs as compared t o  22% recovered  

from t h e  c o n t r o l s .  This  d i f f e r e n c e  is on ly  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  

the  10% l e v e l .

Boray ( I 9 6 7 ) r e p e a te d ly  i n f e c t e d  sheep w i t h  la r g e  doses o f  

m e ta c e rc a r ia e  o f  F. hep a t ica  x - i r r a d i a t e d  w i th  20 Kr.  Another group o f  

sheep were given t h r e e  doses each o f  1000 m e ta c e rc a r ia e  o f  F. he p a t ic a  

and were t r e a t e d  w i th  an a n t h e l m i n t i c  5 weeks a f t e r  each i n f e c t i o n .

Each group o f  sheep t o g e t h e r  w i t h  no n -vacc in a ted  c o n t ro l  sheep were then  

each i n f e c t e d  w i t h  4000 m e ta c e rc a r ia e  o f  F. h e p a t i c a .  A l l  th e  sheep in 

t h e  experiment d ied  o f  acu te  or  subacute f a s c i o l i a s i s  and a t  post-mortem  

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  between t h e  a c q u i r e d  f l u k e  burdens 

o f  any o f  t h e  groups o f  sheep.  The r e i n f e c t e d  sheep however l i v e d  longer .
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t h e i r  anaemia developed l a t e r  and less severe t i s s u e  re a c t io n  was 

present  than in the c o n t ro l  sheep, Boray ( I 9 6 8 ) i n f e c t e d  n ine  sheep 

each w i t h  500 m e ta c e r c a r ia e  o f  F. h ep at ica  and then te r m in a te d  t h i s  

i n f e c t i o n  w i t h  an a n t h e l m i n t i c  tw e lv e  weeks l a t e r .  F ive  o f  these  

sheep were each r e i n f e c t e d  w i t h  1000 m eta c e rc a r ia e  and fou r  were each 

r e i n f e c t e d  w i t h  200 m e ta c e rc a r ia e  o f  F. hep a t ica  as were p r e v io u s ly  

u n in f e c t e d  c o n t r o l  sheep. No s i g n i f i c a n t  d i f f e r e n c e  was found in th e  

s u rv iv a l  t imes or  percentage  o f  th e  r e i n f e c t i n g  dose recovered from th e  

r e i n f e c t e d  sheep or  th e  c o n t r o l s ,

S i n c l a i r  (1968,  1970) i n v e s t i g a t e d  th e  e x i s t e n c e  o f  a r e s is t a n c e  t o  

F. he p a t ic a  i n f e c t i o n s  in sheep by using v a r io u s  methods o f  immunosuppression 

in an a t tem pt  t o  exace rb a te  t h e  d isease .  A group o f  sheep were t r e a t e d  

w ith  c o r t i c o s t e r o i d  and a second group o f  sheep were splenectomised p r i o r  

t o  i n f e c t i o n  w i t h  F. h e p a t i c a . The former sheep re ce ive d  500 m e t ace rc ar ia e  

o f  F. h ep a t ica  and th e  l a t t e r  3000 m etac erc ar iae  o f  F. h e p a t i c a . The 

pathogenic e f f e c t s  o f  these  i n f e c t i o n s  as i n d ic a t e d  by weight  loss and 

anaemia were more severe in th e  immunosupressed sheep and t h e  f lu k e s  

recovered from these  sheep were s i g n i f i c a n t l y  b ig g er  than those recovered  

from th e  normal i n f e c t e d  co n t r o l  sheep,

S i n c l a i r  (1971a)  i n f e c t e d  10 sheep each w i t h  300 m e ta c e rc a r ia e  o f  

F. h ep a t ic a  and 4 weeks l a t e r  te r m in a te d  the i n f e c t i o n  w i t h  an a n t h e l m i n t i c .  

Fiv e  weeks l a t e r  these  and 10 p r e v io u s ly  u n in fe c te d  c o n t ro l  sheep were each 

i n f e c t e d  w i t h  6OO m e ta c e rc a r ia e  o f  F. h e p a t i c a .  P a i rs  o f  sheep were 

k i l l e d  6,  8,  10, 12 and l 4  weeks a f t e r  i n f e c t i o n .  S i n c l a i r  proposed  

t h a t  t h e r e  was some evidence o f  an acq u i red  r e s i s t a n c e  in t h e  r e i n f e c t e d  

sheep on t h e  bas is  o f  a red u ct io n  in th e  growth r a t e  o f  f lu k e s  in r e i n f e c t e d  

sheep a t  about 8 weeks a f t e r  i n f e c t i o n  and a ls o  th e  e a r l i e r  appearance o f  

lymphocyt ic  and f i b r o b l a s t i c  a c t i v i t y  in the  l i v e r s .  There was no
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s i g n i f i c a n t  d i f f e r e n c e  however in the acqu ired  f l u k e  burden o f  both 

groups o f  sheep,

S i n c l a i r  (1971b)  then a t tempted  to  t r a n s f e r  t h i s  proposed 

r e s is t a n c e  t o  p r e v io u s ly  u n in fe c te d  sheep by using t h e  c e l l  in spleen  

or  lymph node homogenates from sheep p r e v io u s ly  in f e c t e d  w i t h  500 

m e ta c e r c a r ia e  o f  F, h e p a t i c a .  The sheep r e c e i v i n g  t h e  lymphoid c e l l s  

and a group o f  c o n t r o l  sheep were then each i n f e c t e d  w i t h  500 m e t ace rc a r ia e  

o f  F. h e p a t i c a .  Only minor d i f f e r e n c e s  in the weight  g a in s ,  packed c e l l  

volumes,  eosenophi l  counts and fae ca l  loss o f  r a d i o a c t i v e  l a b e l l e d  plasma 

were found between both groups.  At  post-mortem e i g h t  weeks l a t e r  no 

s i g n i f i c a n t  d i f f e r e n c e s  were found in the acq u i red  f l u k e  burdens o f  both 

groups o f  sheep.

The evidence  a v a i l a b l e  a t  present  in the  l i t e r a t u r e  i n d ic a te s  t h a t  

w h i l e  some immunological response occurs dur ing i n f e c t i o n  o f  sheep w i th  

F. he p a t ic a  and t h a t  suppression o f  t h i s  response r e s u l t s  in an e x ac e rb a t io n  

o f  th e  d is ease  no method o f  v a c c i n a t i o n  has been d iscovered which can 

co n fe r  s i g n i f i c a n t  p r o t e c t i o n  in sheep a g a in s t  i n f e c t i o n  w i th  F. h e p a t ic a .

Mice

A c o n s id e r a b le  amount o f  exper imenta l  i n v e s t i g a t i o n  in to  th e  

s t i m u l a t i o n  o f  an acq u i red  immunity o f  F. hep a t ica  in mice has been 

rep o r ted  In t h e  l i t e r a t u r e .  The mouse is h i g h l y  s u s c e p t ib l e  t o  i n f e c t i o n  

w i th  F. hep at ic a  and develops a disease  s i m i l a r  t o  t h a t  descr ibed  in sheep 

and c a t t l e .  No evidence has been put forward  t o  show t h a t  mice can 

a c q u i r e  any re s i s t a n c e  to  a s i n g l e  in f e c t i o n  w i t h  F. h e p a t i c a .

Hughes (1962,  1963) a t tempted  to  immunise mice using 2 v a c c i n a t i n g  

doses o f  20 m e ta c e rc a r ia e  o f  F. he p a t ic a  x - i r r a d i a t e d  w i th  4 Kr.  The 

vacc inca ted  mice and a group o f  unvacc inated c o n t ro l  mice were in f e c t e d  

3 weeks l a t e r  w i th  10 m e ta c e rc a r ia e  o f  F. h e p a t i c a .  No evidence o f  the
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development o f  an acq u i red  immunity was found In t h i s  experiment .

The experiment  was then repeated  using 2 v a c c i n a t in g  doses o f  40 

m e ta c e rc a r ia e  o f  F. hep a t ica  i r r a d i a t e d  w i th  3 Kr ,  and subsequent  

c h a l le n g e  w i t h  10 normal m e t a c e rc a r ia e .  Again no s i g n i f i c a n t  

d i f f e r e n c e  was found between the  a cqu ir ed  f l u k e  burdens o f  v a cc in a te d  

and c o n t ro l  mice. Hughes then at tempted  to  p a s s i v e l y  immunise mice w i t h  

1 ,5  ml . o f  he tero logous serum from r a b b i t s  i n f e c t e d  w i t h  F. h e p a t i c a .

The t r e a t e d  and u n t re a t e d  c o n t r o l  mice were then each In f e c t e d  w i t h  5 

m eta c e rc a r ia e  o f  F. h e p a t i c a .  At post-mortem t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  in t h e  f l u k e  burdens o f  each group o f  mice.

Dawes (1964)  in f e c t e d  fo u r te e n  mice each w i t h  40 x - i r r a d i a t e d  (3 K r . )  

m e ta c e r c a r ia e  o f  F. h e p a t i c a .  Three weeks l a t e r  he i n f e c t e d  n in e  o f  

these  mice w i t h  10 m e ta c e rc a r ia e  o f  F. h ep at ica  and t h e  remaining f i v e  mice 

each w i t h  5 m e ta c e rc a r ia e  o f  F. H e p a t ic a .  The mice were k i l l e d  s e r i a l l y  

over t h e  next 8 - 5 3  days,  Dawes rep o r ted  f i n d i n g  no immunity t o  th e  

c h a l le n g e  i n f e c t i o n  but t h i s  conclusion  was based on comparison o f  th e  

numbers o f  f l u k e s  recovered  from th e  va c c in a te d  mice w i t h  th e  numbers o f  

f l u k e s  recovered from a group o f  co n t ro l  mice in an experiment p r e v io u s ly  

described  by Hughes ( 1 9 6 3 ) .

Lang (1966,  1967, 1968) Lang, Larsh,  W e a th er ly ,  Goulson (1967)  

c a r r i e d  out e x t e n s i v e  s tu d ie s  on th e  immunisat ion o f  w h i t e  mice ag a in s t  

i n f e c t i o n s  w i t h  F. h e p a t i c a .

Lang (1967 )  immunised 96 mice on two occasions 60 days ap a r t  w i t h  2 

m e ta c e r c a r ia e  o f  F. h e p a t i c a .  These and p r e v io u s l y  u n in f e c t e d  co n t r o l  

mice were then in f e c t e d  f o r t y  days l a t e r  w i th  a f u r t h e r  2 m e ta c e rc a r ia e  o f  

F. h e p a t i c a .  At  20 and 40 days a f t e r  c h a l le n g e  s e le c t e d  mice from both 

groups were k i l l e d  to  e s t im a te  t h e i r  acquired  f l u k e  burdens. The 

vac c in a te d  mice were found t o  have s i g n i f i c a n t l y  fewer f l u k e s  40 days 

a f t e r  i n f e c t i o n  than d id  th e  c o n t ro l  mice. The d i f f e r e n t  f l u k e  pop u la t io n s
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o f  t h e  immunising and c h a l le n g e  doses were decided on a bas is o f  f l u k e  

s i z e ,  a procedure however which is  open to  a s u b s t a n t i a l  margin o f  e r r o r .  

Lang a ls o  found d i f f e r e n c e s  in the body w e ig h ts ,  t o t a l  and d i f f e r e n t i a l  

l eucocyte  counts ,  spleen w e ig h ts ,  haem ag lu t in a t in g  an t ib o d y  t i t r e s  and 

l i v e r  h is to p a th o lo g y  between th e  groups o f  mice.  I t  was p o s tu la te d  on 

t h e  basis o f  th e  h is to p a th o lo g y  t h a t  a delayed typ e  h y p e r s e n s i t i v e t y  

r e a c t io n  may have p layed some p a r t  in the  immune response.

Lang ( I 9 6 6 ) then in v e s t ig a t e d  th e  p o s s i b i l i t y  t h a t  f l u k e s  were  

damaged by t h i s  immune response in mice.  Seventeen day o l d  f lu k e s  were 

t r a n s f e r r e d  from t h e  l i v e r s  o f  p r e v io u s ly  immunised or  p re v io u s ly  

u n in fe c te d  mice in to  th e  p e r i t o n e a l  c a v i t i e s  o f  two groups o f  mice. A 

mouse d ied in each group a f t e r  th e  t r a n s f e r  o f  th ese  f l u k e s .  At  th e  end 

o f  th e  experiment however no f l u k e s  were recovered from th e  remainder o f  

t h e  mice in Group 1 which had rece iv e d  the f lu k e s  from th e  immunised mice 

whereas n ine out o f  t w e lv e  f l u k e s  t r a n s f e r r e d  from p r e v io u s l y  n o n in fe c ted  

mice were recovered from th e  mice in Group 2, Th is  r e s u l t  was taken t o  

i n d i c a t e  t h a t  th e  f l u k e s  taken from th e  p r e v io u s ly  immunised mice were 

damaged in such a way as t o  prevent  t h e i r  m atura t io n  in a normal mouse.

Lang aj_ (19&7) at tempted  to  t r a n s f e r  t h e  immunity from p r e v io u s ly  

i n f e c t e d  mice using p e r i t o n e a l  exudate c e l l s  from th ese  mice.  A group 

of  10 normal mice were given 2 .7 5  x 10^ p e r i t o n e a l  exudate c e l l s  from 

p r e v io u s ly  i n f e c t e d  mice by th e  i n t r a p e r i t o n e a 1 rou te  and cha l len g ed  21 

days l a t e r  w i t h  2 m e ta c e rc a r ia e  o f  F. h ep at ica  as were a group o f  u n t re a ted  

co n t r o l  mice.  A l l  mice were k i l l e d  40 days l a t e r  when a t o t a l  o f  8 f lu k e s  

were recovered from th e  10 t r e a t e d  mice and 12 f l u k e s  were recovered from 

th e  8 u n t r e a te d  co n t r o l  mice.  Lang found t h a t  t h i s  d i f f e r e n c e  was 

s i g n i f i c a n t  a t  t h e  .001% le v e l  in th e  S tu d en t 's  ' t ' t e s t .  No d e t a i l s

were given about th e  compatab i1 i t y  o f  th e  mice used f o r  th e  c e l l  t r a n s f e r
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nor were any c o n t r o l  groups used t o  e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  the  

reduct io n  o f  th e  f l u k e  burden found was due to  involvement o f  the  f lu k e s  

in a g r a f t - v e r s u s  host  typ e  o f  re a c t io n  in th e  r e c i p i e n t  mice.  I t  is 

a ls o  un c lea r  e x a c t l y  what type  o f  c e l l  was being t r a n s f e r r e d  in the  

p e r i t o n e a l  exudate,  they  may have been s e n s i t i s e d  macrophages,  

immunological ly  competent lymphoid c e l l s  or  most pro bab ly  a m ix tu re  o f  

both cel  1 typ es .

Lang (1968 )  repeated  h is  prev ious  r e i n f e c t i o n  experiment  using  

l a r g e r  groups o f  mice and described  f i n d i n g  t h a t  a s i g n i f i c a n t  reduct ion  

in t h e  acq u i red  f l u k e  burden o f  th e  r e i n f e c t e d  mice could  be found by 

25 days a f t e r  c h a l l e n g e .  Again t h e  d i f f e r e n t i a t i o n  o f  th e  f l u k e  

pop u la t io n s  d er ived  from th e  i n i t i a l  and c h a l le n g e  i n f e c t i o n s  was on th e  

basis o f  f l u k e  s i z e ,

Lang considered  on th e  bas is  o f  a l l  these  experiments t h a t  s p e c i f i c  

an t ig en s  a re  re le ase d  by th e  immature f lu k e s  from 8-17  days a f t e r  i n f e c t i o n  

which a r e  r e s p o n s ib le  f o r  th e  induct ion o f  an a c q u i re d  immunity in th e  

w h i t e  mouse to  I n f e c t i o n  w i th  F. h e p a t ic a .  Th is  immunity he considered  

m anifes ts  i t s e l f  between 20-25  days a f t e r  c h a l le n g e  and involves  a delayed  

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

I t  is d i f f i c u l t  to  r e c o n c i l e  th e  d i f f e r e n t  r e s u l t s  o b ta in ed  by 

Hughes and Lang e s p e c i a l l y  as a t  th e  leve l  o f  x - i r r a d i a t i o n  used by Hughes 

a l lo w ed  development o f  p a r t  o f  th e  v a c c in a t in g  dose t o  m a t u r i t y  (Hughes 

1963 ) ,  H ughes 'vacc in a t io n  schedule would t h e r e f o r e  f u l f i l l  Lang's  

c r i t e r i a  f o r  th e  induct io n  o f  an acqu ired  immunity in mice.  In v ie w  o f  

th e  recent  advances in th e  understanding o f  t h e  c e l l u l a r  mechanisms 

in vo lved  in both humoral and c e l l u l a r  immunity t h e  ev idence  presented by 

Lang t o  im p l i c a t e  a delayed ty p e  h y p e r s e n s i t i v i t y  response would not be 

cons idered  s u f f i c i e n t .
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The work on acq u i red  immunity to  F. h ep at ica  i n f e c t i o n s  in mice 

can perhaps best  be summarised by conc luding t h a t  i t  is perhaps p o s s ib le  

to  induce such an immunity in t h e  mouse but t h a t  t h i s  u r g e n t ly  req u i res  

some f u r t h e r  c o n f i r m a t i o n ,

Rabb i t s

The r a b b i t  has a ls o  been w id e ly  used as an exper im enta l  model f o r  

i n v e s t i g a t i n g  ac q u i red  immunity t o  i n f e c t i o n  w i t h  F. h e p a t i c a .

Kerr  and P e tko v i tch  (1935)  immunised r a b b i t s  w i th  i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  a suspension o f  d r ie d  f l u k e s .  Seven Immunised and th re e  

c o n t r o l  r a b b i t s  were then each In f e c t e d  w i t h  13 m e ta c e rc a r ia e  o f  F. h e p a t i c a .  

At autposy a mean o f  2 , 1 4  f lu k e s  were recovered from each vac c in a te d  

r a b b i t  as compared t o  a mean o f  8 .3 5  f lu k e s  from th e  c o n t r o l  r a b b i t s .  At  

no p o in t  were eggs found in t h e  faeces o f  the v a c c in a te d  ra b b i t s  and at  

autopsy some o f  th e  f l u k e s  recovered were c a l c i f i e d .  A normal patent  

p e r io d  and undamaged f lu k e s  were found in th e  c o n t r o l  r a b b i t s .

U rq u h a r t ,  M u l l i g a n ,  Jennings (1954)  va c c in a te d  r a b b i t s  w i th  an alum 

p r e c i p i t a t e d  s a l i n e  e x t r a c t  o f  f l u k e s .  Seven r a b b i t s  rece iv e d  3 

i n j e c t i o n s  and a fv r . th e r  seven r a b b i t s  rece iv e d  6 i n j e c t i o n s  o f  t h i s  

e x t r a c t .  The immunised and c o n t ro l  r a b b i ts  were each i n f e c t e d  w i th  50 

m e ta c e rc a r ia e  o f  F. h e p a t ic a .  The v a c c in a t io n  procedure produced high  

l e v e l s  o f  p r e c i p i t a t i n g  a n t ib od y  in t h e  sera o f  th e  r a b b i t s .  I t  d id  not 

however reduce th e  number o f  f lu k e s  recovered from th e  vac c ina te d  r a b b i t s  

a t  atuposy as compared t o  t h e  f l u k e  burden o f  th e  c o n t r o ls  al though t h e r e  

was some i n h i b i t i o n  o f  development o f  th e  f l u k e s  in t h e  v a cc in a te d  

animals  as judged on t h e i r  s i z e  and t o t a l  p r o t e i n  n i t r o g e n  c o n te n t .
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Healy (1965)  a ls o  vac c in a te d  r a b b i ts  w i th  e x t r a c t s  o f  F. h ep at ica  

and subsequent ly cha l le ng e d  th ese  and c o n t ro l  r a b b i t s  each w i th  50 

m e ta c e rc a r ia e  o f  F. h e p a t i c a .  No s i g n i f i c a n t  d i f f e r e n c e  was found between 

th e  f l u k e  burdens o f  both groups o f  r a b b i t s  60 days l a t e r .  I t  was 

suggested however t h a t  t h e r e  was some evidence  o f  r e t a r d a t i o n  o f  development  

o f  th e  f l u k e s  in t h e  va c c in a te d  r a b b i t s  up t o  t h e i r  e n t r y  in to  t h e  b i l e  

ducts a t  ap p ro x im a te ly  35 days a f t e r  i n f e c t i o n .  No ev idence was pro vided  

to  support t h i s  o b s e rv a t io n .

Hughes (1963)  va c c in a te d  4  r a b b i t s  w i th  2 doses o f  500 i r r a d i a t e d  

(4 K r . )  m e ta c e rc a r ia e  fo u r tee n  days a p a r t .  The va c c in a te d  and c o n t ro l  

r a b b i t s  were each in f e c t e d  fo u r  weeks l a t e r  w i t h  15 m e ta c e r c a r ia e  o f  

F. h e p a t i c a .  No d i f f e r e n c e s  were found between t h e  r e q u i r e d  f l u k e  burdens 

o f  both groups o f  r a b b i t s  a t  autopsy 10 weeks a f t e r  c h a l le n g e .

Hughes (1963)  a ls o  a t tem pted  v a c c in a t io n  o f  r a b b i t s  w i th  n ine  

i n t r a p e r i t o n e a 1 i n j e c t i o n s  over a 3 week p er io d  w i t h  1 ml.  o f  a 1% f l u k e  

e x t r a c t .  In t h e  f i r s t  experiment 9 vacc in a te d  and 5 co n t r o l  r a b b i t s  were  

each i n f e c t e d  w i t h  13 m e ta c e r c a r ia e  o f  F. hep a t ica  and subsequently a 

mean o f  1 .7  f lu k e s  were recovered from the v a c c in a te d  r a b b i t s  as compared 

to  a mean o f  5 . 6  f l u k e s  from th e  co n t ro l  r a b b i t s .  The experiment was 

then repeated  using v a c c i n a t in g  doses o f  2, 1 or  ,5  ml . in the same 

v a c c i n a t io n  procedure and th e  c h a l le n g e  dose was 15 m e ta c e rc a r ia e  o f  

F. h e p a t i c a .  In t h i s  experiment however no s i g n i f i c a n t  d i f f e r e n c e  was 

found between th e  numbers o f  f l u k e s  recovered from any group o f  vacc in a ted  

r a b b i t s  and th e  group o f  c o n t r o l  r a b b i t s .

K en d a l l ,  H e r b e r t ,  P a r f i t t ,  P ie rce  (1967)  i n i t i a l l y  in f e c t e d  r a b b i t s  

each w i t h  10 m eta c e rc a r ia e  o f  F. h ep at ic a  and 12 weeks l a t e r  r e i n f e c t e d  

these r a b b i t s  and a p p r o p r i a t e  co n t ro l  r a b b i t s  each w i t h  200 m e t ace rc a r ia e  

o f  F. h e p a t i c a .  At autopsy 20 weeks a f t e r  th e  i n i t i a l  I n f e c t i o n  th e  number 

o f  f lu k e s  recovered from th e  r e i n f e c t e d  r a b b i t s  was less than th e  expected  

f l u k e  burden as judged by summation o f  th e  f l u k e  r e c o v e r ie s  from th e  co n t ro l
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r a b b i t s  f o r  i n f e c t i o n s  w i th  10 and 200 m e t ace rc ar ia e  o f  F. h e p a t ic a .

The authors noted t h a t  i t  was impossible t o  decide i f  t h e  f lu k e s  o f  the

c h a l le n g e  i n f e c t i o n  in th e  r e i n f e c t e d  ra b b i t s  had been destroyed or
v/^re

simply i n h i b i t e d  in t h e i r  development thus^more d i f f i c u l t  to  recover  

and count .

Ross ( 1967b) va cc in a te d  tw e lv e  r a b b i ts  w i th  2 subcutaneous 

i n j e c t i o n s  f o u r te e n  days a p a r t  o f  1 ml.  o f  a 6 weeks o l d  f l u k e  homogenate. 

Three weeks l a t e r  va cc in a te d  and c o n t ro l  r a b b i t s  were each i n f e c t e d  w i th  

20 m eta c e rc a r ia e  o f  F. h e p a t i c a .  The mean percentage ta k e  in both groups 

o f  r a b b i t s  was not s i g n i f i c a n t l y  d i f f e r e n t  but t h e r e  was some ev idence  o f  

r e t a r d a t i o n  o f  t h e  development o f  t h e  f lu k e s  in th e  v acc in a te d  r a b b i t s  

between 6 - 7  weeks a f t e r  i n f e c t i o n .  Ross then rep eated  the  experiment  

using eleven  r a b b i t s  given 5 subcutaneous i n j e c t i o n s  o f  a homogenate o f  

a d u l t  f lu k e s  and a ls o  implanted a 6 week o ld  v i a b l e  f l u k e  in to  th e  g l u t e a l  

muscle o f  s i x  o f  th ese  r a b b i t s .  The v ac c in a te d  and c o n t r o l  r a b b i t s  were  

each in f e c t e d  w i th  50 m e ta c e rc a r ia e  o f  F. h ep at ica  and k i l l e d  8 weeks 

l a t e r .  No s i g n i f i c a n t  d i f f e r e n c e  was found in t h e  f l u k e  burden o f  the  

r a b b i t s  va c c in a te d  w i th  homogenate a lo n e  and the  f l u k e  burdens o f  the  

co n t ro l  r a b b i t s .  There was however a reduct io 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  

at  the  20% leve l  between th e  acq u i red  f l u k e  burdens o f  t h e  v acc in a te d  and 

implanted r a b b i t s  as compared to  th e  c o n t r o l s .

Kendal l  and S i n c l a i r  (1971)  in f e c t e d  4 l  r a b b i t s  each w i th  10 

m eta c e rc a r ia e  o f  F. h ep at ic a  and then t r e a t e d  them w i t h  hexachlorophene  

84 or  86 days l a t e r  t o  remove th e  f lu k e s  p r e s e n t .  E i g h t y - e i g h t  days 

a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  th ese  and c o n t ro l  r a b b i t s  were each i n f e c t e d  

w ith  20 m e ta c e rc a r ia e  o f  F. h e p a t i c a .  At autopsy th e  a n t h e l m i n t i c  

t rea tm en t  was found to  have been o n ly  p a r t i a l l y  e f f e c t i v e  and th e  mean
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number o f  f l u k e s  recovered  from th e  r a b b i t s  which rece ive d  on the  

f i r s t  i n f e c t i o n  and hexachlorophene was s u b t ra c te d  from t h e  mean 

numbers o f  f l u k e s  recovered from th e  r e i n f e c t e d  r a b b i t s .  A f t e r  t h i s  

adjustment a s i g n i f i c a n t  reduct io n  was found between th e  mean numbers 

o f  f lu k e s  recovered from th e  r e i n f e c t e d  r a b b i t s  as compared to  th e  

p r e v i o u s l y  u n in f e c t e d  co n t ro l  r a b b i t s .

There appears t h e r e f o r e  to  be l i t t l e  co ns is tency  in th e  r e s u l t s  

o f  a t tem pted  immunisat ion o f  ra b b i t s  aga in s t  F. h e p a t i c a .  The only  

conclusion t h a t  can be drawn is th e  r a b b i ts  might  on some occasions have 

been r e s i s t a n t  t o  i n f e c t i o n s  w i t h  F. h ep at ica  but t h a t  much more 

c o n f i r m a t o r y  evidence  must be provided  b e fo re  t h i s  conc lu s io n  could  be 

accepted w i th o u t  r e s e r v a t i o n s .  The d e s c r i p t i o n  o f  increased l i v e r  

damage in r a b b i t s  immunosuppressed using a n t i - l y m p h o c y t i c  serum and 

i n f e c t e d  w i t h  F. h ep a t ic a  (Dodd and O ' N u a l l a i n  1970) may i n d i c a t e  t h a t  

an immunological mechanism may be re sp o n s ib le  f o r  l i m i t i n g  t h e  m ig ra to ry  

a c t i v i t i e s  o f  th e  f l u k e s  in th e  r a b b i t .

Rats

The r a t  has a ls o  been used as an exper imenta l  model f o r  i n v e s t i g a t i o n  

o f  t h e  immune response to  in f e c t i o n s  w i th  F. h e p a t i c a .

Thorpe and Broome (1 9 6 2 ) ,  Thorpe (1963)  i r r a d i a t e d  m e t ac erc ar iae  o f  

F. hepat  ica w i t h  e i t h e r  1, 2 . 5 ,  5 ,  7*5 or  10 Kr .  These m etac erc ar iae  

were then a d m in is te re d  a t  a dose leve l  o f  10 per  r a t  to  g iv e  5 groups o f  

t h i r t y  r a t s  corresponding to  each le v e l  o f  i r r a d i a t i o n .  Seven weeks 

a f t e r  v a c c in a t io n  15 ra t s  o f  each group and 10 normal r a t s  were each 

i n f e c t e d  w i t h  20 m e ta c e r c a r ia e  o f  F. h e p a t i c a .  Eleven weeks a f t e r  

v a c c in a t io n  the  remaining 15 ra t s  in each group and a f u r t h e r  10 normal 

r a t s  were each in f e c t e d  w i th  20 m eta cerc a r iae  o f  F. h e p a t i c a .  The ra ts  

were k i l l e d  ten  weeks a f t e r  t h e  c h a l le n g e  i n f e c t i o n  was g iven .  A s i m i l a r  

number o f  f l u k e s  were recovered from th e  r a ts  which had rece ive d  th e
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m e t a c e rc a r ia e  i r r a d i a t e d  a t  1 Kr .  p r i o r  to  c h a l le n g e  and a group o f  ra ts  

which had rece iv e d  o n ly  th e  i r r a d i a t e d  m eta c e rc a r ia e  and were not  

subsequently c h a l le n g e d .  Th is  was i n t e r p r e t e d  as showing t h a t  no f lu k e s  

from th e  c h a l l e n g e  i n f e c t i o n  had developed in t h e  v a c c in a te d  mice.

At  an i r r a d i a t i o n  leve l  o f  2 .5  Kr.  means o f  .6  and . 4  f l u k e s  were 

recovered from th e  r a t s  o n ly  r e c e iv in g  the  v a c c in a t i n g  m e ta c e rc a r ia e .

The va c c in a te d  and c h a l len g ed  r a ts  had mean r e c o v e r ie s  o f  2 .7  and 1,1 

f l u k e s  as compared to  mean rec o ve r ie s  o f  4 . 5  and 2 .0  f l u k e s  from the  

in f e c t e d  c o n t r o l  r a t s .  Thorpe considered  t h a t  t h i s  represented  a 50% 

reduct ion  in th e  ac qu i red  f l u k e  burden o f  t h e  v a c c in a te d  r a t s .

Macroscopic l i v e r  damage was a ls o  much reduced in t h e  v ac c in a te d  r a ts  as 

compared t o  t h e  c h a l le n g e  c o n t ro l  r a t s .  No ev idence  o f  acqu ired  

immunity was found in t h e  groups o f  ra ts  r e c e iv in g  m e t ace rc ar iae  

i r r a d i a t e d  a t  5,  7 .5  o r  10 Kr.

R ecent ly  Corba ^  aj^ ( 1 9 7 0  have descr ibed  th e  exper imenta l  

t r a n s f e r  o f  an induced immunity t o  F. hepat ica  t o  ra t s  using a lymphoid 

c e l l  suspension from p r e v io u s ly  i n f e c t e d  r a t s .  C e l l s  were taken from 

r a t s  w i t h  a p r e - b i l e  duct I n f e c t i o n  o f  F. h e p a t i c a ,  from r a ts  w i th  a 

paten t  i n f e c t i o n  o f  F. h ep a t ic a  and from ra ts  which had rece iv e d  3 immunising 

doses o f  i r r a d i a t e d  ( 2 ,5  Kr) m e tac erc ar iae  o f  F. h e p a t i c a .  Fo l lowing  

th e  c e l l  t r a n s f e r  the  r a t s  were ch a l len g ed  w i th  e i t h e r  20 o r  30 

m e ta c e r c a r ia e  o f  F. h ep a t ica  as were un t re a ted  c o n t r o l  r a t s .  I t  was 

found t h a t  lymphoid c e l l s  t r a n s f e r r e d  from r a t s  18-20 weeks a f t e r  

i n f e c t i o n  w i t h  F, he p a t ic a  in to  syngeneic r e c i p i e n t s  c o n fe r re d  a 

s t a t i s t i c a l l y  h ig h ly  s i g n i f i c a n t  p r o t e c t i o n  as judged by t h e  f l u k e  numbers 

recovered from th e  c o n t ro l  r a t s  ( 9 . 3 )  as compared to  t h e  t r e a t e d  r a ts  ( 3 . 1 ) .  

Lymphoid c e l l s  however f a i l e d  to  c o n fe r  p r o t e c t io n  in r a ts  when t r a n s f e r r e d  

f rom r a ts  w i t h  a p r e - b i l e  duct i n f e c t i o n .
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C e l l s  t r a n f e r r e d  from t h e  ra ts  r e c e iv in g  t h e  i r r a d i a t e d  

m e ta c e r c a r ia e  c o n fe r re d  complete p r o t e c t io n  on th e  r e c i p i e n t  r a ts  and 

no f lu k e s  were recovered from these  ra ts  a t  post-mortem w h i l e  a mean 

o f  2 -6  f l u k e s  were recovered from the  c o n t ro l  r a t s .  The ra ts  r e c e i v i n g  

the  i r r a d i a t e d  m e ta c e r c a r ia e  were themselves markedly immune t o  a 

ch a l len g e  i n f e c t i o n  w i th  20 m eta c e rc a r ia e  o f  F. h e p a t ic a  as a mean o f  

, 5  f l u k e s  were found in th ese  r a t s  as aga ins t  2 , 6  f l u k e s  found in th e  

cont r o l s .

There appears t o  be co n c lu s iv e  evidence t h e r e f o r e  t h a t  ra ts  can 

develop a s i g n i f i c a n t  immunity t o  F. hepat ic a  i n f e c t i o n s  under d e f in ed  

c o n d i t io n s  and t h a t  t h i s  immunity is t r a n s f e r r a b l e  by lymphoid c e l l  

suspensions to  p r e v io u s l y  u n in fe c te d  r a t s .

The r e s u l t s  o f  Corba ^  aj_ (1971)  a re  important  in two respects .

In th e  f i r s t  ins tance  they  represent  th e  f i r s t  d e s c r i p t i o n  o f  the  

induct ion  o f  an ac q u i red  r e s is t a n c e  to F. hep a t ica  in animals which 

have not p r e v i o u s ly  been exposed to  th e  p a r a s i t e  and consequently  

s u f f e r e d  some degree o f  l i v e r  damage. The a cq u i re d  re s is t a n c e  

demonstrated in these experiments must t h e r e f o r e  be immune in na ture  as 

i t  cannot be a t t r i b u t e d  t o  prev ious  l i v e r  damage rendering  the environment  

u n s u i t a b le  f o r  f u r t h e r  i n f e c t i o n s .

The f a i l u r e  o f  lymphoid c e l l  suspensions from r a t s  w i t h  a p r e - b i l e  

duct i n f e c t i o n  t o  c o n fe r  an immunity to  r e c i p i e n t  r a t s  represents  the f i r s t  

s i g n i f i c a n t  ev idence  t h a t  an t ig en s  re leased by t h e  mature p a r a s i t e  may be 

re spo n s ib le  f o r  th e  induct ion  o f  a successful  1 immunity.
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The successful  development o f  an a cqu ir ed  r e s i s t a n c e  t o  

i n f e c t i o n s  w i th  F, h ep a t ica  has been demonstrated t h e r e f o r e  on ly  in a 

ve ry  l i m i t e d  number o f  experiments in th e  r a t ,  mouse and bovine and 

only in t h e  r a t  and perhaps t h e  mouse has an Immunological  response 

been im p l ic a t e d  in t h i s  r e s is t a n c e .  The o ra l  a d m i n i s t r a t i o n  o f  v i a b l e  

m e ta c e rc a r ia e  which then develop f o r  a t  l e a s t  a l i m i t e d  p er io d  in th e  

l i v e r  would appear t o  be necessary f o r  th e  successful  in duct io n  o f  an 

a c q u i re d  r e s i s t a n c e .  Th is  o b serva t io n  is c o n s is t e n t  w i th  what has 

a l r e a d y  been d iscovered  about helminth  immunity in t h a t ,  w i t h  one 

important  except io n  which w i l l  be discussed l a t e r ,  a t tempted  immunisat ion  

o f  animals w i t h  e x t r a c t s  o r  homogenates o f  he lm in th  p a r a s i t e s  has proved  

u n i fo rm ly  unsuccessfu l .  The o n ly  successful  he lm in th  vaccines c u r r e n t l y  

a v a i l a b l e  use i r r a d i a t e d  a t t e n u a t e d  la rv a e  which m ig ra t e  f o r  a l i m i t e d  

p er io d  in t h e  h o s t .  I t  is perhaps on ly  in t h i s  way t h a t  th e  a p p r o p r ia t e  

p a r a s i t e  a n t ig en s  a r e  made a v a i l a b l e  t o  th e  r e l e v a n t  lymphoid t i s s u e  in 

t h e  host  in o rd e r  to  s u c c e s s f u l l y  s t i m u l a t e  an immune response e i t h e r  

c e l l u l a r ,  humoral o r  both.  There is o n ly  a l i m i t e d  amount known about  

t h e  mechamisms invo lved  in t h e  In duct io n  and express ion  o f  an immune 

response a g a in s t  he lminth  p a r a s i t e s  and a b r i e f  rev iew o f  t h e  r e le v a n t  

l i t e r a t u r e  may serve to  d e f i n e  p o s s ib le  mechanisms o f  th e  host response 

to  I n f e c t i o n s  w i t h  F. h e p a t i c a .

Schistosomes a r e  trematode p a r a s i t e s  w i th  w a te r  s n a i l s  as th e  

In te r m e d ia te  hosts .  The c e r c a r i a e  p e n e t ra te  t h e  sk in  o f  t h e  f i n a l  host  

and then m ig ra te  w i t h  t h e  c i r c u l a t i o n  t o  a f i n a l  l o c a t i o n  in t h e  p o r ta l  

v e in s .  The h o s t - p a r a s i t e  r e l a t i o n s h i p  between S, mansoni and t h e  

rhesus monkey Macaca m ula t ta  has been th e  most i n t e n s i v e l y  s tu d ie d  w i th
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regards to  t h e  mechanisms o f  th e  Immune responses o f  t h e  h o s t .  In t h i s  

system a la r g e  p r o p o r t io n  o f  t h e  i n f e c t i v e  dose w i l l  develop to  m a t u r i t y .

The faeces egg counts reach a maximum between 8 -1 2  weeks a f t e r  i n f e c t i o n  

then i t  f a l l s  sh arp ly  but p e r s i s t s  a t  a low leve l  f o r  up t o  a y e a r .

Rhesus monkey can develop a comple te immunity t o  r e i n f e c t i o n s  w i th  

S, mansoni f o l l o w i n g  a s i n g l e  i n f e c t i o n  w i th  t h i s  p a r a s i t e  (Smîthers  

and T e r r y  I 9 6 9 ) .  The i n i t i a l  I n f e c t i o n  w i l l  become p a ten t  and p e r s i s t  

through t h e  d e s t r u c t i o n  o f  t h e  c h a l le n g e  i n f e c t i o n s ,  a phenomenon termed  

'concomitan t  immunity ' .

In t h i s  host  p a r a s i t e  system some o f  th e  p o s s ib le  immunological  

responses o f  th e  host have been s tu d ied  using a s o p h i s t i c a t e d  system 

in v o lv in g  t r a n s f e r  o f  a d u l t  worms from th e  p o r t a l  v e in s  o f  an in f e c t e d  

host  t o  t h e  p o r t a l  system o f  a p r e v io u s l y  u n in f e c t e d  h o s t .  I t  has been 

shown in t h i s  way t h a t  t h e  a d u l t  worm is re s p o n s ib le  f o r  th e  induct ion  

o f  a p r o t e c t i v e  immunity to  S, mansoni in t h e  rhesus monkey (Smithers  

and T e r r y  19&7).

Another f i n d i n g  using t h i s  host t r a n s f e r  system is t h a t  worms 

t r a n s f e r r e d  from hosts such as mice in to  rhesus monkeys p r e v i o u s ly  

immunised a g a in s t  t h e  o r i g i n a l  hosts c e l l s  can be shown using e l e c t r o n  

microscopy t o  s u f f e r  very  severe  tegumental damage w i t h i n  hours o f  th e  

t r a n s f e r  t a k i n g  p la c e .  The damage has been shown t o  be an t ibo d y  mediated  

by t h e  l o c a t i o n  o f  f e r r i t i n  l a b e l l e d  a n t ib o d ie s  a t  t h e  s i t e s  o f  tegumental  

damage, (Smi thers  and T e r r y ,1 9 & 9 ,  Smithers,  T e r r y  Hockley I 9 6 9 ) .

Since t h e  an t is eru m  was r a is e d  ag a in s t  t i s s u e  an t ig e n s  o f  th e  o r i g i n a l  

h ost ,  th ese  an t ig en s  o r  s i m i l a r  p a r a s i t i c  an t ig e n s  must be adherent  t o  or  

in c orpo ra ted  in t o  th e  tegument o f  these  t r a n s f e r r e d  worms. This  somewhat
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a r t i f i c i a l  system has shown t h a t  a n t ib o d ie s  s t im u l a t e d  in monkeys by 

means o t h e r  than a prev ious  i n f e c t i o n  would d estroy  t r a n s f e r r e d  worms 

and pro v id ed  ev idence  t h a t  schistosomes were s u s c e p t i b l e  t o  th e  a c t i o n  

o f  c i r c u l a t i n g  a n t ib o d y .  I t  has now r e c e n t l y  been shown (Hockley and 

Smithers 1970)  t h a t  by i n f e c t i n g  a monkey and a shor t  w h i l e  l a t e r  

t r a n s f e r r i n g  th ese  worms in to  a hyperimmune monkey t h a t  s i m i l a r  tegumental  

damage occurs but i t  is less severe and more fo c a l  in n a t u re  than  

demonstrated in th e  prev ious  system.

This  o b s e rv a t io n  o f  t h e  small  numbers o f  an t ig en s  recognised when 

worms a r e  t r a n s f e r r e d  from one monkey t o  a hyperimmune monkey as compared 

t o  th e  l a r g e  number recognised  when wornis were t r a n s f e r r e d  from a d i f f e r e n t  

host  species in to  a monkey immune t o  t h e  o r i g i n a l  host  would appear to  

suggest t h a t  in a n a tu r a l  i n f e c t i o n  t h e  monkey can recognise on ly  a few 

o f  th e  a n t i g e n i c  s i t e s  on th e  tegument o f  th e  worm. The apparent  i n a b i l i t y  

o f  a host  t o  recogn ise  and mount a s i g n i f i c a n t  immune response a g a in s t  

some p a r a s i t i c  a n t i g e n i c  determinants  has been discussed a t  some length  in 

t h e  1i t e r a t u r e ,

Dineen (1963)  cons idered  t h a t  in any h o s t - p a r a s i t e  r e l a t i o n s h i p  th e  

immunological response o f  th e  host  provided an environment f o r  th e  

s e l e c t i o n  and e v o l u t i o n  o f  g e n e t ic  v a r i a n t s  o f  th e  p a r a s i t e  p h y s i o l o g i c a l l y  

and p a t h o l o g i c a l l y  best  s u i t e d  t o  t h e  h o s t - p a r a s i t e  r e l a t i o n s h i p .  This  

e v o l u t i o n  would e l i m i n a t e  the  p a r a s i t i c  an t ig en s  which s t im u l a t e d  an 

e f f e c t i v e  immune response in t h e  host  and th e  p a r a s i t e  would e v e n t u a l l y  

appear in t h e  form which pro v id ed  minimal a n t i g e n i c  s t i m u l a t i o n  o f  th e  

h o s t ,
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Damian (1964)  a f t e r  an e x te n s iv e  review o f  h o s t - p a r a s i t e  r e l a t i o n s h i p s  

developed a premise s i m i l a r  t o  t h a t  proposed by Dineen (1963)  Damian 

however cons idered  t h a t  some p a r a s i t e s  may have evo lved  a system f o r  

s e l e c t i o n  and fo rm at ion  o f  an t ige n s  s i m i l a r  to  those  o f  t h e i r  host  from 

some bas ic  pool o f  g e n e t ic  in f o rm a t io n .  These a n t ig e n s  were termed  

' e c l i p s e d  a n t ig e n s '  and were d e f in e d  as a n t i g e n i c  dete rminants  o f  

p a r a s i t i c  o r i g i n  which resemble a n t i g e n i c  determin ants  o f  t h e i r  hosts to  

such a degree as not t o  s t i m u l a t e  an t ib o d y  f o r m a t io n .  Damian a ls o  warned 

a g a in s t  the  p o s s i b i l i t y  o f  confusing  contaminat ing  host  an t ig en s  w i th  

t r u e  p a r a s i t i c  a n t ig e n s .

Capron, B ig u e t ,  Vernes,  A fcha in  (1968)  rep o r ted  an e x te n s iv e  

i n v e s t i g a t i o n  o f  cross re a c t io n s  between host  and p a r a s i t e  an t ig ens  

using im munoelec trophoret ic  a n a l y s i s .  I t  was proposed t h a t  th e  common 

a n t i g e n i c  determ inants  which were found between v a r io u s  hosts and t h e i r  

p a r a s i t e s  were so few in number and occurred w i t h  such r e g u l a r i t y  t h a t  

they  could  not be due t o  chance contaminat ion  from a la r g e  p o s s ib le  

number o f  host  contam inat ing  a n t ig e n s ,  Capron ^  aj_ d isagreed w i t h  t h e  

previous hypothes is  o f  p a r a s i t i c  a d a p ta t io n  and proposed in s tead  t h a t  an 

in d u c t i v e  process is r es p o n s ib le  in th e  p a r a s i t e s  f o r  th e  fo rm at io n  o f  

l a t e n t  p r o t e i n  a n d /o r  enzyme systems p ro v id in g  t h e  p a r a s i t e  w i th  a n t i g e n i c  

dete rminants  s i m i l a r  t o  i t s  newly acq u i red  h ost .

Sm ithers ,  T e r r y ,  Hockley (1969)  in th e  s e r i e s  o f  experiments  using  

worms t r a n s f e r r e d  from one host  t o  another noted t h a t  i f  worms were  

t r a n s f e r r e d  from mice in to  normal monkeys they  would e v e n t u a l l y  develop  

n o rm a l ly ,  i f  however,  th e  worms were t r a n s f e r r e d  in t o  monkeys immune t o  

mouse an t ig en s  then th e  t r a n s f e r r e d  worms died  w i t h i n  hours o f  t r a n s f e r .
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I t  was a ls o  found t h a t  i f .  worms from mice were t r a n s f e r r e d  in to  

normal monkeys and a week l a t e r  t r a n s f e r r e d  in to  an t i -mouse monkeys 

no damage occurs and the  worms develop n o rm a l ly .  Th is  was taken as 

evidence f o r  th e  loss o f  a c q u i re d  mouse a n t ig en s  and th e  adoption o f  

monkey an t ig en s  w i t h i n  the  p e r io d  o f  a week, Smithers e t  a l  considered  

t h a t  t h i s  f i n d i n g  would support  the ' i n d u c t i v e '  hypothes is  o f  Capron 

e_t aj_ r a t h e r  than th e  g e n e t ic  s e l e c t i o n  th eo ry  o f  Dineen and Damion. 

Smithers ^  then proposed another  a l t e r n a t i v e  e x p l a n a t io n  o f  t h e i r  

f i n d i n g  termed a ' s e l e c t i v e  c o n t a m in â t ive  h y p o t h e s i s ' .  Th is  proposes 

t h a t  th e  host  an t ig en s  found in schistosomes were in a c tu a l  f a c t  

synthes ised  by the host and then f i r m l y  bound t o  th e  s u r fa c e  or  

in c o rp o ra te d  in to  th e  tegument o f  th e  p a r a s i t e .

The p o s s i b i l i t y  o f  a p a r a s i t e  adapt ing  i t s  a n t i g e n i c  s t r u c t u r e  

to  make i t  ' a n t i g e n i c a 11 y i n v i s i b l e '  t o  i t s  host is one o f  the  most 

i n t r i g u i n g  qu est io n s  in p a r a s i t i c  immunity but a t  the moment no c o n c lu s ive  

ev idence  is a v a i l a b l e  t o  suggest how and when i t  may occur.  The g e n e t ic  

a d a p t a t io n  o f  a p a r a s i t e  t o  i t s  host  is one o f  the  most i n t r i g u i n g  

quest ions in p a r a s i t i c  immunity but a t  the  moment no c o n c lu s iv e  evidence  

is a v a i l a b l e  t o  suggest how and when i t  may occur .  The g e n e t ic  

a d a p t a t io n  o f  a p a r a s i t e  to  i t s  host  could e x p l a i n  th e  apparent  

d i f f e r e n c e s  between F, h e p a t ica  i n f e c t i o n s  in th e  o v in e  and bov ine .  I t  

could  be proposed t h a t  g e n e t i c a l l y  th e  p a r a s i t e  is best  adapated t o  the  

o v in e  and consequently less w e l l  adapted to  t h e  bovine so a l l o w i n g  a 

s u f f i c i e n t  a n t i g e n i c  d i s p a r i t y  to  occur which can s t i m u l a t e  an e f f e c t i v e  

immune response.

One o f  t h e  most s i g n i f i c a n t  advances in the  Immunology o f  p a r a s i t i c  

disease in recent  years  has been the successful  induct ion  o f  a f u n c t i o n a l  

immune response in a host by immunisat ion w i t h  p u r i f i e d  a n t i g e n i c  m a t e r ia l  

from a p a r a s i t e .  As has been discussed b e fo re  t h e  many prev ious  a ttem pts  

t o  immunise hosts w i t h  e x t r a c t s  or  homogenates o f  p a r a s i t e s  had been
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u n i fo rm ly  unsuccessfu l .  R ecent ly  however I s o l a t e d  p a r a s i t i c  an t igens  

have been used s u c c e s s f u l l y  to  induce an immunity a g a in s t  T r i c h i n e l l a  

s p i r a l  is in f e c t i o n s  in mice.  The g ra v id  female T.  s p i r a l i s  worm 

p e n e t ra te s  through the mucosa o f  th e  i n t e s t i n e  in to  the lymph spaces 

where the  female sheds v i a b l e  la rv a e  which have developed from the  egg 

in u t e r o . These la r v a e  a re  d i s t r i b u t e d  throughout the body v i a  th e  

lymphat ics  and bloodstream. The la rv a e  which reach t h e  v o l u n t a r y  muscles 

develop f u r t h e r  and e v e n t u a l l y  en cyst .  The l i f e  c y c le  is completed by 

the  in g e s t io n  o f  a f f e c t e d  muscle by another  host and th e  la rv a e  encyst  

or  grow t o  m a t u r i t y  in th e  i n t e s t i n e .

Despommier and Wostmann (1968,  1969) described  an exper imenta l  

system where mature T. s p i r a l i s  muscle la rvae  were p laced in d i f f u s i o n  

chambers which were then implanted in the p e r i t o n e a l  c a v i t y  o f  mice.

The mice were found,  a f t e r  7 days o f  im p la n t a t io n ,  to  have become immune 

to  c h a l le n g e  i n f e c t i o n s  w i th  T. s p i r a l i s  and showed a s i g n i f i c a n t  reduct ion  

in both deve loping muscle la r v a e  and a d u l t s .  The immunity p e r s i s t e d  f o r  

a t  l e a s t  6 months a f t e r  the  removal o f  the  chambers. Exposure t o  

d i f f u s i o n  chambers f o r  5 days a l lowed  maximal development o f  immunity 

a g a in s t  muscle l a r v a l  stages w h i l e  f u r t h e r  in c rea s in g  th e  exposure t ime  

reduced th e  number o f  a d u l t s  deve lop in g .  Despommier and M u l l e r ,

(1970a,  b) then loca ted  th e  fu n c t io n a l  an t ig ens  o f  the  T .  spj r a i l s  muscle 

l a r v a e  to  t h e  g ra n u le  f r a c t i o n  o f  th e  s t l c h o c y t e  c e l l  o f  t h e  st ichosome.

Two types  o f  granules  were i s o l a t e d  an alpha and beta g ra n u le ,  each 

d is t i n g u i s h e d  on s i z e .  Immunisat ion o f  mice w i t h  the  alpha  granule  a lone  

r e s u l t e d  in an 80% reduct ion  In t h e i r  acquired  i n f e c t i o n  and immunisation 

o f  mice w i t h  both granu le  f r a c t i o n s  r e s u l t e d  in an 90-95% reduct ion in 

t h e i r  acqu ired  i n f e c t i o n .  F u r th e r  p u r i f i c a t i o n  o f  th ese  granu les loca ted  

the  fu n c t io n a l  an t ig e n  in a B type  o f  g ra nu le ,  Despommier (1971)  then  

went on to  show t h a t  only th e  mature muscle l a rv a e  and the a d u l t  worm possessed 

t h i s  an t ig e n  and th a t  on ly  these  stages o f  th e  p a r a s i t e  were a f f e c t e d  by the  

immune response.
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This i s o l a t i o n  and successful  use o f  a f u n c t i o n a l  a n t ig e n  is 

perhaps th e  most encouraging r e s u l t  in the  recent  i n v e s t i g a t i o n s  o f  the  

Immune response to  p a r a s i t e s  as i t  provides a p o s i t i v e  i n d ic a t i o n  t h a t  

on ly  a few an t ig en s  from th e  complex a n t i g e n i c  mosaic o f  any p a r a s i t e  may 

e v e n t u a l l y  be r e sp o n s ib le  f o r  th e  induct ion  o f  a successful  Immune 

response in the  host  spec ies .

Both th e  schistosomes and T.  s p i r a l i s  have a f i n a l  l o c a t io n  w i t h i n  

t h e  host  t i s s u e  e a s i l y  a c c e s s i b le  t o  c i r c u l a t i n g  a n t ib o d y  or Immunologica l ly  

committed c e l l s .  F. hep a t ica  has 2 stages in i t s  m ig ra t io n  in th e  f i n a l  

host which a re  f u n c t i o n a l l y  o u t s id e  the  host  on th e  e x t e r n a l  su r fac e  o f  a 

mucous membrane. The f i r s t  is an excys t in g  m e ta c e r c a r ia e  in th e  i n t e s t i n e  

and the second and most importan t  is as an a d u l t  f l u k e  in th e  b i l e  ducts.

The a c c e s s i b i l i t y  o f  t h e  p a r a s i t e  a t  these  stages t o  an immune response is 

consequent ly  much more l i m i t e d  than t h a t  o f  a p a r a s i t e  whose f i n a l  lo c a t io n  

is w i t h i n  host t i s s u e .  There has been an e x t e n s iv e  study using 

N ip p o s t ro n q y1 us b r a s i l i e n s i s  in f e c t i o n s  In the  r a t  as a l a b o r a t o r y  model 

In to  th e  mechanisms o f  th e  immune response a t  mucous s u r fa c e s .  The t h i r d  

stage la r v a e  o f  t h i s  nematode p a r a s i t e  p e n e t r a t e  th e  sk in  o f  the host  

then m ig ra te  v ia  th e  bloodstream and lungs to  a f i n a l  l o c a t io n  in t h e  small  

i n t e s t i n e  o f  the  r a t .

The p a t t e r n  o f  ex p u ls io n  o f  N. b r a s i l i e n s i s  from r a ts  w i th  a pr imary  

i n f e c t i o n  w i th  t h i s  p a r a s i t e  was desdr ibed by M u l l i g a n ,  U rquhar t ,  Jennings,  

N e i ls on  (1 9 6 5 ) .  Rats in f e c t e d  w i t h  N. b r a s i l i e n s i s  w i l l  expel 1 the  

m a j o r i t y  o f  t h e i r  acq u i red  worm burden between 10-20 days a f t e r  i n f e c t i o n  

and t h i s  e xp u ls io n  is preceded by a sharp f a l l  in the  egg output  o f  the  

worms. I t  was a ls o  shown t h a t  t h i s  immunity could  be p a s s i v e l y  t r a n s f e r r e d  

using serum from p r e v i o u s ly  i n f e c t e d  r a t s .  O g i l v i e  and Hockley ( I 9 6 8 )
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confirmed  th e  immune n a tu re  o f  the  expuls io n  by showing t h a t  when worms 

were r e p e a t e d ly  t r a n s f e r r e d  a t  4  days i n t e r v a l s  In t o  normal ra ts  a f t e r  

20 days no s i g n i f i c a n t  redu ct ion  in egg output  or  worm burden cou ld  be 

demonst r a te d .

Various aspects  o f  t h e  damage s u f f e r e d  by these  worms have a ls o  been 

descr ib ed .  O g i l v i e  and Hockley (1968)  using a system in which worms were  

t r a n s f e r r e d  a t  v a r io u s  i n t e r v a l s  a f t e r  i n f e c t i o n  i n t o  th e  small  i n t e s t i n e  

o f  normal r a t s  described  severa l  aspects o f  t h i s  immunologic damage. I t  

was found t h a t  worms taken from r a ts  10 days a f t e r  a p r im ary  i n f e c t i o n  w i th  

N. bras 11 ie n s is  had s u f f e r e d  i r r e v e r s i b l e  damage and could  not r e - e s t a b l i s h  

themselves in normal r a t s .  The damaged worm showed v a c c u o la t io n  in t h e i r  

gut c e l l s  both on l i g h t  and e le c t r o n  microscopy.  These s tu d ie s  were 

extended by Lee (1969 )  who noted s t r u c t u r a l  changes in t h e  cy to lo g y  o f  th e  

gut c e l l s ,  in t h e  male re p ro d u c t iv e  t r a c t  and an in c reas e  in the  l i p o i d  

vacuoles In the cytoplasm o f  the  hypodermis,  muscles,  e x c r e t o r y  gland,  

r e p r o d u c t iv e  system and i n t e s t i n e .  Lee ( 1 9 7 0  found t h a t  damaged worms 

had a s i g n i f i c a n t l y  h ig h e r  n e u t ra l  f a t  content  on chemical  examinat ion  

than d id  undamaged worms and discussed the p o s s i b i l i t y  o f  t h i s  being the  

r e s u l t  o f  a move o f  th e  p a r a s i t e  away from th e  gut w a l l  to  a p o s i t i o n  

where anaerob ic  r e s p i r a t i o n  was necessary r e s u l t i n g  in an increase  In the  

amount o f  l i p i d  which cou ld  not be m etabo l ised .  Henney, MacLean, M u l l ig a n  

( 1 9 7 0  showed t h a t  damaged worms had a reduced uptake o f  r a d i o a c t I v e l y 

l a b e l l e d  in org an ic  phosphate as compared to  normal worms and t h a t  t h i s  

d i f f e r e n c e  became apparent  as e a r l y  as 7 days a f t e r  i n f e c t i o n .  Edwards, 

B urt ,  O g i l v i e  ( 1 9 7 0  then descr ibed  changes in th e  iso-enzymes o f  

a c e t y l c h o l i n e s t e r a s e  in i r r e v e r s i b l y  damaged worms from immune ra ts  and 

proposed t h a t  t h i s  was due t o  immune damage e i t h e r  t o  th e  enzyme or i t s  

b io s y n th e s is  pathway.  I t  was proposed t h a t  t h i s  enzyme may be the an t ig e n  

res p on s ib le  f o r  th e  in d u ct io n  o f  immunity in th e  r a ts  I n f e c t e d  w i th  

N. bras 11 i e n s i s . .
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There îs then a c o n s id e ra b le  amount o f  ev id ence  t o  show t h a t  

immune damage can occur t o  p a r a s i t e s  on th e  e x te r n a l  su r fa c e  o f  a mucous 

membrane but u n f o r t u n a t e l y  l i t t l e  or no evidence a v a i l a b l e  to  d e f i n e  th e  

means by which t h i s  damage occurs.

In conc lu s ion  i t  can be noted t h a t  t h e r e  is ev idence  to  suggest t h a t  

F. h ep at ic a  as a trematode should be v u l n e r a b l e  to  immune damage and th a t  

immune mechanisms e x i s t  which can invo lve  p a r a s i t e s  on th e  e x t e r n a l  su r fa ce  o f  

a mucous membrane. I t  is  u n c e r ta in  which stage  o f  t h e  p a r a s i t e  could  be 

considered r es p o n s ib le  f o r  t h e  induct ion  o f  a successfu l  acqu ired  re s is t a n c e  

but t h e r e  is some ev idence  to  suggest t h a t  th e  a d u l t  t rematode may be the  

main a n t i g e n i c  s t im ulu s  to  t h e  host .

A s e r ie s  o f  exper iments were devised to  i n v e s t i g a t e  the  response o f  

p a r a s i t e  f r e e  ca lves  t o  i n f e c t i o n  w i th  F. hep at ic a  and t h e i r  subsequent  

r e s is t a n c e  to  r e i n f e c t i o n  a t  va r io u s  t imes a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  in 

the  presence or  absence o f  th e  f l u k e  popu la t io n  d e r iv e d  from th e  i n i t i a l  

I n f e c t i o n .  The l e v e l  o f  d isease  produced In th e  ca lve s  by these  I n f e c t io n s  

was assessed on th e  bas is o f  an i n t e r f e r e n c e  w i t h  weight  ga in s ,  development  

o f  an anaemia,  hypoa1buminaemia, hypergammaglobul inaemia and the  serum 

glu tam ic  o x a l o a c e t i c  t ransminase le ve l  was used as an i n d i c a t i o n  o f  h e p a t ic  

c e l l  ne c ro s is .  (C o rn e l iu s  and Kaneko 1963).



MATERIALS AND METHODS
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A Experimental  Animals

(1 )  The r e a r in g  and maintenance o f  p a r a s i t e  f r e e  animals

D airy  ca lve s  aged t h r e e  to  seven days o ld  were s e le c t e d  from groups 

o f  market ca lves  on a bas is  o f  high serum immunoglobulin l e v e l s  as 

determined by th e  z i n c  su lp h a te  t u r b i d i t y  t e s t  (McEwan, F is h e r ,  Selman,

Penhale 1968) .  The le v e l  o f  20 Z . S . T .  u n i ts  was taken as th e  minimum 

l eve l  r e q u i re d  by th e  c a l f  t o  g iv e  good p r o t e c t i o n  a g a in s t  th e  l e t h a l  

e f f e c t s  o f  c a l f  d ia r rho e a  (Gay, Anderson e t  a l , 1965) .  The c a lves  were

housed i n d i v i d u a l l y  in g a lva n ised  i ron huts and fed  warm whole m i lk  a t  the  

r a t e  o f  one p i n t  o f  m i l k  per  10 lb .  bodyweight per day f o r  the f i r s t  two 

months o f  l i f e .  Hay, wate r  and c a l f  weaner p e l l e t s  ( B r i t i s h  O i l  and Cake 

M i l l s  L t d . ,  Renfrew,  S co t lan d )  were provided from th e  beginning o f  th e  

t h i r d  week onwards. M i l k  was withdrawn over th e  e ig h tweek  and th e  amount 

o f  hay and c o n c en t ra tes  increased,  the  ca lv es  being a l lo w ed  c o n c e n t ra te  

fee d in g  ad l i b . At  ten  weeks o f  age th e  c a lves  were housed t o g e t h e r  in 

c a l f - p e n s  and remained housed in t h i s  accommodation t i l l  in c reas ing  s i z e  

n e c e s s i t a te d  moving some c a lv e s  in to  loose boxes where they  stayed t i l l  th e  

end o f  the expe r im en t .  The c o n c en t ra te  fed was changed g r a d u a l l y  from 

c a l f  weaner p e l l e t s  ( B r i t i s h  O i l  and Cake M i l l e s  L t d . ,  Renfrew,  Sco t lan d )  

t o  c a l f  r e a r e r  p e l l e t s  (B.O.C.M.  L t d . ,  Renfrew, S c o t la n d )  from th e  f o u r t e e n t h  

week onwards. The ca lv es  were given f r e e  access t o  co n ce n t ra tes  and hay 

t i l l  f i v e  months o f  age when co n c e n t ra te  fe ed in g  was r e s t r i c t e d  t o  8 -  10 lbs,  

per day.

(2 )  Weighing Procedures

The c a lves  were weighed a t  th e  same t ime on th e  same day each week 

t o  g ive  as c o n s i s t e n t  reco rd ings as p o ss ib le  dur ing th e  experim ents .  Young 

ca lves  we ighing up t o  400 lb s ,  were weighed on a Gascoinge c a l f  weigh 

balance (Gascoigne,  Reading, England)  but when over  t h i s  we ight  they  were
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weighed on a Gascoigne 4 Point  Weight Crush (Gascoigne,  Reading,

England)  which was a c cu ra te  to  10 l b s , ,

B. Haemato lo g ic a l  Est im at ions

(1 )  C o l l e c t i o n  o f  Samples

Blood samples were always c o l l e c t e d  from the Ju g u la r  v e in .

Samples f o r  r o u t i n e  haematology were c o l l e c t e d  in to  a b i j o u  b o t t l e  

(5 m l . )  c o n t a in in g  .1 ml.  o f  11% s o lu t io n  o f  e t h y l e n e d i a m i n e - t e t r a c e t a t e  

( E . D . T . A . )  which had been a l lo w ed  to evapora te to  dryness a t  room 

t em pera ture .  Two to t h r e e  mis.  o f  blood were c o l l e c t e d  in the b o t t l e  

which was then stoppered and shaked g e n t ly  to  d i s s o l v e  th e  a n t i c o a g u l a n t .  

Haematologica l  examinat ions were c a r r i e d  out w i t h i n  fo u r  hours o f  the  

sample being taken .

Samples from which serum was to  be c o l l e c t e d  were c o l l e c t e d  in to  

25 ml.  U n iversa l  b o t t l e s  which conta in ed  no \  ̂ a n t i c o a g u l a n t .  About 20 ml 

o f  blood was c o l l e c t e d  in to  each b o t t l e  and the samples were a l lowed to  

c l o t  and the c l o t c o n t r a c t  by leav in g  them standing o v e r n ig h t  a t  room 

tem pera ture .  The samples were then c e n t r i f u g e d  f o r  10 minutes a t  2 ,000  

r .p .m .  in a M.S .E.  c e n t r i f u g e .  (Measuring S c i e n t i f i c  Equipment, London, 

England) .  The serum was then drawn o f f  using a p i p e t t e  In to  5 ml.  

b o t t l e s  and s tored  a t  -20°C .

(2)  Packed Ce l l  Volume ( P . C . V . )

The packed c e l l  volume percentage was o b ta in ed  using the mic ro -  

haematocr i t  method as described by F isher  (196 2 ) .

(3)  Haemoglobin C oncentra t ion  (Hb)

The haemoglobin c o n c e n t ra t io n  in grams per 100 ml . was determined  

using the oxyhaemoglobin method descr ibed  by Dacie and Lewis (19 66 ) .

The oxyhaemoglobin content  was es t im ated  by using an E .E .L .  c o lo r im e t e r  

(Evans E le c t r o - s e le n i u m  L t d . ,  Har low,  England)  w i t h  a ye l lo w -g r e e n  f i l t e r
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( I l f o r d ,  No. 6 2 5 ) .  The c o l o r i m e t e r  was c a l i b r a t e d  using th e  standard  

cyanmethaemoglobin s o lu t io n  (cyanmethaemoglobin standard s o lu t io n  to

B.S,  3985 P o o le ,D o r s e t ,  England) .  The standard s o l u t i o n  was 

used b e fo re  each set  o f  samples were read to check f o r  e r r o r  in the  

c o lo r  i meter ,

(4)  T o ta l  Red C e l l  Counts

T o ta l  c e l l  counts were made on an e l e c t r i c  p a r t i c l e  counter  (C o u l te r  

Model D, C o u l t e r  I n d u s t r i a l  Sa les  Co. ,  Elmhurst ,  I l l i n o i s ,  U . S . A . )  which 

had been c a l i b r a t e d  f o r  bovine blood c e l l s  by the method descr ibed  by 

Crighton ( 1 965 ) .

(5)  a ) Mean Corpuscular  Volume (M .C .V . )

The mean co rp u scu la r  volume was d er iv ed  from th e  f o l l o w in g  formula

Packed Ce l l  Volume %_________ x 10_______
To ta l  red c e l l  count (mi 11 ions/cu .m m.)

and expresssed in u n i t s  o f  cub ic  microns ( c . u )

b) Mean Corpuscular  Haemoglobin C oncentra t ion  (M .C .H .C . )

The mean co rpuscu la r  haemoglobin c o n c en t ra t io n  was d e r ive d  from the

f o l l o w in g  formula

Haemoglobin conc. (grams. / lOO m l . )  x 100 
packed c e l l  volume %

and expressed as a percentage

C. Biochemical Est im at io ns

(1 )  T o ta l  Serum P ro te in  Concentrat ion

The t o t a l  p r o t e i n  c o n c e n t ra t io n  was es t im ated  by th e  b i u r e t  method o f  

Wiechselbaum (1946)  using an E . E . L .  Spectra c o lo r im e t e r  (Evans E le c t r o s e le n iu m  

L t d . ,  Har low,  England)  a t  a wavelength o f  540 mu. The c a l i b r a t i o n  was 

c a r r i e d  out using a standard s o lu t i o n  o f  known p r o t e i n  c o n c e n t ra t io n  ( " V e r s a t o l "  

W.R. Warner & Co. L t d . ,  E a s t l e i g h ,  Hampshire, England) ,  and th e  r e s u l t s  

expressed as gms. o f  p r o t e i n / 1 0 0  ml. o f  serum.
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(2 )  Serum P r o t e in  E le c t r o p h o r e s is

The serum p r o t e i n s  were separated  by e l e c t r o p h o r e s i s  using c e l l u l o s e  

a c e t a t e  s t r i p s  (Oxoid L t d . ,  London, England)  w i t h  n - o c t o a t e  b a r b i t o n e  b u f f e r  

(pH 8 . 6 )  in h o r i z o n t a l  e l e c t r o p h o r e s i s  tanks (Shandon, London, England) ,

Serum was a p p l i e d  to  th e  s t r i p  in amounts o f  .0025 -  ,0 0 4  ml.  using graduated  

p i p e t t e s  (Shandon, London, England)  and a cu r re n t  o f  1 m , A , / s t r i p  was a p p l i e d  

f o r  two hours using a Vokam power pack (Shandon, London, England) .  The 

s t r i p s  were then removed from th e  ta nks ,  f i x e d  in 5% aqueous t r i c h l o r a c e t i c  

ac id  f o r  10 minutes then s t a in e d  w i th  .2% Ponceau S. e l e c t r o p h o r e s i s  s t a i n  

(G.T. Gurr ,  L t d . ,  London, England)  In aqueous t r i c h o r a c e t i c  a c id  f o r  5 minutes,  

The s t r i p s  were washed clean o f  excess s t a i n  in 3 baths o f  5% aqueous a c e t i c  

a c i d .  They were then e v a lu a te d  a u t o m a t i c a l l y  as descr ib ed  by N e i l l  ( I 9 6 3 ) 

using a Chromoscan record ing  dens itom eter  c o n s t i t u e n t s .  The q u a n t i t a t i v e  

va lues  f o r  albumin and t o t a l  g l o b u l i n s  were d e r ived  from th e  product  o f  these  

p r o p o r t io n s  and the v a lu e  f o r  th e  t o t a l  serum p r o t e i n  c o n c e n t r a t i o n .  The 

va lues  f o r  serum albumin and t o t a l  g l o b u l i n  a re  expressed In grams per 100 ml.

(3)  Serum G 1 u tam ic -O xa le ce t Ic  t ransaminase (SGOT) Es t im a t io n

The SGOT le v e ls  were e s t im ate d  using th e  c o lo r o m e t r ic  method descr ibed  

in th e  Sigma Technical  B u l l e t i n  No. 505 (Sigma, London Chemical Co. L t d . ,  

London, England) .  The SGOT c a t a ly s e s  a rea c t io n  r e s u l t i n g  in th e  fo rmat ion  

o f  o x a l o a c e t i c  a c i d .  Th is  then decomposes to p y ru v ic  a c i d  and a re a c t io n  

w i t h  2 - 4  d i n i t r o p h e n y 1h y d r o z i ne forms the hydrazone which i t s e l f  forms an 

in ten se  brown c o lo u r  on th e  a d d i t i o n  o f  sodium h yd ro x ide .  The o p t i c a l  

d e n s i ty  o f  t h e  re a c t io n  was measured in a Unicam S.P .  6OO spect rophotometer  

(Pye Unicam, Cambridge, England)  a t  505 mu. and th e  r e s u l t s  expressed in 

Sigma Frankel (S -F )  u n i t s .



4 4

D. PARASITOLOGICAL TECHNIQUES

1. Product ion o f  m eta c e rc a r ia e

The m e ta c e r c a r ia e  used in Experiment 1, 2 and 3 were produced by the  

method descr ibed  in d e t a i l  by Reid (1 9 6 8 ) .  Lymnaea t r u n c a t u la  were reared  

on mud slopes in po ly thene  l i n e d  boxes and each box was c o n s t a n t l y  i r r i g a t e d  

by a stream o f  de ion is ed  w a t e r .  The s n a i l s  were fed once a day and th e  food 

was made up o f  4  p a r ts  m i lk  powder (Cow and Gate,  G u i ld f o r d ,  England) ,  3 parts  

Farex (Glaxo L a b o r a t o r i e s ,  Greenford ,  England) ,  1 p a r t  Bemax (V i tamins L t d . ,  

London, England)  and powdered sodium carbonate  to about one q u a r t e r  o f  the  

t o t a l  volume. The in g r e d ie n t s  were mixed and ground in a mortar  and p e s t l e .

M i r a c i d i a e  were o bta in ed  by hatch ing F. hep a t ica  eggs recovered from 

sheep b i l e  under s t imulu s  o f  l i g h t .  When the  s n a i l s  were 3"5 mms. long 

they were each in f e c t e d  w i th  4 - 5  m i r a c i d i a e  then rep laced  on a f r e s h l y  

prepared  mud slope .  I t  took an average o f  8 weeks f o r  c e r c a r i a e  t o  develop  

in th e  s n a i l s .  The i n f e c t e d  s n a i l s  were s t im u la t e d  to  shed the c e r c a r i a e  

by p la c in g  them on m e l t in g  d e ion is ed  ice  standing  in a ce l lophane  l i n e d  box.

As the c e r c a r i a e  leave  the s n a i l  they encyst as m e ta c e r c a r ia e  on th e  

ce l lo p h an e  and th e  ce l lo p han e  and m etac erc ar iae  were s to re d  a t  4°C.  in 

deion Ised w a t e r .

The number o f  m e ta c e rc a r ia e  produced by each s n a i l  kept  under these  

c o n d i t io n s  was low and t h e i r  i n f e c t i v i t y  in the  f i r s t  t h r e e  experiments was 

never g r e a t e r  than 16% al though takes o f  51% had been described  in expérimenta  

I n f e c t i o n s  o f  c a lves  p r e v io u s l y  (Dixon,  1964) .

2) Counting and A d m in i s t r a t io n  o f  M e ta c e rc a r ia e

The m e ta c e rc a r ia e  adhering to  th e  ce l lophane s t r i p  were counted using 

a d is s e c t in g  microscope and the  doses were made up o f  s t r i p s  o f  ce l lophane  

w i t h  t h e i r  adherent  m e t a c e r c a r ia e .  These ce l lo phane  s t r i p s  were d r ie d  on 

f i l t e r  paper j u s t  p r i o r  to a d m i n i s t r a t i o n  and were then fo ld ed  In to  a p iece  

o f  f i l t e r  paper f o r  the  purposes o f  a d m i n i s t r a t i o n .  The doses were 

ad m in is te red  to  th e  c a l f  using a dosing gun which was simply a 2 f o o t  length
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o f  2“ diameter  rubber hose w i t h  a t h i n  cane as a p lu n g er .  The dose in i t s  

f i l t e r  paper was pushed in to  th e  end o f  the hose, the c a l f ' s  mouth opened,  

i t s  tongue depressed and th e  end o f  the gun pushed down in to  the  pharynx.

The dose was then d is lodged  from the  gun in to  the pharynx.  The c a l f ' s  

head • was then h e ld  up t i l l  i t  was seen to  swallow severa l  t im es ,

3) Faeces Egg Counts

Faeces was always c o l l e c t e d  d i r e c t l y  from th e  rectum o f  each c a l f .

In Experiment 1 the faeces egg counts were examined by the  z in c  su lphate  

f l o t a t i o n  method and the number o f  eggs present  es t im a te d  using a m odif ied  

McMaster techn iq ue  (Gordon & W h i t lo c k ,  1939) .  The r e s u l t s  were expressed  

as the  number o f  eggs per  gram o f  faeces .  The main d isadvantage o f  t h i s  

count ing techn ique  is t h a t  o n ly  a very  small p r o p o r t io n  o f  th e  eggs a c t u a l l y  

present  in t h e  o r i g i n a l  q u a n t i t y  o f  faeces a re  seen and counted.

M u l t i p l i c a t i o n  by a f a c t o r  o f  100 is requ ired  to  express the r e s u l t s  as 

numbers o f  eggs/gm. o f  faeces.  Th is  renders the method i n s e n s i t i v e  and 

open to  a wide margin o f  e r r o r .

In o rd e r  t o  ach ie ve  g r e a t e r  s e n s i t i v i t y  and r e l i a b i l i t y  in Experiments 

2 and 3 a water  sed im enta t ion  techn ique  was used as described  by Happich and 

Boray, (19&9) .  In t h i s  techn iq ue  a l l  the  eggs present  in th e  o r i g i n a l  3 gms. 

o f  faeces were counted and the r e s u l t s  expressed as number o f  eggs/10 gms o f  

faeces .

4 )  Recovery o f  Flukes

A l l  the ca lves  were s lau g h te red  using a c a p t i v e  b o l t  p i s t o l ,  b led  out  

and th e  l i v e r s  removed. The l i v e r s  were removed as q u i c k l y  as p o s s ib le  a f t e r  

death,  photographed,  and d e t a i l s  o f  the gross pathology  noted as descr ibed  in 

p a r t  4 o f  t h i s  t h e s i s .  The l i v e r  was then cut  i n t o  s l i c e s  about 1 / 4  -  t h i c k  

and each s l i c e  squeezed by hand and any f lu k e s  present  removed and placed in 

a j a r  o f  w a t e r .  A f t e r  t h i s  i n i t i a l  squeezing the  l i v e r  s l i c e s  were placed
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in a bucket c o n t a in in g  warm .85% s a l i n e  s o lu t io n  and l e f t  f o r  an hour 

before  being squeezed a g a in .  The s a l i n e  was then dra in ed  o f f  and the  

sediment c o l l e c t e d  and examined f o r  f l u k e s .  The f lu k e s  recovered were 

counted in a p e t r i  dish and t h e i r  length measured a g a in s t  a m i l l i m e t r e  

s c a le .  Flukes g r e a t e r  than 12 mm. in length were termed a d u l t  f l u k e s .

Flukes s m a l le r  than t h i s  were considered t o  be immature f l u k e s .  As some 

f l u k e s  were broken in recovery, a number o f  f lu k e s  found had on ly  an e n t e r i o r  

or  p o s t e r i o r  sec t io n  p r e s e n t .  These p o r t io n  o f  f lu k e s  were counted as 

f o l lo w s ;  as each a n t e r i o r  p o r t io n  was counted a p o s t e r i o r  p o r t io n  was 

discarded  t i l l  a l l  the  a n t e r i o r  p o r t io n s  had been counted,  than any remaining  

p o r t io n s  were counted as i n d iv id u a l  f l u k e s .

E. STATISTICS

The s t a t i s t i c a l  methods used were as described  by Bishop (1966)  and 

Snedecor (1 9 5 6 ) .  Figures quoted in t h i s  t e x t  a r e  w r i t t e n  as th e  mean and 

the standard  e r r o r  ( S . E . )  o f  th e  mean. When th e  v a r ia n c e  r a t i o  was too 

g rea t  to  a l l o w  use o f  the Students t  t e s t  in d e te rm in a t io n  o f  s i g n i f i c a n c e  

the  B ehrens-F isher  t e s t  (Cochran,  1964) was used to  determine th e  leve l  o f  

si gn i f i c a n c e .
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INTRODUCTION

The f i r s t  experiment o f  th e  s e r ie s  was designed to  in v e s t i g a t e  the  

p o s s i b i l i t y  t h a t  ca lv es  in which an i n i t i a l  i n f e c t i o n  o f  F. h ep at ica  had 

been a l lowed  to develop t o  m a t u r i t y  could then be shown t o  have developed  

a s i g n i f i c a n t  r e s is t a n c e  to  subsequent r e i n f e c t i o n  w i t h  t h i s  p a r a s i t e .

The r e l a t i o n s h i p  between the development o f  any such acqu ired  

r e s is t a n c e  and the cont inued presence o f  th e  o r i g i n a l  f l u k e  po p u la t io n  dur ing  

th e  r e i n f e c t i o n  was a ls o  i n v e s t i g a t e d  by t r e a t i n g  a group o f  in f e c t e d  ca lves  

w i t h  an a n t h e l m i n t i c  t o  remove th e  f lu k e s  d er iv ed  from th e  i n i t i a l  i n f e c t i o n .  

The design o f  the  experiment is shown below.

Group

] 17 r 1

2 C1

3 C,

4 c ,

16 weeks T

------------------ 2----------

1 week C„ 13 weeks K

l6  weeks K

z

30 weeks K

13 weeks K

Ĉ  = i n i t i a l  i n f e c t i o n  w i t h  750 m eta cerc a r iae  o f  F. hepat ic a

C  ̂ = i n f e c t i o n  w i t h  1,650 m etac erc ar iae  o f  F. h epat ica

T = t re a tm en t  w i th  n i t r o x y n l l *

K = c a 1ves k i l l e d

The experiment c o ns is ted  o f  20, 3 - 4  month o ld  p a r a s i t e  f r e e  d a i r y

ca lves  randomly a l l o c a t e d  in to  5 groups each o f  4 c a lv e s .  The 16 ca lv es  in

Groups 1 -  4 were each in f e c t e d  w i t h  750 m eta c e rc a r ia e  o f  F. h ep at ica  a t

th e  s t a r t  o f  th e  exp eriment .  S ix teen  weeks l a t e r  th e  four  ca lves  in Group

3 were k i l l e d  t o  e s t im a te  the  number o f  f lu k e s  which developed from th e

i n i t i a l  i n f e c t i o n  and th e  fo u r  ca lves  in group 2 were t r e a t e d  w i th  a n t h e l m in t i c

to  remove t h i s  i n f e c t i o n .  One week l a t e r  the e ig h t  ca lves  in Groups 1 and 2

un
along w i th  th e  fo u r  p r e v io u s ly  J n f e c t e d  ca lves  in Group 5 were each in f e c t e d

*  'T fodax '  May &  Baker L t d . ,  Dagenham, England.
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w i t h  1,650  m e ta c e r c a r ia e  o f  F. h e p a t i c a .  The experiment was te rm in a ted  13 

weeks l a t e r .  The ca lv es  were examined, b le d ,  weighed and faeca l  samples 

taken a t  weekly i n t e r v a l s  throughout th e  exper iment.

RESULTS

Weight

The 16 ca lv es  in Groups 1 -4  gained an average o f  1 .89  lb s /d a y  over  

t h e  16 weeks a f t e r  t h e i r  I n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  F. h e p t i c a .

The four  u n in f e c t e d  ca lves  in Group 5 gained 2 .29  lb s /d a y  over th e  same 

p e r io d .  The e i g h t  ca lves  in Groups 1 and 2 then gained  an average o f  2 .0 4  

lb s /d a y  during th e  13 weeks a f t e r  t h e i r  r e i n f e c t i o n  w i t h  1,650  m e t a cerc a r ia e  

o f  F. h e p a t lea  w h i l e  th e  fo u r  p r e v io u s ly  u n in fe c te d  c a lves  o f  Group 5 gained  

only  1 .68  lb s /d a y  during the  13 weeks f o l lo w i n g  t h e i r  i n f e c t i o n  w i t h  1,650 

m e ta c e r c a r ia e  o f  F. h e p a t i c a .  The mean weekly weights  o f  the groups o f  

ca lves  and t h e i r  i n d i v i d u a l  weekly  we ights a re  given in Appendix 1 Tables  

1 , 10 , 21 and 31 .

Haematology

There were no s i g n i f i c a n t  d i f f e r e n c e s  in any o f  the haematological  

ind ices  s tu d ied  between th e  16 ca lv es  in Groups 1 -4  each I n f e c t e d  w i t h  750 

m e ta c e rc a r ia e  o f  F. hep a t ica  and the haematological  In d ices  o f  the 4  u n in fe c te d  

ca lv es  In Group 5 over the f i r s t  I 6 weeks o f  the  exper im ent .  N e i t h e r  were 

t h e r e  any s i g n i f i c a n t  d i f f e r e n c e s  between any o f  th e  haematologica l  ind ices  o f  

th e  8 ca lves  in Groups 1 and 2 each r e i n f e c t e d  w i t h  1,650  m e ta c e r c a r ia e  o f  

F. h ep a t ica  and the haematological  in d ices  o f  the 4 p r e v io u s l y  u n in fe c te d  

c a lves  in Group 5 each in f e c t e d  w i t h  1,650 m e t a c e r c a r ia e  o f  F .h e p a t Ic a  dur ing  

th e  13 weeks f o l l o w i n g  i n f e c t i o n .  The mean weekly  haematologica l  Ind ices  o f  

each group o f  ca lve s  and t h e i r  in d i v id u a l  weekly va lu es  a r e  given in 

Appendix 1, t a b l e s  2 - 6 ,  I I - I 6 , 19, 2 2 -2 6 ,  32 -36 .
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The Mean Serum Albumin Leve ls

The s i g n i f i c a n t  changes in th e  mean serum albumin l e v e l s  a re  shown in 

f i g u r e s  1 and 2 and can be summarised as f o l lo w s ;

The mean serum albumin le v e l  o f  the l6  ca lv es  in Groups 1 -  4 reached

a minimum (2.11 ± .09  gms/lOO m l . )  16 weeks a f t e r  t h e i r  i n f e c t i o n  w i t h  750

m e ta c e rc a r ia e  o f  F. h ep a t ica  and t h i s  was s i g n i f i c a n t l y  lower (p< .0 01 )  than

th e  mean serum albumin leve l  o f  th e  4 u n in fe c ted  c a lve s  ( 2 .3  ± . P^Sms/lOO m l . )

in Group 5* The mean serum albumin leve l  o f  the  e i g h t  ca lv es  in Groups 1

and 2 ( 1 .8 7  ± , 0 ^ g m s / lO O  m l . )  then began to  r i s e  d e s p i t e  t h e i r  r e i n f e c t i o n
and

w i t h  1,650  m e ta c e r c a r ia e  o f  F. he p a t ic a  jwas s i g n i f i c a n t l y  h ig h er  (p <  , 0 1 )  

a t  th e  end o f  the  experiment ( 2 .3 3  ± .Oy^gms/lOO m l . ) .  I n f e c t i o n  o f  th e  4  

p r e v io u s ly  u n in f e c t e d  ca lves  in Group 5 w i t h  a s i m i l a r  dose o f  1 ,650  

m e ta c e rc a r ia e  o f  F. hep a t ica  however, r e s u l t e d  in a s i g n i f i c a n t  (p <  . 0 2 )  

f a l l  in t h e i r  mean serum albumin l e v e l s  by 13 weeks a f t e r  i n f e c t i o n  

( 2 .0 9  ± .0% gms/100 m l . )  compared t o  t h e  le v e l  p r i o r  t o  i n f e c t i o n  

( 2 .3 3  ± . ^ 7  gms/100 m l . ) .  There were no s i g n i f i c a n t  d i f f e r e n c e s  in the  

mean serum albumin l e v e l s  a f t e r  r e i n f e c t i o n  o f  th e  r e i n f e c t e d  ca lv es  in 

Group 1 and t h e  t r e a t e d  and r e i n f e c t e d  ca lves  in Group 2.

The weekly  in d i v i d u a l  and mean group va lues a r e  given in Appendix 1 

t a b l e s  7 , 16, 20,  27 and 37.

The Mean T o ta l  Serum G lo b u l in  Levels

The s i g n i f i c a n t  changes in th e  mean t o t a l  serum g l o b u l i n  l e v e l s  a r e  

shown in f i g u r e s  1 and 2 and can be summarised as f o l l o w s ; -

There was a r i s e  in th e  mean t o t a l  serum g l o b u l i n s  o f  th e  16 ca lves

in Groups 1-4  a f t e r  t h e i r  I n f e c t i o n  w i t h  750 m e ta c e r c a r ia e  o f  F. h ep at ica

and a t  11 weeks a f t e r  i n f e c t i o n  t h e  le v e l  ( 4 . 3 7  ± .03? gms/100 m l . )  was

s i g n i f i c a n t l y  h ig h e r  (p <  , 0 0 1 )  than th e  mean le v e l  o f  t h e  fo u r  u n in fe c te d  

ca lv es  in Group 5 (3 . 5 7  ± . ( 9  gms/100 m l . ) .  The mean t o t a l  serum g l o b u l i n

leve l  o f  th e  12 ca lv es  in Groups 1, 2 and 4 remained e le v a t e d  from 11-24 weeks



Fig. 1
The mean serum albumin and t o t a l  serum g lo b u l i n s  o f  16 ca lves  

f o l l o w i n g  t h e i r  i n f e c t i o n  w i th  750 m e ta c e rc a r ia e  o f  F. h e p a t ic a  

and the  mean serum albumin and t o t a l  serum g l o b u l i n s  o f  4  

u n in fe c te d  c o n t ro l  ca lves  over the  same p e r io d .

gms/
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O' o Mean va lues  o f  l6  ca lves  a f t e r  i n f e c t i o n  w i th  
750 m e ta c e rc a r ia e  o f  F. h e p a t ic a

Mean va lues  o f  4 u n in fe c te d  c o n t r o l  ca lves
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The mean serum albumin'  and t o t a l  serum g l o b u l in s  o f  8 ca lves  

f o l l o w i n g  r e i n f e c t i o n  w i th  1,650 m eta c e rc a r ia e  o f  F. h ep at ic a  

and the  mean serum albumin and t o t a l  serum g l o b u l in s  o f  4 

p r e v io u s ly  o n i n f e c t e d  ca lv es  a f t e r  t h e i r  i n f e c t i o n  w i th  1,650  

m e ta c e r c a r ia e  o f  F. h e p a t i c a .

I'vioe.n Total Sorurn Globul ins.

r O.
P

/

/
/

Mean Serum Albumin 

1 . -

W eeks

0 ' 0 C ^ \ 11(28) 1 3 ^ 8 /

Mean v a l u e s  o f  8 p r e v i o u s l y  i n f e c t e d  c a l v e s  f o l l o w i n g  
r e i n f e c t i o n  w i t h  1,650 m e t a c e r c a r i a e  o f  F. h e p a t i c a

Mean v a l u e s  o f  4 p r e v i o u s l y  u n i n f e c t e d  c a l v e s  f o l l o v v ' i n g  
In f e e  t  i on  w i t h  1 , 65O met  a c e  r c a r i  ae o f  F , h e p a t i  ca
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a f t e r  i n f e c t i o n  then d e c l in e d  s i g n i f i c a n t l y  (pz f& r  . 0 0 1 ) between week 24 

( 4 , 8 7  ± , 1 8  gms/ 1 0 0  m l , )  and th e  end o f  the experiment  (4 .31 ± . 0 4  gms/ 100  m l . )

d e s p i t e  th e  r e i n f e c t i o n  o f  t h e  8 ca lves  in Groups 1 and 2 w i t h  1,650

m e ta c e rc a r ia e  o f  F. hepat i c a , 17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i th  

750 m e ta c e rc a r ia e  o f  F. h e p a t i c a . The i n f e c t i o n  o f  th e  fo u r  p r e v io u s ly  

u n in fe c te d  ca lves  in Group 5 w i t h  a s i m i l a r  dose o f  1 ,650 m e t a c e r c a r i a e ' 

did  however cause a r i s e  in t h e i r  mean t o t a l  serum g l o b u l in s  and th e  leve l  

a f t e r  13 weeks a t  th e  end o f  t h e  experiment ( 4 .8 0  ± gms/ 1 0 0  m l . )  was

s i g n i f i c a n t l y  h igh er  (p <  , 0 1 ) than th e  leve l  p r i o r  to  i n f e c t i o n  

(3 *89  ± .Oj^ gms/100 m l , ) .  There were no s i g n i f i c a n t  d i f f e r e n c e s  between 

the  mean t o t a l  serum g l o b u l i n  l e v e l s  o f  the r e i n f e c t e d  ca lve s  in Group 1 

and the  t r e a t e d  and r e i n f e c t e d  ca lves  In Group 2,

The weekly  in d i v i d u a l  and mean group values a r e  given In Appendix 1, 

t a b l e s  8 , 17» 2 0 , 28 and 38.

The Serum Glutamic O x a lo a c e t ic  Transaminase Leve ls

The s Itgn i f  i cant  changes in the  mean SGOT l e v e l s  a r e  shown in f ig u r e s

3 and 4 and can be summarised as f o l lo w s :

The mean SGOT le ve l  o f  th e  16 calves  in Groups 1 -4  began to  r i s e  two 

weeks a f t e r  t h e i r  i n f e c t i o n  w i t h  750 m e tace rc ar iae  o f  F, h ep at ica  and the  

mean leve l  a weeks l a t e r  ( 9 0 ,2  ± 2 , 9  S-F u n i t s )  was s i g n i f i c a n t l y  h igher  

(p <  , 0 1 )  than the mean SGOT leve l  (76 ± 3 . 7  S-F u n i t s )  o f  th e  fo ur  

u n in fe c te d  c a lves  in Group 5,  The mean leve l  o f  th e  i n f e c t e d  ca lves  reached 

a maximum ( 1 3 8 .9  ± 8 ,5  S-F u n i t s )  9 weeks a f t e r  i n f e c t i o n .  Then fo l lo w e d  a 

s i g n i f i c a n t  f a l l  (p <  , 0 0 1 ) t i l l  16 weeks a f t e r  i n f e c t i o n ,  t h i s  leve l  however 

(61 ,1  ± 3 ,7  S-F u n i t s )  was s t i l l  s i g n i f i c a n t l y  h ig h er  than t h a t  o f  th e  4 

u n in fe c te d  c a lves  ( 4 5 .5  ± 1.95 S-F u n i t s ) .
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The mean se.rn,m cj 1 utami c -o x a  1 oace t  i c t r a n s a m i n a s e  l e v e l s  o f  1C 

c a l v e s  f o l l o ’w ing t h e i r  I n f e c t i o n  w i t h  750 met ace r e a r  l a c  o f  

P. ca and o f  a group o f  4 u n i n f e c t e d  c o n t r o l  c a l v e s  o v e r

t h e  same p e r i o d .
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R e i n f e c t i o n  o f  th e  8 ca lves  in Groups 1 and 2 d id  not s i g n i f i c a n t l y  

a l t e r  t h e i r  mean SGOT le v e ls  when compared to  th e  mean l e v e l  o f  the  4 

i n f e c t e d  but not r e i n f e c t e d  ca lv es  in Group 4.  Again t h e r e  were no 

s i g n i f i c a n t  d i f f e r e n c e s  between the  mean SGOT values o f  th e  r e i n f e c t e d  

ca lv es  in Group 1 and th e  t r e a t e d  and r e i n f e c t e d  ca lves  in Group 2. The 

mean SGOT leve l  o f  th e  fo u r  p r e v i o u s ly  u n in fe c te d  ca lv es  in Group 5 was 

however s i g n i f i c a n t l y  ra is e d  (p <  . 0 1 )  3 weeks a f t e r  t h e i r  i n f e c t i o n  w i th

1.650  m e ta c e rc a r ia e  o f  F. h ep a t ica  ( 6 0 .2  ± 1 .8  S-F u n i t s )  when compared to  

the le ve l  p r i o r  t o  i n f e c t i o n  (4-8.7 ± 2 .0  S-F u n i t s ) .  Th is  r i s e  cont inued  

and a t  the  end o f  the  experiment  th e  mean SGOT leve l  o f  the  ca lves  r e c e iv in g  

the s in g le  i n f e c t i o n  o f  1 ,650  m e ta c e rc a r ia e  of  F. h e p a t ic a  ( I 67  ± / 9 * 9  S-F  

u n i t s )  was s i g n i f i c a n t l y  h ig h er  than t h a t  o f  th e  8 ca lv es  r e i n f e c t e d  w i th

1.650  m e ta c e rc a r ia e  o f  F.hepat  i ca ( 9 4 .6  ± %,4 S-F u n i t s ) .

The week ly  in d iv id u a l  and mean group values a re  given in Appendix 1 

t a b le s  9 ,  18, 20 29 and 39.

Faeces egg counts

The mean egg counts o f  th e  f i v e  groups o f  ca lves  a re  shown in Tab le  

4 and i n d iv i d u a l  counts a re  given in Appendix 1 t a b l e  40.

Fluke eggs were f i r s t  found in the t r e a t e d  and r e i n f e c t e d  ca lves  in 

Group 2,  11 weeks a f t e r  t h e i r  r e i n f e c t i o n  w i th  1,650 m eta c e rc a r ia e  o f  

F. h e p a t i c a . A week l a t e r  eggs were found in th e  faeces o f  the ca lves  in 

Group 5 which had o n ly  rece ived  a s i n g le  in f e c t i o n  o f  1 ,650 m e t a cerc ar iae  o f  

F. h e p a t i c a .  No eggs d er ived  from the  r e i n f e c t i o n  were found in th e  faeces  

o f  th e  r e i n f e c t e d  c a lves  in Group 1 a l though eggs from t h e  i n i t i a l  i n f e c t i o n  

were found f o r  9 weeks a f t e r  t h e i r  r e i n f e c t i o n .
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Fluke Counts

The mean numbers o f  f lu k e s  recovered from each group o f  ca lves  a re  

given in t a b l e  5 and in d iv i d u a l  r ec o v er ie s  a re  g iven in Appendix 1 t a b l e  30.

The response o f  ca lves  to  a s i n g l e  i n f e c t i o n  o f  F. h ep a t ic a  Is shown 

by comparison o f  the  mean f l u k e  burdens o f  the c a lve s  in Group 3 

( 126 .75  ± 2 2 , 2 )  which were k i l l e d  16 weeks a f t e r  i n f e c t i o n  w i t h  750 

m e ta c e rc a r ia e  o f  F. h e p a t ica  and th e  mean f l u k e  burden o f  th e  ca lves  in 

Group 4 ( 19.75  ± 6 . 0 6 ) which were k i l l e d  30 weeks a f t e r  a s i m i l a r  i n f e c t i o n  

o f  750 m e ta c e r c a r ia e  o f  F. h e p a t i c a . Th is  represents  a s i g n i f i c a n t  reduct ion  

(p <  . 0 1 ) o f  84% in th e  f l u k e  popu la t io n  o ccu rr in g  between 16-3 0  weeks a f t e r  

the i n f e c t i o n  o f  c a lv es  w i t h  750 m e t a cerc a r ia e  o f  F. h e p a t ic a .

The mean number o f  f lu k e s  recovered from t h e  e i g h t  r e i n f e c t e d  ca lves  in 

Groups 1 and 2 (22 + 4 . 4 )  when compared by a n a ly s t s  o f  v a r i a n c e  w i t h  the mean 

number o f  f l u k e s  recovered  from th e  fo u r  ca lv es  in Group 5 which on ly  

rece iv ed  the s i n g l e  I n f e c t i o n  o f  1 ,650 m e ta c e rc a r ia e  o f  F. hepat ica  

( 135.75  ± 4 2 . 7 )  showed a s i g n i f i c a n t  (p <  . 0 1 ) reduct io n  in the  acq u i red  

f l u k e  burden o f  the  r e i n f e c t e d  c a lv e s .  Th is  represents  an 84% reduct ion  in 

the  ac q u i red  f l u k e  burden o f  th e  r e i n f e c t e d  ca lves  as compared to  the  

p r e v io u s ly  un in f e c t e d  c o n t ro l  c a lv e s .

There was no s i g n i f i c a n t  d i f f e r e n c e  between th e  mean numbers o f  f lu k e s  

recovered from the r e i n f e c t e d  ca lves  in Group 1 (25 .2 5  ± 6 . 0 4 )  and th e  t r e a t e d  

and r e i n f e c t e d  ca lves  in Group 2 (18 .75  ± 5 . 0 1 ) .  There was, however,  a 

d i f f e r e n c e  in the  p r o p o r t io n  o f  a d u l t  to  immature f lu k e s  recovered from each 

group. The f l u k e  pop u la t io n  recovered from th e  ca lves  o f  Group 1 which had 

r e t a i n e d  the  o r i g i n a l  i n f e c t i o n  during r e i n f e c t i o n  had a high a d u l t  to  

immature r a t i o  ( 4 . 6 / 1 )  as compared to  th e  r a t i o  in t h e  f l u k e s  recovered from 

th e  t r e a t e d  and r e i n f e c t e d  ca lves  in Group 2 ( 1 / 1 ) ,  whose i n i t i a l  f l u k e  

p o p u la t io n  had been removed by th e  a n t h e l m i n t i c .
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The r a t i o  o f  a d u l t  to  Immune f lu k e s  ( 1 . 7 / 1 )  in t h e  p r e v io u s ly  

u n in fe c te d  c o n t ro l  ca lv es  which on ly  rece ived  a s i n g l e  i n f e c t i o n  o f  1 ,650  

m e ta c e rc a r ia e  o f  F. h ep a t ica  was s i m i l a r  to  t h a t  found in the  t r e a t e d  and 

r e i n f e c t e d  c a lves  o f  Group 2 ( 1 / 1 ) .  I t  would appear t h e r e f o r e  t h a t  the  

high a d u l t / im m a t u r e  r a t i o  o f  th e  f l u k e  popu la t ion  recovered from the  

r e i n f e c t e d  ca lves  in Group 1 is  due to  the  cont in ued presence o f  a d u l t  f lu k e s  

d er ived  from th e  i n i t i a l  i n f e c t i o n  o f  750 m e ta c e rc a r ia e  o f  F. h e p a t ic a .

Th is  premise is supported by th e  f a c t  t h a t  these  ca lv es  co nt in ued  to  pass 

eggs in t h e i r  faeces u n t i l  9 weeks a f t e r  r e i n f e c t i o n  and a ls o  s i m i l a r  

numbers o f  f lu k e s  (1 9 .75  ± 6 . 0 6 ) w i t h  a high a d u l t / im m a t u r e  f l u k e  r a t i o  

( 1 4 / 1 )  were recovered 30 weeks a f t e r  the i n i t i a l  i n f e c t i o n  o f  750 

m e ta c e rc a r ia e  o f  F. h e pa t ic a  from th e  ca lv es  o f  Group 5*

Pathology

The d e t a i l e d  pathology w i l l  be descr ibed  in p a r t  4  o f  t h i s  t h e s is  but  

a b r i e f  mention w i l l  be made a t  t h i s  p o in t  o f  some important  gross changes 

in th e  l i v e r s  o f  th e  r e i n f e c t e d  c a lv e s .  These changes were most obvious  

in the l i v e r s  o f  th e  ca lv es  in group 1, those r e i n f e c t e d  in the  presence o f  

the o r i g i n a l  i n f e c t i o n .  There was a marked reduct ion  in th e  s i z e  o f  the  

v e n t r a l  lobe due to  replacement o f  most o f  the parenchyma by f ib r o u s  t i s s u e  

in the d is ten ded  and c a l c i f i e d  b i l e  ducts in i t s  substance.  The shape o f  

th e  l i v e r  was so a l t e r e d  by t h i s  f ib ro u s  o f  the  v e n t r a l  lobe and a marked 

hyper t rophy o f  the  dorsal lobe t h a t  th e  long a x is  o f  t h e  l i v e r  was now in 

a t r a n s v e r s e  p lan e .  Haemorrhaglc le s io n s  i n d i c a t i n g  t h e  presence o f  m ig ra t in g  

f lu k e s  were o n ly  found in one o f  the  l i v e r s  o f  t h e  ca lv es  in Group 1. The 

gross changes in th e  l i v e r s  o f  the  t r e a t e d  and r e i n f e c t e d  c a lves  in Group 2 

were not as severe  as those in Group 1 but t h e r e  were many more haemorrhaglc  

l e s ion s  due to  m ig r a to ry  f l u k e  both in the dorsal  and v e n t r a l  lobes o f  th e  

l i v e r s  o f  the  ca lves  in Group 2.
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Dî scussîon

The r e s u l t s  o f  t h i s  experiment  showed t h a t  ca lv es  p r e v i o u s ly  exposed 

t o  an i n f e c t i o n  w i t h  F. h e p a t ic a  which had developed to  th e  a d u l t  stage were 

subsequently h i g h l y  r e s i s t a n t  t o  r e i n f e c t i o n  w i th  t h i s  p a r a s i t e .  They a ls o  

show t h a t  in ca lves  which r e c e i v e  o n ly  a s i n g l e  i n f e c t i o n  o f  F. h ep at ica  

t h e r e  is a s i g n i f i c a n t  decrease in the  e s t a b l i s h e d  f l u k e  p o p u la t ion  between 

16 and 30 weeks a f t e r  i n f e c t i o n .  I t  would appear t h e r e f o r e  t h a t  c a t t l e  

can develop a s i g n i f i c a n t  ac qu i red  r e s is t a n c e  to  both pr im ary  and secondary 

i n f e c t i o n s  w i t h  F. h e p a t ic a .

The development o f  an acqu i red  re s is t a n c e  to  a pr im ary  i n f e c t i o n  w i th  

the  r e s u l t a n t  e l i m i n a t i o n  o f  84% o f  th e  popu la t io n  d e r iv e d  from a s i n g l e  

i n f e c t i o n  o f  750 m e ta c e rc a r ia e  o f  F. he p a t ic a  between 16-30 weeks a f t e r  i n f e c t i o n  

is r e f l e c t e d  in th e  changes observed in the  serum p r o t e i n s  and faeces egg

counts over t h i s  p e r i o d .  The r i s i n g  serum le ve l  Is c o n s is t e n t  w i t h  a loss o f

f lu k e s  r e s u l t i n g  in a re duct io n  o f  the albumin leak  in to  th e  b i l e .  The 

decreas ing  faeces egg count seen in the l a t t e r  h a l f  o f  t h e  experiment  in these  

i n f e c t e d  ca lv es  is  a l s o  c o n s i s t e n t  w i t h  th e  e l i m i n a t i o n  o f  a t  l e a s t  a l a rg e

p a r t  o f  the  egg producing f l u k e  p o p u la t io n .

These r e s u l t s  a re  the f i r s t  t o  p rov id e  s i g n i f i c a n t  ev idence  o f  the  

development o f  an acq u i red  Immunity to  a pr imary i n f e c t i o n  w i t h  F. h e p a t ic a .  

Previous work by Boray (19 6 7 ) had descr ibed  a f a l l  In th e  faeces egg counts o f  

ca lv es  beginning 20 weeks a f t e r  t h e i r  i n f e c t i o n  w i t h  F. h e p a t ic a  but th e  ca lves  

were not k i l l e d  to  demonstrate any reduct ion  o ccu r r in g  in t h e i r  acq u i red  f l u k e  

burdens. The r e s u l t s  o f  th e  experiment descr ibed  in t h i s  sect io n  and those o f  

Boray ( 1967) a r e  co m p le te ly  a t  v a r ia n c e  w i th  those d escr ib ed  by Ross ( I 9 6 8 ) .

Ross ( 1968) descr ib ed  a f a l l  in the  faeces egg counts o f  c a lves  beginning  

8 months a f t e r  t h e i r  i n f e c t i o n  w i t h  F. h ep at ica  a s s o c ia te d  w i t h  a 75% 

reduct ion  In t h e i r  a c q u i re d  f l u k e  burden between th e  5 th  and 21st  month a f t e r  

i n f e c t i o n .  The discrepancy between th e  r e s u l t s  o b ta in e d  by Ross (1968)
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and the r e s u l t s  o b ta in e d  in t h i s  experiment can be e x p la in e d  by the  

v a r i a b i l i t y  both in the t ime o f  i n f e c t i o n  and in the  i n f e c t i v e  doses o f  

F. he pa t ic a  used by Ross since a m ix tu re  o f  a r t i f i c i a l l y  in f e c t e d  ca lves  

and n a t u r a l l y  i n f e c t e d  ca lves  were used In t h i s  s e r i e s .  The percentage

re duct io n  in acq u i re d  f l u k e  burden described  by Ross was based on the

comparison o f  th e  number o f  f lu k e s  recovered from a s i n g l e  c a l f  k i l l e d  21 

months a f t e r  i n f e c t i o n  w i t h  the  mean number o f  f lu k e s  recovered  from 4 

ca lves  k i l l e d  2 -5  months a f t e r  i n f e c t i o n .  A f i g u r e  d e r iv e d  on t h i s  bas is  

is  o b v io u s ly  s t a t i s t i c a l l y  meaningless and e x p la in s  the  d iscrepancy  between 

the r e s u l t s  o f  both se ts  o f  exper im ents .

The development on an a cq u i red  r e s is ta n c e  to  r e i n f e c t i o n  w i t h  F. hepat ica

r e s u l t e d  in the recovery o f  on ly  16% of the t o t a l  f l u k e  burden found in the  

i n f e c t e d  c o n t r o l  ca lv es  in Group 5 from the  r e i n f e c t e d  ca lv es  in Groups 1 and 

2. Th is  ac qu i red  r e s is t a n c e  was a ls o  r e f l e c t e d  in th e  h ig h e r  weight  ga in s ,  

the  r i s i n g  serum albumin and t h e  lower SGOT l e v e l s  o f  t h e  8 r e i n f e c t e d  ca lves  

as compared to th e  4 p r e v i o u s l y  u n in fe c te d  c a lv e s .  I t  would a ls o  appear  

t h a t  . < i ' the  f l u k e  p o p u la t io n  recovered from the l i v e r  o f  the  ca lves  in 

Group 1 was s t i l l  l a r g e l y  d e r iv e d  from the  i n i t i a l  i n f e c t i o n .  The 

p e r s is t e n c e  o f  the  o r i g i n a l  po p u la t io n  would appear t o  have enabled ca lves  to  

r e s i s t  the es tab l ish m en t  o f  th e  new popu la t io n  o f  f lu k e s  more s u c c e s s f u l l y  

than the t r e a t e d  and r e i n f e c t e d  ca lv es  in Group 2.  Larger numbers o f  f lu k e s  

d e r iv e d  from th e  r e i n f e c t i o n  were found in these ca lv es  and t h e re  was a much 

g r e a t e r  amount o f  f res h  l i v e r  damage than in th e  l i v e r s  o f  the  r e i n f e c t e d  

ca lves  o f  Group 1. These r e s u l t s  conf irm  those o f  Boray (1967)  who reported  

a 78% reduct ion  in the  f l u k e  burden o f  four s te e rs  which were t r e a t e d  w i th  an 

a n t h e l m i n t i c  p r i o r  to  r e i n f e c t i o n  as compared to  th e  f l u k e  burden o f  p re v i o u s l y  

u n in f e c t e d  s t e e r s .

These r e s u l t s  and those o f  Boray (1967)  again  d i f f e r  f rom those  

descr ibed  by Ross ( I 966 a , d ) . Ross ( 1966a , d )  descr ib ed  a 51% reduct ion  in 

th e  acqu i red  f l u k e  burden o f  3 ca lves  r e i n f e c t e d  18 weeks a f t e r  t h e i r  i n i t i a l
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i n f e c t i o n  w i th  F. h e p a t ic a .  He a ls o  descr ibed  a ’ spontaneous s e l f - c u r e ’ 

proposing t h a t  the  f lu k e s  deve loping from the  r e i n f e c t i o n  i n i t i a t e d  the  

expuls ion  o f  the f l u k e s  d e r ive d  from th e  o r i g i n a l  i n f e c t i o n ,  because few 

f l u k e s  which he cons idered  a t t r i b u t a b l e  t o  the c o n t ro l  i n f e c t i o n  were  

found in the  r e i n f e c t e d  l i v e r s  a t  th e  end o f  the  experim ent .  The co n t ro l  

ca lves  f o r  th e  i n i t i a l  i n f e c t i o n  were k i l l e d  10, 14, 19 weeks a f t e r  

i n f e c t i o n  whereas the  r e i n f e c t e d  ca lv es  were k i l l e d  24,  26,  27 weeks a f t e r  

t h e i r  i n i t i a l  i n f e c t i o n .  T h e re f o re  due to  lack  o f  s u i t a b l e  c o n t ro l  c a lv e s ,  

any reduct io n  o f  th e  i n i t i a l  f l u k e  popu la t ion  over the  l a t t e r  p a r t  o f  the  

experiment s i m i l a r  t o  t h a t  described  in t h i s  experiment would not be de tec ted  

to  account f o r  th e  low numbers o f  the  i n i t i a l  p o p u la t io n  remaining In the  

r e i n f e c t e d  c a lv e s .  There was no evidence o f  a ’ spontaneous s e l f - c u r e '  

having occurred  in th e  r e i n f e c t e d  ca lves  o f  Group 1 in t h i s  exper iment ,  

r a t h e r  th e  reverse  had occurred w i t h  a s i m i l a r  p r o p o r t io n  o f  the  i n i t i a l  

p o p u la t io n  p e r s i s t i n g  through the  r e i n f e c t i o n  as remained in the ca lves  o f  

Group 3 which on ly  rece ived  th e  i n i t i a l  i n f e c t i o n .

The r e s u l t s  o f  t h i s  experiment demonstrates c l e a r l y  t h a t  ca lves  can 

develop an acq u i red  r e s is t a n c e  to  a pr imary  or  secondary i n f e c t i o n  w i th  

F. hep a t ica  as shown by a re duct ion  in the  expected f l u k e  burden from the  

r e i n f e c t i n g  dose, a reduced le v e l  o f  disease  in th e  r e i n f e c t e d  ca lves  and the  

a b i l i t y  o f  ca lv es  r e c e iv in g  a s i n g l e  i n f e c t i o n  t o  mount a s e l f - c u r e  

response, thus f u l f i l l i n g  th e  w i d e ly  accepted c r i t e r i a  f o r  assessing  

acq u i red  r e s is t a n c e  in animals  ( S t i r e w a l t ,  1963) .



5 7

SUMMARY

Two groups o f  k  ca lves  were in f e c t e d  w i th  750 m e ta c e r c a r ia e  o f  

F. h ep at ica  and a group k i l l e d  a t  16 and 30 weeks a f t e r  i n f e c t i o n .  I t  

was found t h a t  84% o f  f l u k e  p o p u la t io n  recovered a t  16 weeks a f t e r  in f e c t i o n  

had been e l i m i n a t e d  by 30 weeks a f t e r  I n f e c t i o n .  Eight  ca lves  which were 

each i n f e c t e d  w i t h  750 m e ta c e rc a r ia e  o f  F. h e p a t i c a ,  17 weeks p r e v io u s ly  

and a group o f  4 p r e v io u s ly  u n in fe c te d  cont ro l  ca lves  were each in f e c t e d  

w i t h  1,650  m e ta c e rc a r ia e  o f  F. hep a t ic a  and a l l  ca lv es  k i l l e d  13 weeks 

l a t e r .  The r e i n f e c t e d  ca lves  showed a high re s is t a n c e  to  r e i n f e c t i o n  

as on ly  16% o f  the f l u k e  burden o f  th e  i n fe c te d  co n t r o l  ca lv es  was recovered  

from th e  r e i n f e c t e d  c a lv e s .  Treatment o f  one group o f  ca lves  w i th  an 

a n t h e l m i n t i c  p r i o r  to  r e i n f e c t i o n  d id  not s i g n i f i c a n t l y  a l t e r  t h e i r  

r e s is t a n c e  to  r e i n f e c t i o n .



SECTION 2



5 8

INTRODUCTION

In view o f  the r e s u l t s  o f  the f i r s t  experiment a second experiment  

was designed to  i n v e s t i g a t e  th e  response o f  p r e v io u s ly  u n in fe c te d  ca lves  

to  a s i n g l e  i n f e c t i o n  w i th  F. h e p a t ic a .

I t  had been shown by the  f i r s t  experiment th a t  t h e r e  was now 

s i g n i f i c a n t  experimenta l  ev idence  t o  support  th e  premise  t h a t  F. hep a t ica  

surv ives  f o r  a much sh o r te r  p e r io d  in in fe c te d  c a t t l e  as compared to  

in f e c t e d  sheep. I t  had been proposed t h a t  th e  m a j o r i t y  o f  f lu k e s  may on ly  

s u r v iv e  g-26  months in th e  b i l e  ducts o f  i n f e c t e d  c a t t l e  (Keck and 

Supperer ,  I 9 6 7 , Ross I 9 6 8 ) whereas i t  had been shown e x p e r i m e n t a l l y  t h a t  

f l u k e s  can s u r v iv e  in the  b i l e  ducts o f  i n fe c te d  sheep f o r  6-11 years  

(Pecheur,  I 9 6 7 , Durb in,  1952) .

The prev io us  experiment had shown t h a t  a loss o f  84% o f  th e  f l u k e  

po p u la t io n  In ca lves  der iv ed  from a s i n g l e  i n f e c t i o n  o f  750 m e t a cerc a r ia e  

o f  F. h ep at ica  occurred  between 16 and 30 weeks a f t e r  i n f e c t i o n  but d id  not  

pro v id e  any in d i c a t i o n  o f  e i t h e r  t h e  t ime o f  onset  o f  t h i s  loss or  the  subsequent  

r a t e  o f  e l i m i n a t i o n  o f  th e  f l u k e s ,  A second experiment was then devised  

to determine th e  t im e a f t e r  i n f e c t i o n  when c a t t l e  begin to  e l i m i n a t e  th e  

f l u k e  burden d e r iv e d  from a s i n g l e  in f e c t i o n  o f  F, h e p a t ic a  and to  p rov ide  some 

in fo rm at io n  on th e  subsequent r a t e  o f  e l i m i n a t i o n  o f  th e  p a r a s i t e .

The experiment c on s is te d  o f  24,  t h re e  month o l d  p a r a s i t e  f r e e  d a i r y  

ca lves  randomly a l l o c a t e d  i n t o  6 groups each o f  4  c a lv e s .  The ca lv es  were 

then each i n f e c t e d  w i th  500 m e t a cerc a r ia e  o f  F. h ep a t ica  and a group o f  

ca lve s  k i l l e d  a t  monthly i n t e r v a l s  from 1-6 months a f t e r  i n f e c t i o n .  I t  

was hoped t h a t  t h i s  experimenta l  design would show whether a gradual  loss 

o f  f lu k e s  occurred  over a c o n s id e r a b le  t im e or  i f  t h e r e  was a rap id  loss o f  

f lu k e s  over  a short  p e r io d  o f  t im e  s i m i l a r  t o  th e  e x pu ls ion  o f  N. bras i 1 i ens i s 

from immune r a t s  as described  by M u l l ig an  e_t aj_ (1 9 6 5 ) .
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The c a lves  were c l i n i c a l l y  examined, b le d ,  weighed and faeces samples 

taken a t  weekly  i n t e r v a l s  throughout the  experiment.  Weekly es t im at io n s  

were made o f  the  haem ato lo g ic a1 in d ic e s ,  serum g lu tam ic  dehydrogenase 

l e v e l s ,  and faeces egg counts.  Est im at ions  o f  th e  serum p r o t e in  l e v e ls  

were c a r r i e d  out every f o r t n i g h t .

RESULTS

We Iqht

The fo u r  ca lves  which were k i l l e d  24 weeks a f t e r  i n f e c t i o n  w i th  500 

m e t ac erc ar iae  o f  F. he p a t ic a  gained an average o f  2.31 lb s /d a y  over t h i s  

t im e .  Mean and in d i v id u a l  va lues  a re  given in Appendix 1, t a b le s  43,  45 

and 55.

Haematology

The o n ly  s i g n i f i c a n t  changes in the h aem ato lo g ic a1 indices  were a 

s i g n i f i c a n t  d e c l in e  (p <  . 001 )  in the  mean e r y t h r o c y t e  l e v e l s  from the  mean 

leve l  o f  th e  24 c a lves  p r i o r  to  the  experiment ( 8 .5 9  ± .07  mi 11 ions /cu .m m .) 

to  the mean le v e l  o f  th e  4 remaining ca lves  24 weeks l a t e r  ( 7 . 0 7  ± .15  

mi 11 ions/cu.mm) and a s i g n i f i c a n t  (p <  . 0 1 )  r i s e  in the  mean co rpuscu la r  

volumes over the same p er io d  from week 0 (39 .3  + .59  cu .m ic rons)  t i l l  week 

24 (46.1 ± 2 .0 0  c u .m ic ro n s ) .  The mean and in d i v id u a l  va lues  a r e  given  in

Appendix 1 ta b le s  4 1 ,  4 6 - 5 0 .

Mean Serum Albumin Level

The s i g n i f i c a n t  changes in the mean serum le v e l s  a r e  shown in 

f i g u r e  5 and group mean i n d iv i d u a l  c a l f  values a r e  given in t a b le s  42,  51

and 61,  Appendix 1. The s i g n i f i c a n t  changes can be summarised as f o l l o w s : -

There was a p ro g res s iv e  d e c l in e  in the mean serum albumin le ve l  o f  the  

in f e c t e d  ca lves  dur ing th e  f i r s t  18 weeks o f  th e  exper im ent .  The mean 

serum albumin leve l  o f  the 8 ca lv es  remaining 18 weeks a f t e r  I n f e c t i o n  

(2 .11 ± , 0 4  gms/100 m l . )  was s i g n i f i c a n t l y  lower (p <  . 0 0 1 )  than the mean 

serum albumin leve l  o f  th e  24 ca lves  p r i o r  to  i n f e c t i o n  (2.41 ± , 0 4  gms/100 m l . )
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The mean serum albumin le ve l  o f  th e  calves  remaining in th e  experiment  

began t o  r i s e  between 18-24 weeks a f t e r  i n f e c t i o n .  At the  end o f  th e  

experiment th e  mean serum albumin lev e l  o f  the 4 remaining ca lves

( 2 .4 2  ± .03 gms/100 m l . )  was s i g n i f i c a n t l y  h igher (p <  . 0 0 1 )  than th e  mean

serum albumin le ve l  o f  the  e ig h t  ca lv es  a t  18 weeks a f t e r  in f e c t i o n

(2.11 ± .11 gms/100 m l . )

M e a n  T o t a l  S e r u m  G l o b u l i n

T h e  s i g n i f i c a n t  changes In th e  mean t o t a l  serum g l o b u l i n  l e v e ls  a re  

shown in f i g u r e  5 and th e  group mean and in d iv id u a l  va lu es  a re  given in t a b l e s  

42,  52 and 62 Appendix 1.

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

The mean t o t a l  serum g lo b u l i n  leve l  o f  th e  i n f e c t e d  ca lv es  showed a 

p ro g res s iv e  r i s e  from th e  s t a r t  o f  the  experiment and a t  6 weeks a f t e r  i n f e c t i o n  

the mean t o t a l  serum g l o b u l i n  o f  th e  20 ca lves  ( 4 ,0 6  ± . 07  gms/100 m l . )  was 

s i g n i f i c a n t l y  h ig h er  (p <  , 0 0 1 )  than th e  mean t o t a l  serum g lo b u l in  l eve l  o f  

th e  24 ca lv es  p r i o r  to  in f e c t i o n  (3 , 6 3  ± . 07  gm/100 m l . ) .  The mean t o t a l  

serum g l o b u l i n  l eve l  o f  th e  in f e c t e d  ca lves  reached maximum l e v e l s  between 

16 weeks ( 4 . 5 4  ± . 0 7  gms/100 m l . )  and 24 weeks ( 4 .5 3  ± . 1 9  gms/100 m l . )  

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

M e a n  S e r u m  G l u t a m i c - O x a l o a c e t i c  T r a n s a m i n a s e  L e v e l s

The mean SCOT l e v e l s  o f  th e  i n f e c t e d  ca lv es  during the  experiment a re  

shown in f i g u r e  6 and group mean and in d iv id u a l  va lues  a r e  given In t a b le s  

42 ,  53 and 63 in Appendix 1. At  2 weeks a f t e r  i n f e c t i o n  th e  mean SGOT leve l  

of  th e  24 i n f e c t e d  c a lves  (1 0 0 .2  ± ,92  S-F u n i t s )  was s i g n i f i c a n t l y  h ig her  

(p <  . 0 0 1 )  than t h e i r  mean SGOT le v e l  p r i o r  to  i n f e c t i o n  ( 6 8 .9  ± 1.59 S-F u n i t s )
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F a e c e s  E g g  C o u n t s

The mean egg counts o f  th e  i n f e c t e d  ca lv es  dur ing th e  experiment a r e  

shown in f i g u r e  7 and th e  mean and in d i v id u a l  faeces egg counts a r e  shown 

in t a b l e s  44 and 64 in Appendix 1.

Fluke eggs were f i r s t  found in the  faeces o f  i n f e c t e d  ca lves  11 

weeks a f t e r  t h e i r  i n f e c t i o n  w i th  500 m e t ac erc ar iae  o f  F, h e p a t i c a .  The

mean faeces egg count o f  th e  In f e c t e d  ca lves  rose r a p i d l y  from 11 weeks 

(11 egg/10 gms. fae c e s )  t o  a maximum leve l  a t  15 weeks a f t e r  i n f e c t i o n  

(24 eggs/10 gms, f a e c e s ) .  The mean faeces egg count then d e c l in e d  over  

t h e  remaining 9 weeks o f  the  experiment  to  a mean l e v e l  o f  2 eggs/10 gms 

o f  faeces a t  24 weeks a f t e r  i n f e c t i o n .

F l u k e  c o u n t s

The number o f  f lu k e s  recovered from each group o f  c a lve s  a t  monthly  

i n t e r v a l s  a f t e r  i n f e c t i o n  a re  shown in Tab le  6 and th e  i n d i v id u a l  f l u k e  

recovery from each c a l f  is shown in t a b l e  54 Appendix 1.

The r e l a t i v e  i n e f f i c i e n c y  o f  the  recovery tech n iq u e  in d e t e c t i n g  small  

numbers o f  very  small f lu k e s  in a l a rg e  bovine l i v e r  is  shown by the  f a c t  

t h a t  no f lu k e s  were recovered from th e  l i v e r s  o f  th e  ca lves  k i l l e d  4 weeks 

a f t e r  i n f e c t i o n  a l though t h e  l i v e r s  showed p a t h o lo g ic a l  les io n s  a t t r i b u t a b l e  

to m ig r a t in g  f l u k e s .  Flukes were recovered from t h e  l i v e r s  e i g h t  weeks 

a f t e r  i n f e c t i o n  though th e  number recovered (130)  was lower than th e  mean 

recovery over th e  next 3 months ( 25 2 ) ag a in  due t o  t h e  very  small s i z e  o f  

a p ro p o r t io n  o f  the  f l u k e  po p u la t io n  a t  t h i s  t im e .  The numbers o f  f l u k e s  

recovered a t  12, l6  and 20 weeks a f t e r  i n f e c t i o n  were then remarkably  

constant  w i t h  a mean recovery o f  252 ±  13 .4  f lu k e s  per group o f  c a lv e s .

Th is  g ives  a mean recovery o f  13% o f  th e  i n f e c t i n g  dose o f  500 m eta c e rc a r ia e  

o f  F. h e p a t i c a .  At 24 weeks a f t e r  i n f e c t i o n ,  however,  on ly  92 f lu k e s  

were recovered from th e  l i v e r s  o f  the  4 ca lv es  and t h i s  r e s u l t s  in a mean 

o f  2 4 .2  ± 5 f lu k e s  per  c a l f  and a recovery o f  on ly  5% o f  th e  i n f e c t i n g  dose



TABLE 6

The numbers o f  F. h e pa t ic a  recovered a t  post-mortem from groups o f  4  ca lves  

k i l l e d  4 ,  8, 12, 16 20 and 24 weeks a f t e r  i n f e c t i o n  w i th  500 m e ta c e r c a r ia e .

W e e k  a f t e r  i n f e c t i o n  
w i t h  500 m e t a c e r c a r i a e  
o f  F. h e p a t i c a

4 8 12 16 20 24

T o t a l  n u m b e r  o f  
F . h e p a t i c a  r e c o v e r e d  
f r o m  g r o u p s  o f  4 c a l v e s

0 130 229 237 29 D 97

M e a n  n u m b e r  o f  F. h e p a t i c a 0 32 .5 5 7 . 2 5 9 .2 72 .5 24 .2

r e c o v e r e d  p e r  c a l f 8“ ] k - l o ­ 16- 5"

P e r c e n t a g e  o f  i n f e c t i n g  
d o s e  r e c o v e r e d 0 6.5% 11.4% l l . 8% 16% 4.8%
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o f  500 m e t ace rc ar ia e  o f  F. h e p a t i c a .  The mean number o f  f lukes  recovered  

per c a l f  24 weeks a f t e r  i n f e c t i o n  (2 4 .2  ± 5)  Î s s i g n i f i c a n t l y  less (p <  . 0 1 )  

than th e  mean number o f  f lu k e s  recovered per  c a l f  between 12 and 20 weeks 

a f t e r  i n f e c t i o n  ( 6 2 .9  ± 1 7 . 1 ) .  I t  is a lso  s i g n i f i c a n t l y  less (p <  . 0 5 )  

than th e  mean number o f  f lu k e s  recovered from each o f  th e  4 ca lves  k i l l e d  

only  4 weeks p r e v i o u s l y  (72 .5  ±  16) .

I t  is ev id en t  t h a t  64% o f  th e  f l u k e  p o p u la t io n  e x i s t i n g  between 12-20  

weeks a f t e r  i n f e c t i o n  w i th  500 m eta cerc ar ia e  o f  F. h e p a t ic a  had been 

e l i m i n a t e d  by 24 weeks a f t e r  i n f e c t i o n .

Pathology

The d e t a i l s  o f  gross pathology and h is t o lo g y  w i l l  be descr ibed  in 

p a r t  4  o f  t h i s  t h e s i s .
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D I S C U S S I O N

The r e s u l t s  o f  t h i s  experiment show t h a t  f o l l o w i n g  a s i n g l e  

experimenta l  i n f e c t i o n  w i t h  500 m e t ac erc ar iae  o f  F. h e p a t ic a  an average  

o f  13% (252  ± 13 .4  f l u k e s )  o f  th e  i n f e c t i n g  dose was recovered from th e  

l i v e r s  o f  groups o f  4  ca lves  k i l l e d  12, I 6 and 20 weeks a f t e r  i n f e c t i o n .

Only 4.8% (97 f l u k e s )  o f  t h e  i n f e c t i n g  dose was recovered  from the  l i v e r s  

o f  4 c a lves  k i l l e d  24 weeks a f t e r  i n f e c t i o n .  T h is  rep resen ts  a s i g n i f i c a n t  

r educt io n  In th e  a c q u i re d  f l u k e  burdens o f  the c a lves  o c c u r r in g  between 

20 -2 4  weeks a f t e r  i n f e c t i o n  w i t h  th e  consequent e l i m i n a t i o n  o f  64% o f  f l u k e  

p o p u la t io n  found between 12,20 weeks a f t e r  i n f e c t i o n .  The f a l l  in th e  

mean faeces egg counts which began 15 weeks a f t e r  i n f e c t i o n  and the r i s e  

in t h e  mean serum albumin le v e l  o f  th e  ca lves  over th e  l a s t  6 weeks o f  the  

experiment would seem t o  i n d i c a t e  a p er io d  o f  reduced b i o l o g i c a l  a c t i v i t y  

o f  th e  f lu k e s  p r i o r  t o  t h e i r  e l i m i n a t i o n  by the  c a l f .  Th is  sharp decrease  

in faeces egg counts f o l lo w e d  by the expuls ion  o f  a l a r g e  p ro p o r t io n  o f  the  

ac q u i red  f l u k e  burden is  remarkably s i m i l a r  to  th e  s i t u a t i o n  In th e  immune 

expuls ion  o f  N. bras i 1 i ens i s from in f e c t e d  ra ts  which is a ls o  preceded by 

a sharp decrease in th e  faeces egg count o f  th e  r a t s  (M u l l ig a n  a j_ . , 1965) .  

These expuls io n  p a t t e r n s  d i f f e r  o n ly  in t h e i r  t im e  s c a le  in t h a t  i n f e c t i o n  

w i t h  N. bras i 1 lens i s in t h e  r a t  becomes pa ten t  6 days a f t e r  i n f e c t i o n ,  faeces  

egg counts reach a maximum 10-12 days a f t e r  i n f e c t i o n  and th e  worm expu ls io n  

takes p lace  between 12-20 days a f t e r  i n f e c t i o n  whereas patency in F. hepat ica  

i n f e c t i o n s  In ca lv es  does not  occur t i l l  11 weeks a f t e r  i n f e c t i o n ,  maximum 

counts a re  reached 13-15 weeks a f t e r  in f e c t i o n  and t h e  expu ls io n  begins  

20-24  weeks a f t e r  i n f e c t i o n .  Since th e  expuls ion  o f  N. b r a s i l i e n s  is has 

been c l e a r l y  shown t o  be immune in n a tu re  (M u l l ig an  e t  a l .  I 9 6 5 ) I t  is 

i n t e r e s t i n g  t o  s p e c u la te  t h a t  s i m i l a r  immune mechanism may p lay  a p a r t  in 

the eventual  expuls ion  o f  f lu k e s  from in f e c t e d  c a l v e s .
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The SGOT le v e l  p ro v id e  some i n d i c a t i o n  o f  l i v e r  c e l l  damage and th e  

mean SGOT le ve l  a ls o  shows a marked decrease over th e  l a t t e r  h a l f  o f  the  

experim ent .  The p ro g re s s iv e  d e c l i n e  in the  mean e r y t h r o c y t e  le ve l  and 

corresponding r i s e  in t h e  mean corpuscu la r  volumes over  t h e  e n t i r e  

experiment a r e  u n l i k e l y  to  be caused by the  ac q u i red  f l u k e  burdens s ince  th e  

mean f l u k e  burdens were not l a r g e .  The anaemia a t t r i b u t a b l e  to  the feed in g  

a c t i v i t i e s  o f  a d u l t  f l u k e s  in th e  b i l e  ducts does not become ev id en t  t i l l  

l 4  weeks a f t e r  i n f e c t i o n  and then becomes p r o g r e s s i v e l y  more severe  

(Ross e t  a l . ,  196 6 ) .  Since th e  changes in mean e r y t h r o c y t e  l e v e l s  and 

mean co rpu scu la r  volumes were not as s o c ia te d  w i th  changes in the mean packed 

c e l l  volume,  mean haemoglobin co n c en t ra t io n  or  mean co rp u sc u la r  haemoglobin 

concent r a t  ion J t  is most l i k e l y  t h a t  these changes a r e  a t t r i b u t a b l e  to  normal 

p h y s io l o g i c a l  changes o c c u r r in g  in th e  growing c a l f  as s i m i l a r  f i n d i n g s  have 

been rep o r ted  in haemato1o g i c a 1 s tud ies  o f  the  c a l f  from 1-10  months o l d  

(Schalm 1961) .

The r e s u l t s  o f  t h i s  experiment conf i rm  and extend t h e  f i n d in g s  o f  

the  f i r s t  experiment where 83% o f  t h e  f l u k e  pop u la t io n  de r ived  from a s i n g l e  

i n f e c t i o n  o f  750 m e ta c e rc a r ia e  o f  F. hep at ica  were e l i m i n a t e d  between 16-30  

weeks a f t e r  I n f e c t i o n  as s o c ia te d  w i t h  a r a p i d l y  decreas ing faeces egg counts over  

th e  same p e r io d .

i t  would appear t h e r e f o r e  t h a t  ca lves  i n f e c t e d  w i t h  a s i n g l e  i n f e c t i o n  

o f  F. h e p a t ic a  w i l l  e l i m l n a t e  a 1 a rge p o p u la t i  on o f  t h e i r  acqu i red f l u k e  

burden between 20 -2 4  weeks a f t e r  i n f e c t i o n  and t h a t  t h i s  loss is preceded by 

a decreas ing b i o l o g i c a l  a c t i v i t y  o f  t h e  f lu k e s  as evidenced by t h e i r  decreasing  

egg p ro d u c t io n .
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Summa ry

T w en ty - fo u r  p a r a s i t e  f r e e  d a i r y  ca lves were each e x p e r i m e n t a l l y  

in f e c t e d  w i t h  500 m eta c e rc a r ia e  o f  F. h e p a t ic a .  Groups o f  4  c a lves  were

k i l l e d  4 ,  8 , 12, l 6 , 20 and 24 weeks a f t e r  i n f e c t i o n .  W h i le  13% o f  the  

i n f e c t i n g  dose was recovered from th e  ca lves  k i l l e d  a t  12 , 16 and 20 weeks 

a f t e r  i n f e c t i o n  o n ly  4.8% o f  t h e  i n f e c t i n g  dose was recovered from the  l i v e r s  

o f  th e  ca lv es  k i l l e d  24 weeks a f t e r  i n f e c t i o n .  T h is  loss o f  64% o f  the  

mean acqu ired  f l u k e  pop u la t io n  between 20 -24  weeks a f t e r  i n f e c t i o n  was 

preceded by decreas ing  faeces egg counts and r i s i n g  serum albumin l e v e l s  

o f  in f e c t e d  c a lves  i n d i c a t i n g  a reduced b i o l o g i c a l  a c t i v i t y  o f  th e  f lu k e s  

p r i o r  to t h e i r  expu ls io n  from th e  i n f e c t e d  c a lv e s .
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I N T R O D U C T I O N

T h e  r e s u l t s  o f  t h e  f i r s t  e x p e r i m e n t  d e s c r i b e d  i n  t h i s  t h e s i s  s h o w e d  

t h a t  u n d e r  w e l l  d e f i n e d  e x p e r i m e n t a l  c o n d i t i o n s  c a t t l e  i n f e c t e d  1 6  w e e k s  

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

r e i n f e c t e d  w i t h  t h i s  p a r a s i t e .  T h i s  r e s i s t a n c e  w a s  a p p a r e n t  e v e n  w h e n  c a l v e s  

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

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

m a y  h a v e  e n h a n c e d  t h e  r e s i s t a n c e  o f  t h e  u n t r e a t e d  r e i n f e c t e d  c a l v e s .  T h e  

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

p r i o r  t o  r e i n f e c t i o n  w i t h  t h i s  p a r a s i t e  a n d  t h e  s u b s e q u e n t  d e g r e e  o f  t h e  

r e s u l t a n t  a c q u i r e d  r e s i s t a n c e  i s  h o w e v e r  u n c e r t a i n .  T h e  r e p o r t s  o f  

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

c a t t l e  t o  r e i n f e c t i o n  w i t h  F .  h e p a t i c a  ( B o r a y ,  I 9 6 7 , 1969, H o r c h n e r  I 9 6 9 ,

Ross 1966a ,  d, 1967b) had a common f a c t o r  in t h a t  In each experiment the  

i n i t i a l  I n f e c t i o n  was a l lowed to  develop to  m a t u r i t y ,  r e i n f e c t i o n  occ u rr in g  

12-30  weeks a f t e r  the o r i g i n a l  i n f e c t i o n .  The f a i l u r e  o f  c a t t l e  r e i n f e c t e d  

3 weeks a f t e r  t h e i r  o r i g i n a l  i n f e c t i o n  to  develop any ac q u i red  re s is t a n c e  

has a lso  been described  (Ross 1966a ,  d ) .  Th is apparent  r e l a t i o n s h i p  between 

the d u ra t io n  o f  th e  i n i t i a l  i n f e c t i o n  and th e  subsequent degree o f  acqu ired  

r e s i s t a n c e  produced I s  a l l  the more i n t e r e s t i n g  in view o f  the  report  o f  

Corba a_[ ( 1 9 7 0  t h a t  a minimum development o f  8 weeks was necessary f o r  

F. hepat ic a  i n f e c t i o n s  in ra ts  b e fo re  lymphoid c e l l  suspensions from in f e c t e d  

r a ts  could  be used t o  s u c c e s s f u l l y  t r a n s f e r  immunity to  p r e v i o u s ly  non­

i n f e c t e d  isogenic r e c i p i e n t s .

T h e  e x p e r i m e n t  d e s c r i b e d  i n  t h i s  s e c t i o n  w a s  d e s i g n e d  t o  i n v e s t i g a t e  

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

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

d u c t s  o r  w e r e  r e i n f e c t e d  w h e n  t h e  m a j o r i t y  o f  t h e  p o p u l a t i o n  d e r i v e d  f r o m  t h e
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Group 

1 C

i n f e c t i o n  had j u s t  

The experimenta l

reached the  b i l e  

design is shown

ducts and became sexual  

b e lo w : -

l l y

7 weeks _ Co . 13 weeks K

6 weeks ,  1 wk c_ 13 weeks K1

12 weeks

' ' z

8 weeks K

11 weeks ,  1 wk

z

Cg 8 weeks K"“1 - ... ' ..........

20 weeks K

6 weeks 14 weeks K1

Co.............. 13 weeks K

^1 " i n f e c t  ion wi th

^2  = i n f e c t  ion wi th

T t  reatment w i t h

K ca lv es  ki 1 led

The experiment c o n s is te d  o f  t w e n t y - e i g h t  3 - 4  month o l d  p a r a s i t e  

f r e e  d a i r y  ca lv es  randomly a l l o c a t e d  in to  7 groups each o f  four  ca lves  

and in f e c t e d  w i t h  F. he p a t ic a  as shown in the  exper im enta l  des ign .  The 

exper iment  was designed t o  i n v e s t i g a t e  th e  e f f e c t s  o f  r e i n f e c t i o n  o f  the  

e i g h t  ca lv es  in Groups 1 and 2,  7 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  when 

the  f lu k e s  d e r iv e d  from th e  i n i t i a l  i n f e c t i o n  were s t i l l  in th e  h e p a t ic  

parenchyma and t h e  e f f e c t s  o f  r e i n f e c t i o n  o f  th e  e i g h t  ca lv es  in groups 

3 and 4 , 12 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  when th e  f lu k e s  de r ived  

from th e  i n i t i a l  i n f e c t i o n  were j u s t  deve lop ing  to  m a t u r i t y  in th e  b i l e  

d u c ts .

F lukanide -  Merck,  Sharp & Dohme L t d . ,  H e r ts ,  England.
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The e f f e c t  o f  th e  removal o f  the  f lu k e s  d e r iv ed  from th e  i n i t i a l  

i n f e c t i o n  p r i o r  to  r e i n f e c t i o n  was a ls o  in v e s t i g a t e d  by th e  t r e a t m e n t ,  o f  the  

four  ca lves  in Group 2, 6 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n ,  1 week p r i o r  to  

t h e i r  r e i n f e c t i o n  and th e  t rea tm en t  o f  the four  c a lv es  in Group 4 ,  11 weeks 

a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  and 1 week p r i o r  t o  t h e i r  r e i n f e c t i o n .  The 

a n t h e l m i n t i c  used on each occasion was r a fo xa n id e  a t  a dose r a t e  o f  

10 m g/kg . ,  which was rep o r ted  to  be e f f e c t i v e  a g a in s t  t h e  6 week o ld  and 

a d u l t  f lu k e s  (R ie k ,  B u t l e r ,  West 1971) .  The experiment was te rm in a ted  

20 weeks a f t e r  the i n i t i a l  i n f e c t i o n  as the  r e s u l t s  o f  th e  second 

experiment showed t h a t  t h e r e  would not be any s i g n i f i c a n t  loss o f  f lu ke s  

over t h i s  p e r i o d .  At  weekly i n t e r v a l s  throughout t h e  experiment th e  ca lves  

were examined, b le d ,  weighed and faec a l  samples ta k e n .  Weekly es t im a t io n s  

were made o f  th e  haemato logica]  in d ic e s ,  serum g lu t a m i c - o x a l o a c e t i c  

t ransaminase le v e ls  and faeces egg counts.  The serum albumin and t o t a l  

serum g l o b u l i n  l e v e l s  were es t im ate d  a t  f o r t n i g h t l y  i n t e r v a l s .

RESULTS

Weight

The 28 ca lves  gained an average o f  2.01 lb s /d a y  during the 20 weeks 

o f  the  exper im ent .  There were no s i g n i f i c a n t  d i f f e r e n c e s  in th e  weight  

gains o f  any o f  the groups o f  ca lves  a f t e r  e i t h e r  i n f e c t i o n  or  r e i n f e c t i o n .

The mean and i n d i v id u a l  va lues a re  given in t a b l e s  69 and 88 in Appendix 1, 

Haematology

The on ly  s i g n i f i c a n t  changes in a l l  t h e  haemato log ica]  ind ices  

throughout the experiment were conf ined  to  the changes in t o t a l  e r y t h r o c y t e  

counts and mean corpuscu la r  volumes o f  the  e ig h t  ca lves  in Groups 1 and 2,  

and th e  fo u r  ca lves  in Group 7 f o l lo w i n g  t h e i r  r e i n f e c t i o n  or  i n f e c t i o n  

w i t h  1,300  m e ta c e r c a r ia e  o f  F. h e p a t ic a .
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T h e  m e a n  e r y t h r o c y t e  c o u n t  o f  t h e  e i g h t  c a l v e s  i n  G r o u p s  1 a n d  2 

w a s  s i g n i f i c a n t l y  ( p  <  . 0 2 )  l o w e r  a t  t h e  e n d  o f  t h e  e x p e r i m e n t  

( 7 . 7 7  ± .41 m i  11 i o n s / c u . m m . )  13 w e e k s  a f t e r  t h e i r  r e i n f e c t i o n  w i t h  1,300  

m e t a c e r c a r i a e  o f  F. h e p a t i c a  a s  c o m p a r e d  t o  t h e  l e v e l  p r i o r  t o  r e i n f e c t i o n  

( 8 .5 3  ± .2 3  m i  11 i o n s / c u . m m . )  T h i s  d e c r e a s e  i n  e r y t h r o c y t e  l e v e l  w a s  

a c c o m p a n i e d  b y  a  s i g n i f i c a n t  r i s e  ( p  <  . 0 0 1 )  i n  t h e  m e a n  c o r p u s c u l a r  v o l u m e  

w h e n  t h e  l e v e l  p r i o r  t o  r e i n f e c t i o n  ( 3 8 .2  ± .6 8  c u . m i c r o n s ) ,  i s  c o m p a r e d  

t o  t h e  l e v e l  a t  t h e  e n d  o f  t h e  e x p e r i m e n t  ( 43 .3  ± . 8 4  c u .  m i c r o n s ) .  A 

s i m i l a r  c h a n g e  o c c u r r e d  i n  t h e  m e a n  e r y t h r o c y t e  l e v e l  o f  t h e  4  p r e v i o u s l y  

u n i n f e c t e d  c a l v e s  i n  G r o u p  7 a n d  t h e  m e a n  e r y t h r o c y t e  l e v e l  13 w e e k s  a f t e r  

i n f e c t i o n  ( 7 . 1 0  ±  . 1 0  m i  1 1 i o n s / c u . m m . )  w a s  s i g n i f i c a n t l y  l o w e r  ( p  <  . 0 2 )  

t h a n  t h e  l e v e l  b e f o r e  i n f e c t i o n  (8.21 ± .38  m i  11 i o n s / c u . m m . )  T h e  m e a n  

c o r p u s c u l a r  v o l u m e  o f  t h e s e  c a l v e s  w a s  a l s o  s i g n i f i c a n t l y  h i g h e r  ( p  <  . 0 5 )  

13 w e e k s  a f t e r  i n f e c t i o n  ( 4 6 . 2  ± 1.35 c u . m i c r o n s )  a s  c o m p a r e d  t o  t h e  s i z e  

p r i o r  t o  r e i n f e c t i o n  ( 4 0 .3  ± 1.75  c u . m i c r o n s ) .

T h e r e  w e r e  n o  o t h e r  s i g n i f i c a n t  c h a n g e s  I n  t h e  h a e m a t o l o g i c a 1 i n d i c e s  

o f  a n y  o t h e r  g r o u p  o f  c a l v e s  d u r i n g  t h e  e x p e r i m e n t .  T h e  m e a n  a n d  

i n d i v i d u a l  v a l u e s  a r e  g i v e n  i n  a p p e n d i x  1. t a b l e s  6 5 , 6 6 , 70 -74 ,  79 -83 .

M e a n  S e r u m  A l b u m i n  L e v e l

The s i g n i f i c a n t  changes in th e  mean serum albumin l e v e l s  a r e  shown 

in f i g u r e  8 , t h e  group means and i n d iv id u a l  va lues  a r e  g iven in ta b le s

6 7 , 6 8 , 75 and 84 In Appendix 1,

The mean serum albumin le v e l  o f  the  e ig h t  c a lv es  in Groups 1 and 2 

which were r e i n f e c t e d  w i th  1,300 m e t a cerc a r ia e  o f  F. h e p a t i c a , 7 weeks 

a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  o f  750 m e t ac erc ar iae  o f  F. hepat ica  was 

s i g n i f i c a n t l y  (p <  , 0 2 ) lower a t  th e  end o f  th e  experiment  ( 1 . 9 8  + .03

gms/1 0 0  m l . )  as compared to  t h e  leve l  p r i o r  to  r e i n f e c t i o n  (2 .1 9  ± . 0 8

gms/1 0 0  m l . )



Fig. 8

The mean serum a lb u m in  and t o L a l  serum g l o b u l i n s  o f  2 g roups  

o f  8 c a l v e s ,  a l l  i n i t i a l l y  i n f e c t e d  w i t h  750 m e t a c e r c a r i a e  o f  

F, h e p a t i c a .  One g roup  was r e i n f e c t e d  7 weeks and t h e  o t h e r  

g roup  12 weeks l a t e r  w i t h  1,300 m e t a c e r c a r i a e  o f  F. hepa t  i c a .
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Mean v a lu e s  o f  8 c a l v e s  r e i n f e c t e d  12 weeks a f t e r  
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The mean serum albumin lev e l  o f  th e  8 ca lves  in Groups 3 and 4 

was s i g n i f i c a n t l y  (p <  . 0 0 1 )  lower a t  12 weeks a f t e r  t h e i r  i n i t i a l  

i n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  F. hepat ica ( 1 ,9 3  ± .03  gms/100 ml)  

as compared t o  t h e  leve l  a t  t h e  s t a r t  o f  th e  experiment ( 2 , 2 4  ± .03  

gms/100 m l . ) .  The mean serum albumin leve l  o f  these e ig h t  ca lves  in Groups 

3 and 4  then rose over th e  l a t t e r  p a r t  o f  the experiment d e s p i te  t h e i r  

r e i n f e c t i o n  w i t h  1,300 m eta c e rc a r ia e  o f  F. h e p a t i c a . At  t h e  end o f  the  

experiment i t  was s i g n i f i c a n t l y  (p <  . 0 1 )  higher (2 .1 6  ± .05  gms/100 m l . )  

than I t  had been p r i o r  t o  r e i n f e c t i o n ,  8 weeks p r e v io u s l y  ( 1 .9 3  ± .03  

gms/100 m l . ) .

At  th e  end o f  th e  experiment the  mean serum albumin leve l  o f  th e  8 

ca lv es  in Groups 3 and 4  which were r e i n f e c t e d ,  12 weeks a f t e r  t h e i r  i n i t i a l  

i n f e c t i o n  (2 . 1 6  ± .05 gms/100 m l . )  was a ls o  s i g n i f i c a n t l y  h ig h er  (p <  , 0 1 )  

than t h a t  o f  t h e  8 ca lves  in Groups 1 and 2 r e i n f e c t e d  7 weeks a f t e r  t h e i r  

i n i t i a l  i n f e c t i o n  ( 1 .9 8  ± .03 gms/100 m l . ) .

There were no o t h e r  s i g n i f i c a n t  changes in th e  serum albumin leve l  in 

o r  between th e  seven groups o f  c a lves  during the  experiment .

M e a n  T o t a l  S e r u m  G l o b u l i n  L e v e l s

The s i g n i f i c a n t  changes in t h e  mean t o t a l  serum g l o b u l i n s  a r e  shown 

in f i g u r e  8, the  group means and in d i v id u a l  va lu es  a r e  given in Tables 6 / ,

68 ,  76 and 85 in Appendix 1.

The mean t o t a l  serum g l o b u l i n  leve l  o f  the e i g h t  c a lves  in Groups 1 

and 2 r e i n f e c t e d  w i t h  1,300 m eta c e rc a r ia e  o f  F. h e p a t i c a .  7 weeks a f t e r  t h e i r  

i n i t i a l  i n f e c t i o n  w i t h  750 m eta c e rc a r ia e  o f  F. hep a t ica  rose p ro g r e s s iv e l y  

throughout th e  exper im ent .  At th e  end o f  the experiment the  leve l  

( 4 .93  ± .13  gms/1 0 0  m l . )  was s i g n i f i c a n t l y  h ig h er  (p <  . 0 0 1 ) than a t  th e  

s t a r t  o f  th e  experiment ( 3 .8 9  ± .17  gms/100 m l . ) .  The mean t o t a l  serum 

g l o b u l in  l e ve l  o f  th e  e i g h t  ca lves  in Groups 3 and 4  rose s i g n i f i c a n t l y  

during the 12 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i th  750 m e t ac erc ar iae  o f  

F. hepat ica  and the  lev e l  a t  12 weeks a f t e r  i n f e c t i o n  ( 4 . 3 7  ± .11 gms/100 m l . )
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j u s t  p r i o r  to  t h e i r  r e i n f e c t i o n  was s i g n i f i c a n t l y  h ig h e r  (p <  . 0 0 1 )  

than the leve l  a t  th e  s t a r t  o f  th e  experiment (3 -6 3  ± .1 2  gms/100 m l . )

The mean t o t a l  serum g l o b u l i n  l ev e l  o f  the e i g h t  c a lves  in Groups 3 and 

4 d id  not in crease  s i g n i f i c a n t l y  a f t e r  t h e i r  r e i n f e c t i o n  w i t h  1,300  

m e ta c e r c a r ia e  o f  F. h e p a t i c a .  The mean t o t a l  serum g l o b u l i n  leve l  o f  

t h e  e i g h t  ca lves  in Groups 3 and 4 was in f a c t  s i g n i f i c a n t l y  lower  

(p <  . 0 1 )  a t  t h e  end o f  the  experiment ( 4 ,3 2  ± ,10 gms/100 m l . )  than th e  

le ve l  o f  th e  e i g h t  ca lv es  in groups 1 and 2 ( 4 .9 3  ± . 13  gms/100 m l . )

The mean t o t a l  serum g l o b u l i n  leve l  o f  th e  4 ca lves  in Group 6 

was s i g n i f i c a n t l y  )p <  . 0 2 )  h ig h er  a t  th e  end o f  th e  experiment  

( 4 . 3 8  ± . 1 4  gms/100 m l . )  compared t o  the  leve l  a t  t h e  s t a r t  o f  th e  

experiment (3 .7 3  ± . 17  gms/100 m l . ) .

There were no o th e r  s i g n i f i c a n t  changes in t h e  mean t o t a l  serum 

g lo b u l in  l e v e l  in o r  between th e  ~J groups o f  c a lv e s  during t h e  exper im ent.

Mean serum g lu tam ic -o x a lo ace t ic  t ransaminase l e v e l s

The s i g n i f i c a n t  changes in SGOT l e v e ls  a re  shown in f i g u r e  9 and 

the  group means and in d i v id u a l  va lues  a r e  shown in t a b l e s  6 7 , 68,  77 and 86 

Appendix 1.

Three weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  o f  750 m e ta c e rc a r ia e  o f  

F. h ep a t ica  th e  24 ca lves  in Groups 1 -  6 had a s i g n i f i c a n t l y  h igher  

(p <  . 0 5 ) mean SGOT le v e l  (1 0 4 .9  ± 6 . 4  S-F u n i t s )  than d id  th e  fo ur  

u n in f e c t e d  ca lv e s  in Group 7- ( 6 8 . 7  ± 3 .9  S-F u n i t s ) .  The mean SGOT l e v e l s  

o f  t h e  8 ca lve s  in Groups 1 and 2 showed a f u r t h e r  s i g n i f i c a n t  r i s e  

f o l l o w i n g  t h e i r  r e i n f e c t i o n  w i t h  1,300 m eta c e rc a r ia e  o f  F. h e p a t i c a ,  7 weeks

a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  F. h e p a t i c a .

The mean SGOT l e v e l s  8 weeks a f t e r  th e  r e i n f e c t i o n  ( 1 2 1 .4  ± 15 .7  S-F u n i t s )  

was s i g n i f i c a n t l y  h ig h er  (p <  . 0 2 )  than th e  l e v e l  p r i o r  t o  r e i n f e c t i o n

(6"0.9' ± t .4  S-F u n i t s ) .  The mean SGOT le v e l  o f  t h e  e i g h t  ca lv es  in Groups

1 and 2 then remained e le v a t e d  t i l l  th e  end o f  t h e  experiment  ( 9 8 .2  ± 8 .8 5  

S-F u n i t s ) .



Fig. 9
The. mean serum g lu t iami  c - o x a  l o a c e t  I c t r a n s a m i n a s e  l e v e l s  o f  

2 g roups  o f  8 c a l v e s  a l l  i n i t i a l l y  i n f e c t e d  w i t h  750 

m e t a c e r c a r i a e  o f  F. h e p a t i c a .  One group  was r e i n f e c t e d  7
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The mean SGOT leve l  o f  t h e  8 ca lv es  in Groups 3 and 4 did  not  

however show any f u r t h e r  s i g n i f i c a n t  r i s e  f o l l o w i n g  t h e i r  r e i n f e c t i o n  

w i t h  1,300 m e t a c e r c a r ia e  o f  F. h e p a t i c a , 12 weeks a f t e r  t h e i r  i n i t i a l  

i n f e c t i o n  w i t h  750 m e ta c e r c a r ia e  o f  F. h e p a t ic a .  The mean SGOT leve l  a t  

t h e  end o f  the  experiment  ( 8 4 .6  ± 4 .7 5  S-F u n i t s )  was not  s i g n i f i c a n t l y  

d i f f e r e n t  from th e  le v e l  p r i o r  to  r e i n f e c t i o n  12 weeks a f t e r  t h e i r  i n i t i a l  

i n f e c t i o n  ( 8 8 . 9  ± 5 . 2  S-F u n i t s ) .

There were no o th e r  s i g n i f i c a n t  changes in th e  serum g l u t a m i c -  

o x a l o a c e t i c  t ransaminase l e v e l s  in or  between t h e  seven groups o f  ca lves  

dur ing th e  exp er im en t .

Faeces Egg Counts

The mean faeces egg counts o f  each group o f  c a lves  a r e  shown in 

T a b le  7.  The i n d iv id u a l  faeces counts a r e  shown in T a b le  87 Appendix 1.

Patency occurred  12 weeks a f t e r  th e  i n i t i a l  i n f e c t i o n  o f  750 

m e ta c e r c a r ia e  o f  F, h e p a t i c a .  Fluke eggs were found in th e  faeces o f  th e  

ca lv es  in Groups 2 and 6 which had been t r e a t e d  w i t h  r a fo x a n id e  11 weeks 

a f t e r  th e  I n i t i a l  i n f e c t i o n .  Patency occurred  a t  11 weeks a f t e r  i n f e c t i o n  

o f  th e  4 p r e v io u s l y  u n in f e c t e d  ca lves  in Group 1 w i t h  1,300 m eta c e rc a r ia e  

o f  F. h e p a t i c a .

F luke Counts

The mean numbers o f  f l u k e s  recovered from each group o f  c a lves  a r e  

shown in T a b le  8 and in d i v i d u a l  f l u k e  recovery from each c a l f  a r e  shown in 

T ab le  78 Appendix 1.

The e ig h t  ca lv es  in Groups 1 and 2 r e i n f e c t e d  w i th  1,300  

m e ta c e rc a r ia e  o f  F. h ep a t ic a  7 weeks a f t e r  an i n i t i a l  i n f e c t i o n  w i t h  750 

m e t a c e rc a r ia e  o f  F. h e pa t ic a  showed no apparent  r e s i s t a n c e  t o  r e i n f e c t i o n  

as th e  mean number o f  f l u k e s  recovered from th ese  8 c a lv e s  (52  ± 8 . 6 )  is 

not s i g n i f i c a n t l y  d i f f e r e n t  from th e  mean number o f  f l u k e s  recovered from
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th e  4 p r e v io u s l y  u n in f e c t e d  c a lv es  in Group 7 which o n ly  rece iv ed  a 

s i n g l e  i n f e c t i o n  o f  1 ,300  m e ta c e rc a r ia e  o f  F. h ep a t ica  (75  ± 1 1 . 4 ) .

The a n t h e l m i n t i c  a t  th e  dose r a t e  used had very  l i t t l e  e f f e c t  on th e  

immature f l u k e s  6 weeks a f t e r  t h e  i n i t i a l  i n f e c t i o n  as t h e  number o f  

f l u k e s  recovered from th e  fo ur  ca lves  o f  Group 6 (32)  which were t r e a t e d  

w i t h  ra fo x a n id e  6 weeks a f t e r  t h e  i n i t i a l  i n f e c t i o n  is  not s i g n i f i c a n t l y  

d i f f e r e n c e  from t h e  number o f  f l u k e s  (42)  recovered from th e  l i v e r s  o f  

th e  4 u n t r e a te d  ca lves  in Group 5 which on ly  rec e iv e d  t h e  i n i t i a l  i n f e c t i o n .

There was, however,  evidence  o f  a s i g n i f i c a n t  r e s i s t a n c e  to  r e i n f e c t i o n  

in th e  8 c a lves  o f  groups 3 and 4  which were r e i n f e c t e d  w i t h  1,300  

m e ta c e rc a r ia e  o f  F. h e p a t i c a , 12 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  

750 m e ta c e r c a r ia e  o f  F. h e p a t i c a . The mean number o f  f l u k e s  recovered  

f rom th e  l i v e r s  o f  th e  8 ca lves  in Groups 3 and 4 (2 0 .6  ± 2 . 6 )  is 

s i g n i f i c a n t l y  lower (p <  . 0 1 )  than th e  mean number o f  f l u k e s  recovered  

from t h e  4 p r e v i o u s ly  u n in f e c t e d  ca lves  in Group 7 which o n ly  re ce ive d  a 

s i n g l e  i n f e c t i o n  o f  1,300 m e ta c e rc a r ia e  o f  F. h ep a t ica  (75 ± 1 1 . 4 ) ,

T h is  represents  a reduct ion  o f  72.5% in the  acq u i red  f l u k e  burden o f  the  

r e i n f e c t e d  ca lve s  in Groups 3 and 4 as compared to  th e  acq u i red  f l u k e  

burdens o f  th e  i n f e c t e d  c o n t ro l  ca lves  in Group 7*

There is  no s i g n i f i c a n t  d i f f e r e n c e  between th e  numbers o f  f lu ke s  

recovered from the  in f e c t e d  and r e i n f e c t e d  ca lves  in Group 3 (2 3 .2  ± 3 . 4 )  

and from th e  i n f e c t e d ,  t r e a t e d  and r e i n f e c t e d  ca lves  in Group 4 (18 ± 3 . 4 ) .

As can be seen in t a b l e  8 however, the  p ro p o r t io n  o f  mature/ immature f lu k e s  

in the f l u k e  p o pu la t ion  recovered from the  in f e c t e d  and r e i n f e c t e d  ca lves  in 

Group 4 ( 1 , 5 / 1) is  q u i t e  d i f f e r e n t  from t h a t  o f  the  i n f e c t e d ,  t r e a t e d  and 

r e i n f e c t e d  ca lves  in Group 3 ( 1 / 5 ) .  Th is  can be e x p la in e d  on th e  basis o f  

the  m a j o r i t y  o f  f l u k e s  recovered from th e  l i v e r s  o f  Group 4 a re  d er iv ed
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from th e  r e i n f e c t i o n  as th ese  ca lv es  were t r e a t e d  w i t h  ra fo xan ide  to  

remove th e  f lu k e s  from th e  i n i t i a l  i n f e c t i o n .  I t  would appear t h e r e f o r e  

t h a t  th e  presence o f  th e  o r i g i n a l  f l u k e  p opu la t ion  dur ing th e  r e i n f e c t i o n  

o f  th e  ca lves  in Group 3 may have enhanced the  degree o f  r e s is t a n c e  obta ined .

Pathology

The gross p a th o lo g ic a l  f i n d i n g s  in the  ca lves  r e c e iv i n g  a s in g le  

i n f e c t i o n  were s i m i l a r  t o  those  t o  be descr ibed  in th e  ca lves  o f  the  

second experiment .  The gross p a th o lo g ic a l  f i n d i n g s  o f  th e  r e i n f e c t e d  

ca lves  were s i m i l a r  t o  those descr ibed  in the  r e i n f e c t e d  c a lves  o f  the  

f i r s t  experiment .

Pi scussion

I t  would appear from t h e  r e s u l t s  o f  t h i s  experiment  t h a t  the  degree  

o f  re s is t a n c e  o b ta in ed  t o  r e i n f e c t i o n  w i th  F. h e p a t ica  is  r e l a t e d  t o  the  

d u r a t io n  o f  the i n i t i a l  i n f e c t i o n .

The c a lves  r e i n f e c t e d  w i t h  1,300 m e ta c e rc a r ia e  o f  F. h e p a t i c a .  12 

weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i th  750 m e ta c e r c a r ia e  o f  F. h ep at ica  

had a reduct io n  o f  72 . 5% in t h e i r  acqu ired  f l u k e  burdens as compared to  the  

numbers o f  f l u k e s  recovered from p r e v io u s ly  u n in f e c t e d  ca lves  which rece ived  

a s in g le  i n f e c t i o n  o f  1 ,300 m e tace rc ar iae  o f  F. h e p a t i c a .  The re s is t a n c e  

was r e f l e c t e d  in the lack  o f  changes in th e  haem ato log lcal  in d ices ,  mean 

serum g l u t a m i c - o x a l o a c e t i c  t ransaminase  l e v e l s ,  mean t o t a l  serum g lo b u l in s  

and the r i s e  in t h e i r  mean serum albumin le v e ls  over t h e  p e r iod  o f  t h e i r  

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

The degree o f  r e s i s t a n c e  o b ta ine d  in those ca lve s  r e i n f e c t e d  12 

weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  ( 72 . 5%) is ap p ro x im a te ly  the same as 

t h a t  ob ta in ed  by Boray (19^7)  in 4 ca lves  t r e a t e d  and r e i n f e c t e d  w i th  

F. hep a t ica  14-19 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  (78%), but is 

g r e a t e r  than t h a t  found by Hochner (19&9) and Ross ( 1966a , d ,  1967b) who
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described  a red u ct io n  o f  50-66% in c a lv es  r e i n f e c t e d  12, 18 and 30 weeks 

a f t e r  t h e i r  i n i t i a l  i n f e c t i o n .  In the  exper iments o f  Hochner (1969)  

and Ross (1966a,  d, 1967b) t h e  degree o f  r e s is t a n c e  was c a l c u l a t e d  on 

the bas is  o f  d i s t i n g u i s h i n g  both f l u k e  po p u la t io ns  d e r iv e d  from t h e  i n i t i a l  

and r e i n f e c t i n g  i n f e c t i o n s  on the  b as is  o f  f l u k e  s i z e  and as t h i s  method 

is  open to  some degree o f  e r r o r  th e  r e s u l t s  a r e  less  s a t i s f a c t o r y  and more 

d i f f i c u l t  t o  compare w i th  t h e  r e s u l t s  described  by Boray ( I 9 6 7 ) and those  

described  in t h i s  t h e s i s .

An 'ac q u i r e d  s e l f - c u r e "  as described  by Ross ( I 9 6 6 ) d id  not occur  

in t h i s  e xper im ent .  The p o p u la t io n  o f  f lu k e s  recovered from the  l i v e r s  

o f  t h e  ca lves  in Group 3 which were r e i n f e c t e d  in t h e  presence o f  th e  

i n i t i a l  f l u k e  p o p u la t io n  can be seen in Tab le  8 to  have a c o n s id e ra b ly  

higher  r a t i o  o f  a d u l t / im m a t u r e  f lu k e s  ( 1 , 5 / 1 )  than e i t h e r  t h e  ca lve s  in 

Group 4 which were t r e a t e d  w i th  a n t h e l m i n t i c  p r i o r  to  r e i n f e c t i o n  ( 1 / 5 )  

o r  th e  p r e v i o u s ly  u n in f e c t e d  c o n t ro l  ca lves  in Group 7 ( 1 / 2 ) .  Th is  can 

on ly  be e x p la in e d  by th e  p e r s is t e n c e  o f  the  a d u l t  f l u k e s  r e s u l t i n g  from 

t h e  i n i t i a l  i n f e c t i o n  dur ing t h e  r e i n f e c t i o n  and t h i s  premise is  supported  

by the  f a c t  t h a t  these  a d u l t  f l u k e s  der ive d  from t h e  i n i t i a l  i n f e c t i o n  

cont inued to  pass eggs in to  t h e  faeces during t h e  p e r io d  o f  r e i n f e c t i o n .  

The ca lv es  in Group 3 may thus have been more r e s i s t a n t  to  r e i n f e c t i o n  

than th e  ca lv es  in Group 4 s in ce  th e  mean numbers o f  f l u k e s  recovered from 

both Group 3 (2 3 . 2  ± 3 . 5 )  and Group 5 ( 1 8 .0  ± 3 . 4 )  a r e  s i m i l a r  but a 

l a r g e  p ro p o r t io n  o f  t h e  f lu k e s  recovered from Group 3 would appear to  have 

o r i g i n a t e d  from t h e  i n i t i a l  i n f e c t i o n  whereas in th e  case o f  the  t r e a t e d  

and r e i n f e c t e d  c a lves  in Group 4 the  f lu k e s  recovered  must have been 

de r ived  from the  r e i n f e c t i o n .
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The ca lves  r e i n f e c t e d  7 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  did  

not show any s i g n i f i c a n t  re duct ion  in numbers o f  f l u k e s  which became 

e s t a b l i s h e d  in these ca lves  ( 5 2 . 4  ± 8 . 6 )  as compared to  th e  p r e v io u s ly  

u n in fe c te d  co n t r o l  ca lves  (75 ± 1 1 . 4 ) ,  This was r e f l e c t e d  in th e  f a l l  

in t h e i r  mean e r y t h r o c y t e  count and consequent r i s e  in mean corpuscu la r  

volume, th e  co nt in ued  f a l l  in t h e i r  mean serum albumin l e v e l ,  the  cont inued  

r i s e  in the  mean t o t a l  serum g l o b u l in s  and mean serum g lu t a m i c - o x a l o a c e t i c  

t ransaminase l e v e l s  s i m i l a r  t o  th e  changes in these va lu es  o c c u r r in g  in 

the  p r e v i o u s ly  u n in f e c t e d  ca lves  in Group 7 f o l l o w in g  t h e i r  i n f e c t i o n  

w i t h  1,300 m e t a c e r c a r ia e  o f  F. h e p a t i c a .

i t  would appear t h e r e f o r e  t h a t  a l though no s i g n i f i c a n t  degree o f  

ac q u i red  r e s is t a n c e  can be demonstrated when ca lv es  a r e  r e i n f e c t e d  3 weeks 

(Ross 1966 ) o r  7 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  a s u b s t a n t i a l  degree  

o f  r e s i s t a n c e  can be demonstrated when ca lves  a r e  r e i n f e c t e d  12 weeks a f t e r  

t h e i r  i n i t i a l  i n f e c t i o n .  Th is  acq u i red  r e s is t a n c e  would appear t o  increase  

i f  l a r g e r  i n t e r v a l s  a r e  a l lo w e d  b e fo r e  r e i n f e c t i o n  as an 84% reduct ion  was 

o b ta ine d  in the  f i r s t  experiment o f  t h i s  t h e s i s .

T h e  r e l a t i o n s h i p  b e t w e e n  a n  a c q u i r e d  r e s i s t a n c e  a n d  t h e  d u r a t i o n  o f  

t h e  i n i t i a l  i n f e c t i o n  h a s  t w o  p o s s i b l e  e x p l a n a t i o n s .  T h e  f i r s t  o f  t h e s e  i s  

t h a t  p r o p o s e d  b y  B o r a y  ( I 9 6 7 , 19&9) t h a t  t h e  d e g r e e  o f  r e s i s t a n c e  i s  

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

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

r e s p o n s e  b y  t h e  h o s t .

T h e  s e c o n d  p o s s i b l e  e x p l a n a t i o n  i s  t h a t  t h e  r e s i s t a n c e  i s  d e p e n d e n t  o n

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

r e s u l t s  o f  C o r b a  ,  (1971)  u s i n g  F .  h e p a t i c a  i n f e c t i o n s  i n  r a t s  a n d  c a l v e s
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wou Id  support  t h i s  e x p l a n a t i o n ,  Corba ^  eJ, (1971)  described  the  

t r a n s f e r  o f  immunity to  isogenic r e c i p i e n t s  r e c e i v in g  lymphoid c e l l  

suspensions from i n f e c t e d  r a t s .  They a lso  showed a t r a n f e r  o f  immunity 

using a s i m i l a r  system in i d e n t i c a l  twin c a lv e s .  I t  was found t h a t  a 

minimum o f  8 weeks exposure to  F. hepat ic a  i n f e c t i o n s  in th e  ra t  was 

necessary b e fo r e  th e  a cq u i re d  immunity could be s u c c e s s f u l l y  t r a n s f e r r e d .  

A s i m i l a r  immune response may occur in c a t t l e .  The t im e  f a c t o r  may have 

two p o s s ib le  e x p la n a t i o n s ,  th e  f i r s t  t h a t  th e  a n t ig e n s  necessary f o r  the  

s t i m u l a t i o n  o f  an e f f e c t i v e  immune response a r e  o n ly  a v a i l a b l e  from th e  

mature f lu k e s  or  th e  second is t h a t  prolonged a n t i g e n i c  s t i m u l a t i o n  over  

t h i s  t im e  induces an immune response s u f f i c i e n t l y  g rea t  t o  e l i m i n a t e  the  

paras i t e .

Summary

No s i g n i f i c a n t  r e s is t a n c e  to  r e i n f e c t i o n  was found when two groups o f  

k  c a lves  were r e i n f e c t e d  w i t h  1,300  m etac erc ar iae  o f  F. h e p a t i c a .  7 weeks 

a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i th  750 m e t a cerc a r ia e  o f  F. h e p a t ic a .

A s i g n i f i c a n t  r e s is t a n c e  was however demonstrated when two groups o f  4  

ca lves  were r e i n f e c t e d  w i t h  1,300 m eta cerc a r ia e  o f  F. h ep a t ica  12 weeks 

a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  750 m e t ac erc ar iae  o f  F. h e p a t ic a .

Only 27.5% o f  th e  f l u k e  burden found in the  p r e v i o u s ly  u n in f e c t e d  c o n t ro l  

ca lv es  was recovered from these  r e i n f e c t e d  c a lv e s .  The fo u r  ca lves  in 

which th e  i n i t i a l  i n f e c t i o n  was a l lo w ed  to  p e r s i s t  dur ing the r e i n f e c t i o n  

were p o s s ib ly  more r e s i s t a n t  t o  r e i n f e c t i o n  than the  fo u r  ca lves  in which 

th e  i n i t i a l  i n f e c t i o n  was removed using an a n t h e l m i n t i c  p r i o r  to  t h e i r  

r e i n f e c t i o n .
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GENERAL DISCUSSION

The r e s u l t s  o f  t h e  exper iments  descr ibed  in t h i s  p a r t  o f  th e  th e s is  

show c l e a r l y  t h a t  c a lves  develop an acqu ired  r e s i s t a n c e  to  i n f e c t i o n s  w i th  

Fasc io la  h ep a t ica  and t h a t  t h i s  re s is t a n c e  Is m an i fe s t  a g a in s t  both a s i n g l e  

i n f e c t i o n  and r e i n f e c t i o n  w i t h  t h i s  p a r a s i t e .

The use o f  the  term 'a c q u i r e d  r e s i s t a n c e '  can be j u s t i f i e d  by 

comparison o f  t h e  f in d in g s  o f  th ese  experiments w i t h  th e  c r i t e r i a  f o r  

assessing  'a c q u i r e d  r e s is t a n c e '  as d e f in e d  by S t i r e w a i t  (1963)  and l i s t e d  

in th e  in t r o d u c t io n  to  t h i s  t h e s i s .

The response o f  ca lv es  to  a s i n g l e  i n f e c t i o n  w i t h  F. hepat  i ca w i l l  be 

cons idered f i r s t .  I t  was found t h a t  ca lves  r e c e i v i n g  a s i n g l e  i n f e c t i o n  o f  

500-750  m e ta c e r c a r ia e  o f  F. he p a t Ic a  w i l l  begin to  e l i m i n a t e  the  f lu k e s  

de r ived  from t h i s  i n f e c t i o n  between 20 -24  weeks a f t e r  i n f e c t i o n  and t h a t  t h i s  

expu ls io n  is preceded by a p e r io d  o f  4 - 8  weeks o f  reduced b i o l o g i c a l  a c t i v i t y  

o f  th e  f l u k e s  as evidenced by the sharp decrease in th e  faeces egg counts  

j u s t  p r i o r  to th e  expu ls io n  o f  th e  f l u k e s .  I t  was found t h a t  on ly  36% o f  

th e  f l u k e  p o p u la t io n  e x i s t i n g  from 12-20 weeks a f t e r  i n f e c t i o n  was recovered  

a t  24 weeks a f t e r  i n f e c t i o n  and a t  30 weeks a f t e r  i n f e c t i o n  only  l6% o f  the  

f l u k e  p o p u la t io n  presen t  16 weeks a f t e r  i n f e c t i o n  was recovered.  When t h i s  

r a t e  o f  loss is  p l o t t e d  l o g a r i t h m e t i c a ] l y  a g a in s t  t ime a f t e r  i n f e c t i o n  

assuming th e  loss o f  f l u k e s  begins 20 weeks a f t e r  i n f e c t i o n ,  i t  can be seen 

in f i g u r e  10 t h a t  a s t r a i g h t  l i n e  r e s u l t s  showing th e  e xp o n en t ia l  loss in th e  

acqu i red  f l u k e  burden o f  these  c a lv e s .

' S e l f - c u r e '  has r e c e n t l y  been de f ine d  (H erb er t  and Wilk in son  1971) w i th  

regards t o  i n t e s t i n a l  nematodes as ' t h e  suddenly i n i t i a t e d  and t h e r e a f t e r  

exponent ia l  e xpu ls ion  o f  th e  m a j o r i t y  o f  th e  p o p u la t io n  o f  worms' .and so 

ca lv es  i n f e c t e d  w i t h  a s i n g l e  i n f e c t i o n  o f  F. h e p a t ic a  can be sa id  to  have 

developed a ' s e l f - c u r e '  which begins some 20 weeks a f t e r  t h e i r  i n f e c t i o n .
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This  r e s u l t  then f u l f i l s  th e  f i r s t  c r i t e r i a  o f  S t i r e w a l t  (1963)  

which is c i t e d  in th e  i n t r o d u c t io n  to  t h i s  t h e s is  v i z ,  " th e  a b i l i t y  o f  a 

host to  mount a ‘ s e l f - c u r e ’ response".  Thus ca lves  r e c e iv i n g  a s i n g l e  

i n f e c t i o n  o f  F, h ep a t ica  can thus be sa id  to  develop an acqu ired  r e s is t a n c e  

to  t h i s  p a r a s i t e .  These experiments represent  t h e  f i r s t  s i g n i f i c a n t  

exper im enta l  proof  o f  the  development o f  such an a cq u i re d  r e s i s t a n c e  to  a 

s i n g l e  i n f e c t i o n  w i th  F. hep a t ica  in c a t t l e .

The response o f  ca lves  to  r e i n f e c t i o n  w i t h  F. h e p a t ic a  can be 

summarsied as fo l l o w s .  Calves r e i n f e c t e d  16 weeks a f t e r  an i n i t i a l  i n f e c t i o n  

o f  F. hep a t ica  r e s i s t e d  the e s tab l ishm ent  o f  a l l  but 16% o f  th e  f l u k e  burden 

which developed in p r e v io u s ly  u n in fe c te d  c a lves .  Calves r e i n f e c t e d  12 weeks 

a f t e r  an i n i t i a l  i n f e c t i o n  w i t h  F. h ep at ic a  r e s i s t e d  t h e  estab l ishm ent  of  

a l l  but 2 7 . 5% of  th e  f l u k e  burden which became e s t a b l i s h e d  in p r e v io u s ly  

u n in fe c te d  c a lv e s .  Th is  re s is t a n c e  to  r e i n f e c t i o n  was a ls o  r e f l e c t e d  in 

the  f a i l u r e  o f  the r e i n f e c t i n g  pop u la t io n  t o  f u r t h e r  s i g n i f i c a n t l y  a l t e r  

e i t h e r  the haemato log lca l  or  biochemical  parameters s tu d ie d  in these  

exper iments .  The r e s u l t s  o f  these experiments t h e r e f o r e  f u l f i l  the  

remaining 2 c r i t e r i a  o f  S t i r e w a l t  (1963)  c i t e d  In the  in t r o d u c t io n  t o  t h i s  

t h e s i s  v i z ,  "A reduct ion  in the  expected worm burden from a given I n f e c t i n g  

dose 'and'  A reduced lev e l  o f  d isease  in the ho s t" .  The ca lves  r e i n f e c t e d  

w ith  F. he pa t ic a  can t h e r e f o r e  be considered to  have developed an 'acq u i red  

r e s i s t a n c e '  t o  r e i n f e c t i o n  w i t h  t h i s  p a r a s i t e .

The r e l a t i o n s h i p  between the  development o f  t h i s  ac q u i red  r e s is t a n c e  

and the  d u ra t io n  o f  th e  i n i t i a l  i n f e c t i o n  p r i o r  to  r e i n f e c t i o n  has a ls o  been 

demonstrated.  Calves r e i n f e c t e d  7 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  did  

not develop an a c q u i re d  re s i s t a n c e  t o  r e i n f e c t i o n  w i t h  F. hepat  ica w h i l e  

ca lves  r e i n f e c t e d  12 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  showed a 73% 

r e s is t a n c e  and ca lves  r e i n f e c t e d  I 6 weeks a f t e r  t h e i r  i n i t i a l  I n f e c t i o n  

showed an 84% r e s i s t a n c e  to  r e i n f e c t i o n .
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The r e s u l t s  o f  these experiments conf irm th e  p r e l i m i n a r y  r e s u l t s  o f  

Boray ( I 9 6 7 ) in 4 c a lves  t r e a t e d  and r e i n f e c t e d  14-19 weeks a f t e r  t h e i r  

i n i t i a l  i n f e c t i o n  and shows f o r  the f i r s t  t ime th e  r e l a t i o n s h i p  between 

th e  t ime o f  development o f  the  i n i t i a l  i n f e c t i o n  and t h e  magnitude o f  th e  

ac q u i red  r e s is t a n c e  induced.  The r e s u l t s  o f  these experiments a ls o  in d ic a te d
I
t h a t  t h e  p e r s i s t a n c e  o f  t h e  f l u k e s  d e r i v e d  f r o m  t h e  i n i t i a l  i n f e c t i o n  

t h r o u g h  t h e  s u b s e q u e n t  r e i n f e c t i o n  m a y  h a v e  i n c r e a s e d  t h e  d e g r e e  o f  r e s i s t a n c e  

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

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

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

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

t h e  b a s i s  o f  f l u k e  s i z e  a n d  i s  t h e r e f o r e  s o m e w h a t  u n s a t i s f a c t o r y .

T h e  a p p e a r a n c e  o f  a n  ' a c q u i r e d  s e l f - c u r e '  a s  d e f i n e d  b y  R o s s  

( 1966a,  d )  i n  c a l v e s  r e i n f e c t e d  w i t h  F .  h e p a t  i c a  w a s  n o t  d e m o n s t r a t e d  i n  a n y  o f  

t h e  4 g r o u p s  o f  c a l v e s  r e i n f e c t e d  w i t h  F .  h e p a t i c a  i n  t h e  p r e s e n c e  o f  t h e  

i n i t i a l  f l u k e  p o p u l a t i o n .  T h e  l a c k  o f  s u i t a b l e  c o n t r o l s  i n  t h e  e x p e r i m e n t s  

o f  R o s s  ( 1966a ,  d )  a s  d i s c u s s e d  p r e v i o u s l y  m a k e  t h e  e x p e r i m e n t a l  r e s u l t s  

i n v a l i d  a n d  t h e  t e r m  ' a c q u i r e d  s e l f - c u r e '  i f  u s e d  a t  a l l  s h o u l d  b e  u s e d  t o  

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

d e f i n e d  i n  t h i s  t h e s i s .

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  s u c c e s s f u l  d e v e l o p m e n t  o f  a n  a c q u i r e d  

r e s i s t a n c e  t o  F .  h e p a t i c a  i n f e c t i o n s  a n d  t h e  p r e v i o u s  a d m i n i s t r a t i o n  o f  

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

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

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

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

l a b o r a t o r y  a n i m a l  s y s t e m s .  T h e  d e t a i l s  o f  t h e s e  e x p e r i m e n t s  h a v e  a l r e a d y  

b e e n  d i s c u s s e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  p a r t  o f  t h e  t h e s i s .  T h e  r e s u l t s
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f rom th e  experiments descr ibed  in t h i s  p a r t  o f  th e  t h e s i s  would appear to  

support  t h i s  premise w i t h  regards t o  th e  development o f  an acqu ir ed  

r e s is t a n c e  to  F. h e p a t ic a  i n f e c t i o n s  in ca lves  in t h a t  th e  ca lves  r e i n f e c t e d  

b efo re  th e  i n i t i a l  i n f e c t i o n  reached m a t u r i t y  d id  not develop an acqu ired  

r e s is t a n c e  to  F. h e p a t i c a . w h i l e  ca lves  r e i n f e c t e d  a t  longer i n t e r v a l s  a f t e r  

t h e i r  i n i t i a l  i n f e c t i o n  showed in creas in g  r e s is t a n c e  to  r e i n f e c t i o n  w i th  

t h i s  p a r a s i t e .

As has been discussed a t  th e  end o f  th e  p rev io us  se c t io n  o f  t h i s  t h e s i s ,  

the  development o f  t h i s  acq u i red  r e s is t a n c e  in c a t t l e  has severa l  p o s s ib le  

e x p l a n a t io n s .  I t  has been proposed by Boray ( I 9 6 7 , 1969) t h a t  t h i s  

r e s is t a n c e  is p u r e ly  a r e f l e c t i o n  o f  th e  f i b r o s i s  and c h o l a n g i t i s  caused by 

t h e  previous  i n f e c t i o n .  Th is  th eo ry  would then e x p l a in  th e  In creas ing  

r e s is t a n c e  w i th  in c re as in g  d u ra t io n  o f  th e  i n i t i a l  i n f e c t i o n  as being simply  

r e l a t e d  to  in c r e a s in g  f i b r o s i s  and c h o l a n g i t i s  making t h e  environment  

u n s u i t a b le  f o r  the  ma in ta in ance  o f  the  r e i n f e c t i n g  f l u k e  p o p u la t io n .  I t  

would a ls o  e x p la in  th e  ' s e l f - c u r e '  o f  ca lves  w i th  a s i n g l e  i n f e c t i o n  o f  

F. hep a t ica  as being due to  in c re a s in g  c h o l a n g i t i s  and subsequent c a l c i f i c a t i o n  

o f  t h e  b i l e  ducts render ing  th e  b i l e  ducts u n s u i t a b le  f o r  the  feed in g  

a c t i v i t i e s  o f  t h e  f l u k e s .

The p o s s i b i l i t y  t h a t  Immune mechanisms a r e  in vo lved  in t h i s  acqu ired  

r e s is t a n c e  o f  c a t t l e  to  i n f e c t i o n  and r e i n f e c t i o n  w i th  F. hep a t ica  can a ls o  

p ro v id e  p o s s ib le  e x p la n a t io n s  f o r  th e  apparent  dependence o f  the degree o f  

acqu i red  immunity o b ta in ed  to  th e  d u ra t io n  o f  th e  i n i t i a l  i n f e c t i o n .  The 

f i r s t  o f  these  p o s s ib le  e x p la n a t io n s  is t h a t  i f  a system o f  apparent  a n t i g e n i c  

s i m i l a r i t y  o r  r a t h e r  minimal a n t i g e n i c  d i s p a r i t y  occurs between F. h e p a t i c a , 

and c a t t l e  as suggested by Capron gj_. (1968)  s i m i l a r  to  t h a t  descr ibed  f o r  

Sch Î stosoma mansonI and th e  Rhesus monkey (Smithers ^  ^  1969) then i t  may 

simply r e q u i r e  t im e f o r  the immune response induced by a r e l a t i v e l y  small
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number o f  weak an t ig en s  to  reach s u f f i c i e n t  magnitude to  a f f e c t  the  p a r a s i t e .

This  concept o f  a t ime r e l a t e d  response to  weak an t ig e n s  has been in v e s t ig a t e d  

on a h is t o c o m p a t ib 1e skin g r a f t  system and i t  appears t h a t  when a weakly  

h is t o c o m p a t ib Ie  skin g r a f t  is in troduced in to  a r e c i p i e n t  i t  req u i re s  much 

longer to  d es t roy  t h i s  g r a f t  than i t  would one w i t h  a strong h i s t o c o m p a t i b i l i t y  

a n t ig e n .  (McKhann, 1970) .  The second p o s s ib le  e x p la n a t io n  is t h a t  i t  is 

only  a f t e r  a c e r t a i n  p o in t  in th e  p a r a s i t e ' s  development t h a t  one or  more 

s p e c i f i c  a n t ig en s  a re  re lease d  which a re  res po n s ib le  f o r  th e  induct io n  o f  a 

s p e c i f i c  immune response capab le  o f  a f f e c t i n g  t h e  p a r a s i t e  s i m i l a r  to  the  

system p r e v i o u s l y  described  in T r l c h i n e l l a  s p i r a l i s  i n f e c t i o n s  (Despommier 1971)  

The r e s u l t s  o f  th e  experiments descr ibed  in t h i s  p a r t  o f  th e  th e s is  do 

not prov id e  co n c lu s iv e  ev idence  to  support or deny th e  im p l i c a t i o n  o f  s p e c i f i c  

acquired  immune responses in t h e  development o f  an a c q u i r e d  r e s is t a n c e  in 

c a t t l e  to i n f e c t i o n  or  r e i n f e c t i o n  w i th  F. h e p a t ic a .  The d e s c r i p t i o n  o f  the  

' s e l f - c u r e '  o f  c a lves  in f e c t e d  w i th  a s i n g l e  i n f e c t i o n  a s s o c ia te d  w i th  ev idence  

o f  decreas ing  b i o l o g i c a l  a c t i v i t y  o f  the f lu k e s  p r i o r  t o  expuls ion  is however 

remarkably s i m i l a r  in p a t t e r n  though on a much longer t im e  sc a le  t o  the  

immune expu ls ion  o f  N ipp o s t ro ng y 1 us b r a s i l i e n s i s  from in f e c t e d  r a t s .  Thus 

' s e l f - c u r e '  is  more d i f f i c u l t  t o . e x p l a i n  on th e  b as is  o f  p u r e ly  phys ical  

f a c t o r s  s ince  severe c a l c i f i c a t i o n  is not found in th e  b i l e  ducts o f  in f e c t e d  

c a t t l e  t i l l  23 weeks a f t e r  i n f e c t i o n  (Dow, Ross, Todd, 1967 ) .  The f lu k e s  

have been showing reduced b i o l o g i c a l  a c t i v i t y  f o r  4 - 8  weeks b e fo re  t h i s  t ime  

and a la r g e  p r o p o r t io n  o f  th e  f l u k e  popu la t io n  has been e x p e l l e d  p r i o r  t o  

t h i s  p o in t  as shown In th e  second experiment in t h i s  t h e s i s .  As an 

immunological mechanism may t h e r e f o r e  have a p a r t  t o  p lay  in th e  expu ls io n  o f  

the  f lu k e s  from c a lve s  r e c e i v in g  on ly  a s i n g le  i n f e c t i o n  o f  F. hep a t ica  so 

f u r t h e r  i n v e s t i g a t i o n  o f  t h e  immune response o f  th ese  ca lves  was c a r r i e d  

out and w i l l  be descr ibed  in subsequent p a r ts  o f  t h i s  t h e s i s .
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general  summary

An i n v e s t i g a t i o n  in t o  th e  response o f  s u s c e p t i b l e  ca lv es  to  

i n f e c t i o n s  w i t h  F. h ep a t ic a  rev ea le d  t h a t  ca lves  could  a c q u i r e  a r e s is t a n c e  

t o  both pr imary and secondary i n f e c t i o n s  w i th  t h i s  p a r a s i t e .

Calves i n f e c t e d  w i t h  500 or  750 m e t ace rc ar ia e  a cq u i re d  a s i g n i f i c a n t  

r e s is t a n c e  t o  t h e i r  i n f e c t i o n  as was man ifes t  by th e  even tu al  exp uls ion  

o f  the  m a j o r i t y  o f  t h e i r  a cq u i re d  f l u k e  burdens between 20-30 weeks a f t e r  

i n f e c t i o n .  A p er io d  o f  4 - 8  weeks o f  reduced b i o l o g i c a l  a c t i v i t y  o f  the  

p a r a s i t e s  evidenced p r i m a r i l y  by a sharp decrease in egg output  preceded  

t h e i r  expu ls io n  from t h e i r  hosts .

An a cq u i re d  r e s is t a n c e  to  r e i n f e c t i o n  w i th  F, h e p a t ic a  was a ls o  

demonstrated in ca lv es  r e i n f e c t e d  w i th  1,750 o r  1 ,300 m eta c e rc a r ia e  a f t e r  

a pr im ary  i n f e c t i o n  w i th  750 m e ta c e rc a r ia e  o f  F, h e p a t i c a .  The 

development and magnitude o f  t h i s  acqu ired  r e s i s t a n c e  was r e l a t e d  to  th e  degree  

o f  development o f  th e  pr im ary  i n f e c t i o n  p r i o r  t o  r e i n f e c t i o n .  Calves  

r e i n f e c t e d  12 or  16 weeks a f t e r  the  pr imary i n f e c t i o n  developed a 

s i g n i f i c a n t  r e s is t a n c e  t o  t h i s  r e i n f e c t i o n  whereas c a lved  r e i n f e c t e d  7 weeks 

a f t e r ,  t h e i r  i n i t i a l  I n f e c t i o n  d id  not develop a s i g n i f i c a n t  r e s is t a n c e  to  

r e i n f e c t i o n .  The ca lves  r e i n f e c t e d  16 weeks a f t e r  t h e i r  pr imary i n f e c t i o n  

were more r e s i s t a n t  to  r e i n f e c t i o n  than were those c a lves  r e i n f e c t e d  12 

weeks a f t e r  t h e i r  p r im ary  i n f e c t i o n .  This  r e s is t a n c e  to  r e i n f e c t i o n  was 

r e f l e c t e d  in th e  s t a b i l i t y  o f  the haemato loglcal  and biochemical  parameters  

o f  th e  r e i n f e c t e d  ca lves  as compared to  p r e v io u s ly  u n in f e c t e d  c o n t r o l  c a lv e s .
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INTRODUCTION AND REVIEW OF THE LITERATURE

The l i t e r a t u r e  a v a i l a b l e  on the occurrence o f  p r e c i p i t a t i n g  

a n t ib o d ie s  in th e  sera o f  animals  a f f e c t e d  w i th  f a s c i o l i a s i s  is 

not e x t e n s i v e .  I t  is  l a r g e l y  concerned w i th  the d e t e c t i o n  o f  

p r e c i p i t a t i n g  a n t ib o d ie s  in th e  sera o f  animals suspected o f  being  

a f f e c t e d  w i t h  f a s c i o l i a s i s  o r  w i t h  th e  use o f  p r e c i p i t a t i n g  

a n t i b o d i e s  in i n v e s t i g a t i n g  th e  a n t i g e n i c  s t r u c t u r e  o f  the f l u k e  

i t s e l f .

P r e c i p i t a t i n g  a n t ib o d ie s  t o  F. h ep at ica  o r  in one Instance  

F. q iq a n t i c a  have been used to  diagnose i n f e c t i o n  in c a t t l e ,  sheep,  

r a b b i t s  and man.

I c h i h a r a ,  Susumi, Kuramoto (1956)  used a complex a n t ig en  o f  

F. h e p a t ic a  prepared by mixing a p u r i f i e d  p o lys acc h a r id e  and l i p i d  

an t ig en  e x t r a c t e d  from F. h e p a t i c a . This an t ig en  was t e s t e d  aga in s t  

th e  sera o f  301 c a t t l e  using th e  Ouchter lony double d i f f u s i o n  p l a t e  

t ec hn ique .  A l l  the c a t t l e  were found to  co n ta in  F. he p a t ic a  eggs 

in t h e i r  b i l e  or  faeces at  s la u g h t e r  and p r e c i p l t i n s  were d etected  

in a pp ro x im ate ly  90% o f  th e  sera .

Spuh ler ,  Moosbrugger, Meyer (1958)  used an acetone  

p r e c i p i t a t e d  e x t r a c t  o f  F. hep a t ica  again in an Ouchter lony  double  

d i f f u s i o n  p l a t e  t e s t  ag a in s t  the sera o f  87 c a t t l e ,  62 o f  which were  

found a t  s la u g h t e r  to  have l i v e r  damage a t t r i b u t a b l e  t o  in f e c t i o n  

w i th  F. h e p a t i c a . The p r e c i p i t i n  t e s t  gave p o s i t i v e  r e s u l t s  w ith  

the sera o f  63% o f  the  in f e c t e d  c a t t l e .

Capron e t  a l , ( I 968 ) used a s a l i n e  e x t r a c t  o f  F. hep a t ica  in 

an Immunoelectrophoresis a n a l y s i s  developed ag a in s t  sera from in f e c t e d  

c a t t l e .  A maximum o f  fo u r  p r e c i p i t i n  l i n e s  occurred  and these  

p r e c i p l t i n s  occurred  in on ly  55% o f  the in f e c t e d  s e r a .  No d e t a i l s  

were given o f  the c r i t e r i a  used t o  conf irm th e  presence o f  i n f e c t i o n  

in these c a t t l e .
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Gajos ( 1969 ) using e x t r a c t s  or  suspensions o f  a d u l t  

F. h ep a t ic a  d e tec ted  p r e c i p l t i n s  in the  b i l e  o f  c a t t l e  i n f e c t e d  w i th  

F. h e p a t ica  but r a r e l y  de tec ted  p r e c i p l t i n s  in th e  sera o f  th e  same 

c a t t l e .  L i t t l e  d e t a i l e d  experimenta l  evidence  was provided  but i t  

was noted th a t  the g l o b u l i n  f r a c t i o n  o f  th e  b i l e  was concentra ted  

by ammonium su lp h ate  p r e c i p i t a t i o n .  No such c o n c e n t r a t io n  was 

c a r r i e d  out  on th e  serum g l o b u l i n s .

Nansen (1970)  used a s a l i n e  e x t r a c t  o f  a d u l t  F. h e p a t ic a  in 

a double d i f f u s i o n  system a g a in s t  the  sera o f  9 h e i f e r s  w i t h  chronic  

f a s c i o l i a s i s .  Two to  f i v e  p r e c i p l t i n s  were found in each o f  the  

nine sera .

There is ,  t h e r e f o r e ,  a wide v a r i a t i o n  in th e  rep o r ts  o f  the  

percentage d e t e c t io n  o f  p r e c i p l t i n s  in the sera o f  i n f e c t e d  c a t t l e .

Hughes (1963)  i n v e s t ig a t e d  the s e r o lo g ic a l  response o f  sheep 

and r a b b i t s  i n f e c t e d  w i th  F. h e p a t ic a  a ga in s t  v a r io u s  an t igens  o f  

F. h ep a t ica  in c lu d in g  a 4% suspension o f  ground a d u l t  f lu k e s  in 

s a l i n e  and a m e tabo l ic  product an t ig en  der iv ed  from a p h y s io lo g ic a l  

s o l u t i o n  in which l i v i n g  f lu k e s  had been incubated f o r  48 hours a t  

37°C. P r e c i p l t i n s  could f i r s t  be de tec ted  4 weeks a f t e r  i n f e c t i o n  

in r a b b i t s  and 2 weeks a f t e r  i n f e c t i o n  in sheep. A maximum of  

fou r  p r e c i p l t i n s  were formed by both sheep and r a b b i t s  a g a in s t  an 

e x t r a c t  o f  a d u l t  f l u k e s  and t h r e e  o f  these  p r e c i p l t i n s  cou ld  a lso  be 

found in the m e tab o l ic  products  a n t ig e n .

Sewel l  ( 1964 ) i n v e s t i g a t e d  the p r e c i p i t i n  response o f  mice and 

r a b b i t s  i n f e c t e d  w i t h  F. h ep a t ica  and a ls o  o f  2 c a t t l e  in f e c t e d  w i th  

F. q i q a n t i c a . The r a b b i t  a n t i s e r a  f i r s t  reacted  w i t h  a crude s a l i n e  

e x t r a c t  o f  F. hepat ic a  fo u r  weeks a f t e r  in f e c t i o n  and the immune 

response reached a maximum 6 -7  weeks a f t e r .  The sera from in f e c t e d  

c a t t l e  d id  not reac t  w i t h  any p r o t e i n  an t ig en  from e i t h e r  F. hep a t ica
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or F. q i q a n t i c a . Sera from i n f e c t e d  mice gave a f a i n t  

p r e c i p i t i n  r e a c t io n  a g a in s t  p r o t e i n  an t ig ens  on one occasion on ly .

The mice and c a t t l e  se ra ,  however,  developed s trong p r e c i p i t i n  

l i n e s  a t  2-5  weeks a f t e r  i n f e c t i o n  w i th  a n o n - p r o t e in  f r a c t i o n  

i s o l a t e d  from the  m etab o l ic  products  o f  F. q i q a n t i c a . Sewell  ( I 9 6 6 ) 

found p r e c i p l t i n s  in sheep sera fo u r te e n  days a f t e r  I n f e c t i o n  w it h  

F. he p a t ic a  which reac ted  w i t h  a m etabo l ic  product  a n t ig e n  o f  

F. h e p a t i c a .

Capron, R o s e , L u f f a u ,  B ig u et ,  Rose ( I 9 6 5 ) i n v e s t i g a t e d  the  

p r e c i p i t i n  response o f  r a b b i t s  each in f e c t e d  w i th  e i t h e r  10 , 15 or  

60 m e t a c e r c a r ia e  o f  F. h e p a t i c a . The r a b b i t s  which each rece ived  

60 m e ta c e r c a r ia e  had produced d e t e c t a b le  l e v e l s  o f  p r e c i p i t a t i n g  

ant ib ody  fo u r te e n  days a f t e r  i n f e c t i o n  and the maximum number o f  

d e t e c t a b l e  p r e c i p l t i n s  occurred  about 12 weeks a f t e r  i n f e c t i o n .

The r a b b i t s  r e c e i v in g  th e  lower doses o f  m e ta c e r c a r ia e  developed  

d e t e c t a b l e  p r e c i p l t i n s  fo u r  weeks a f t e r  i n f e c t i o n  and these l e v e ls  

aga in  reached a maximum a t  about  12 weeks a f t e r  i n f e c t i o n .  Five  

t o  e i g h t  sep a ra te  p r e c i p l t i n s  were found in the  sera o f  each r a b b i t  

a t  t h i s  t im e .

The use o f  Immunoelectrophoresis in diagnosing i n f e c t i o n s  w i th  

F. h e p a t ic a  in man has been described  by Capron, B ig u e t ,  Vernes (19&7)  

Sera from 180 cases o f  human f a s c i o l i a s i s  were examined and 2-11 

p r e c i p l t i n s  were found in 98% o f  these sera.

I t  would appear from th e  work in to  th e  p r e c i p i t i n  response in 

l a b o r a t o r y  animals  t h a t  p r e c i p l t i n s  appear e a r l y  in th e  course o f  an 

i n f e c t i o n  and reach a peak w i t h i n  6 -1 2  weeks o f  i n f e c t i o n .

The a n t i g e n i c  composit ion  o f  var ious  e x t r a c t s  and homogenates 

o f  F. h e p a t ic a  have a ls o  been repor ted .
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Sewel l  (1964)  found t h a t  r a b b i t s  immunised w i t h  a suspension  

o f  a f r e e z e  d r i e d  p r e p a r a t io n  o f  washed, chopped a d u l t  f l u k e s  produced 

a n t i s e r a  to  38 a n t i g e n i c  components both p r o t e in  and n o n -p ro te in  in 

n atu re .

Korach and Benex (1966a,  b) descr ibed  the i s o l a t i o n  o f  a 

l i p o p r o t e i n  a n t ig e n  o f  F. h e p a t ic a  which gave a s i n g l e  p r e c i p i t i n  

l i n e  w i t h  a n t i s e r a  ra is e d  a g a in s t  i t  in the r a b b i t  and a ls o  gave a 

p r e c i p i t i n  response w i t h  sera from r a b b i ts  i n f e c t e d  w i th  F. h e p a t i c a . 

This  a n t ig e n  was d e r iv e d  from a d u l t  f lu k e s  but could  not be i s o l a t e d  

from b i l e  o f  i n f e c t e d  r a b b i t s .

T a i l l e z  and Korach (1970a,  b ) then descr ibed  th e  i s o l a t i o n  from 

F. h ep a t ica  o f  a genus s p e c i f i c  a n t ig e n  c o n ta in in g  14% n i t r o g e n  and 

2% carbohydra te  but no l i p i d s .  Cross reac t io n s  were observed between 

t h i s  an t ig en  and a n t i s e r a  a g a in s t  F. q iq a n t i c a  but no o t h e r  nematode 

p a r a s i t e .  The an t ig e n  was shown by au torad io graphy  t o  be loca ted  near  

the  c u t i c l e  o f  th e  f l u k e .

Tran Van Ky, V a u c e l l e ,  Capron, Biguet  (1967 )  described  Immuno­

e l e c t r o p h o r e s i s  o f  homogenates from F. h epat ica  and th e  i d e n t i f i c a t i o n  

o f  15 o f  the  r e s u l t a n t  p r e c i p i t i n  l i n e s  as s i t e s  o f  enzyme a c t i v i t y .  

The enzymes i d e n t i f i e d  included  dehydrogenases, ca rb o xy las es ,  

a l k a l i n e  phosphotase,  t r y p s i n  and chymotrypsin.

Capron £ t  aj_. (1968)  undertook an e x te n s iv e  i n v e s t i g a t i o n  in to  

t h e  a n t i g e n i c  composit ion and p r e c i p i t i n  response e l i c i t e d  by many 

p a r a s i t e s  in c lu d in g  F. h ep a t ica  in var ious  hosts.  i t  was found th a t  

a s a l i n e  e x t r a c t  o f  F. h ep a t ica  co nta in ed  25 d i f f e r e n t  an t ige n s  on 

Immunoelectrophoresis a g a in s t  sera from ra b b i ts  v a c c in a te d  w i t h  a 

homogenate o f  F. h e p a t i c a . F. hep a t ica  shared 6 o f  th ese  an t igens  

w i t h  a s i m i l a r  e x t r a c t  o f  D ic ro coe l ium  dendri t icum f i v e  an t ig en s  w i th  

e x t r a c t s  o f  Paragonimus w e s te rm an i . ,  C lonorchis s i n e n s is ,
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Schistosoma mansonî and S. haematobium and fo ur  an t ig en s  w i th  

S. japonicum. One o f  these  25 an t ig en s  was found t o  be s p e c i f i c  

f o r  F. h e p a t ic a  and p r e c i p i t a t i n g  an t ib ody  to  t h i s  a n t ig e n  could  

always be found in th e  serum from any animal i n f e c t e d  w i th  

F. h e p a t i c a .

The number o f  p r e c i p i t a t i n g  a n t ib o d ie s  found in each species  

a f t e r  i n f e c t i o n  w i th  F. h e p a t ic a  was s tud ied  and the  r e s u l t s  a re  as 

shown in the  t a b l e  b e lo w : -

Tab le  9

The Maximum number o f  p r e c i p l t i n s  found in F, h e p a t ic a

i n f e c t i o n s  o f  man and animals  (Capron e t  a l , 1968)

Species Man Rabbit  Hamster C a t t l e  Sheep

P r e c i p l t i n s  11 10 6 4 2

% o f  p o s i t i v e  92 100 100 55 55
sera

I t  was concluded t h a t  t h i s  g rad a t io n  o f  the  p r e c i p i t i n  response 

in these  hosts in d ic a t e d  the  degree o f  adap t ion  o f  the  p a r a s i t e  to  

each host .  F. h e p a t ic a  was considered  to  have developed as a s p e c i f i c  

p a r a s i t e  o f  sheep and perhaps c a t t l e  and only  as an in c i d e n t a l  p a r a s i t e  

o f  th e  remaining spec ies .

F. h e p a t ic a  was found to  have 6 an t ig ens  i d e n t i c a l  w i th  an t ig ens  

present  in bovine l i v e r ,  4  o f  th ese  an t ig en s  were common both to  

F. h ep a t ica  and D. d en d r i t icu m  both considered as pr im ary  p a r a s i t e s  o f  

th e  o v in e  and bovine l i v e r .  On th e  basis  o f  t h i s  apparent  s e l e c t i v i t y  

o f  the  common an t ig en s  found between host and p a r a s i t e  i t  was decided  

t h a t  these an t ig e n s  cou ld  not be due to  chance c o n tam in a t io n  from host  

t i s s u e  ingested  by the  p a r a s i t e s  but were in a c tu a l  f a c t  t r u e  p a r a s i t e  

a n t ig e n s .  i t  was on the bas is  o f  these and s i m i l a r  f i n d i n g s  in 

nematode and cestode p a r a s i t e s  t h a t  Capron et. , proposed the  th eo ry  o f  

' immuno-adoption' discussed in the in t r o d u c t io n  to  the f i r s t  p a r t  o f  

th  i s thes i s .
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Capron e t  a l ,  ( I 9 6 5 , 19&7) discussed t h e  occurrence  o f  

C substance and C r e a c t i v e  p r o t e i n  in the  p r e c i p i t i n  t e s t  f o r  

f a s c i o l i a s i s .  C substance is a p o lysa cch a r ide  f i r s t  i s o l a t e d  

from the  somata o f  th e  bacter ium  Pneumococcus. S ince then i t  has 

been found in v a r io u s  fungi  (Longbottom and Pepys, 1964) and in 

t h e  e x t r a c t s  o f  va r io u s  he lm in th  p a r a s i t e s  (Capron e t  a l ,  1965 ) .

C substance has th e  p r o p e r ty  o f  combining t o  form a p r e c i p i t a t e  

w i t h  C r e a c t i v e  p r o t e in  but  i t  can a ls o  ac t  as a s p e c i f i c  an t ig en  

and induce th e  product ion  o f  s p e c i f i c  an t ib o d y .

C r e a c t i v e  p r o t e i n  is a 7 .555  p r o t e i n  thought to  be composed 

o f  i d e n t i c a l  subunits and has a molecu lar  weight  o f  2 1 ,5 0 0 .  I t  is 

not an immunoglobulin but  m ig ra tes  in th e  B g l o b u l i n  p o s i t i o n  on 

e l e c t r o p h o r e s i s .  T h is  p r o t e i n  is not de tec te d  in normal sera but  

appears very  e a r l y ,  b e fo re  the  appearance o f  s p e c i f i c  a n t i b o d i e s ,  in 

acute  in f lam matory c o n d i t i o n s .  I t  is used as a d ia g n o s t ic  marker in 

medicine f o r  such c o n d i t io n s  as acute  rheumatism and myocardial  

i n f a r c t i o n s .  The combinat ion o f  C substance and C r e a c t i v e  p r o t e in  

is dependent on th e  presence o f  Ca ++ ions (Abernethy and Avery ,  1941)  

The p r e c i p i t a t e  so found is then so lu b le  in s o lu t i o n s  o f  sodium 

c i t r a t e  or  phosphate o f  high io n ic  s t re n g th  a t  pH8 which remove the  

a v a i l a b l e  Ca ++ ions.

Capron e t  a l ,  ( I 9 6 5 ) d e tec ted  a C r e a c t i v e  p r o t e in  in r a b b i t s  

i n f e c t e d  w i t h  F. h e p a t i c a . P r e c i p i t i n  bands were found on double 

d i f f u s i o n  in agar  which were s o lu b le  in a s o lu t i o n  o f  sodium c i t r a t e  

and i t  was concluded t h a t  C substance in th e  e x t r a c t  had reac ted  w i th  

C r e a c t i v e  p r o t e i n  in th e  i n f e c t e d  ra b b i t  sera .  Capron e t  a l ,  then  

proposed t h a t  the  p r e c i p i t a t e s  o bta in ed  by Sewel l  (1964 )  using sera  

from an im a ls  s h o r t l y  a f t e r  i n f e c t i o n  and t h e  non p r o t e i n  f r a c t i o n  o f  

the  a n t ig e n  were probably due to  a rea c t io n  o f  C substance w i th
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c r e a c t i v e  p r o t e i n .

In view o f  th e  wide v a r i a t i o n  in the  percentage o f  in f e c t e d  

c a t t l e  re p or ted  as having p r e c i p l t i n s  to  F. h e p a t ic a  and the  

in fo rm a t io n  a v a i l a b l e  on t h i s  response in o th e r  animals  i t  was 

decided t o  i n v e s t i g a t e  t h e  p r e c i p i t i n  response o f  p a r a s i t e  f r e e  

ca lves  e x p e r i m e n t a l l y  in f e c t e d  w i t h  F. h e p a t i c a . The v a r i a t i o n s  

in th e  prev io us  re po r ts  on the  p r e c i p i t i n  response in c a t t l e  

could be accounted f o r  by th e  f a c t  t h a t  they  a re  based on the  r e s u l t s  

from s i n g l e  serum samples from animals o f  v a ry in g  ages whose ac tua l  

s t a t e  o f  i n f e c t i o n  w i t h  F, h e p a t ic a  was not c l e a r l y  d e f in e d .  The 

p r e c i p i t i n  response in e x p e r i m e n t a l l y  in f e c t e d  ca lve s  was i n v e s t i g a t e d  

w i t h  a view t o  d e f i n i n g  the  p a t t e r n  o f  t h i s  response in c lu d in g  the  

t im e  o f  appearance o f  p r e c i p l t i n s ,  the  an t ig en s  in v o lved ,  the  

p o s s i b i l i t y  o f  C substance r e a c t io n s ,  and i f  p o s s ib le  a t tem pt  some 

q u a n t i t a t i o n  o f  th e  response.
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MATERIALS AND METHODS

Ant Î gens

Four types  o f  f l u k e  a n t ig e n  were used in th e  i n v e s t i g a t i o n  o f  

the p r e c i p i t i n  response in c a t t l e  t o  s i n g l e  i n f e c t i o n s  w i t h  

F. h e p a t i c a . A l l  th e  a n t ig e n s  were from a d u l t  F. hep a t ica  

recovered a l i v e  from th e  b i l e  ducts o f  in f e c t e d  c a t t l e .  The 

an t ig e n s  prepared  were a crude homogenate o f  a d u l t  f l u k e s ,  an 

e x t r a c t  o f  homogenised f l u k e s  in p h o s p h a te -b u f fe re d  s a l i n e ,  a 

m etabo l ic  a n t ig e n  prepared from th e  m etabo l ic  products o f  a d u l t  

f lu k e s  and a l i p i d  f r e e  e x t r a c t  o f  a d u l t  f l u k e s .  The homogenate or  

s a l i n e  e x t r a c t  were prepared from e i t h e r  f r e s h l y  recovered f lu k e s  

or from f lu k e s  which had been f r e e z e  d r ie d  immedia te ly  a f t e r  

re covery .  P r i o r  t o  1y p h o l Î sat ion th e  f lu k e s  were washed once in 

phosphate b u f f e r e d  s a l i n e ,  b l o t t e d  g e n t l y  on Green 904 f i l t e r  paper  

(J ,  Green, Maidstone,  England)  and then snap f rozen  in l i q u i d  

n i t ro g e n  ( - 1 9 6 ^ 0 ) .  The f rozen  f lu k e s  were then t r a n s f e r r e d  to  a 

phosphorus pentox id e  f r e e z e  drye r  (Model 5P .S .  Edwards, Sussex,  

England)  and d r i e d  in vacuo o v e r n i g h t .  The ly p h o l i s e d  f l u k e s  were  

s to re d  under n i t ro g e n  in sealed  b o t t l e s  at  -5 0 °C .  The var ious  

an t ig e n s  were prepared  as f o l l o w s : -

a )  Crude homogenate o f  f l u k e s  was prepared by homogenising

l i v i n g  or  l y p h o l i s e d  f l u k e  in 25 ml.  o f  c o ld  phosphate 

b u f f e r e d  s a l i n e  in an ice bath a t  2-4°C using a 

Si Iverson m i x e r - e m u l s i f 1er (Si Ive rson  Machines L t d . ,  

London).

b) A s a l i n e  e x t r a c t  o f  f lu k e s  (SFE) was prepared  by

c e n t r i f u g i n g  a crude homogenate o f  f l u k e s  a t  in a

M i s t r a l  4L c e n t r i f u g e  (Measuring & S c i e n t i f i c  

Equipment L t d . ,  London, England)  f o r  15 minutes and a
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r e l a t i v e  c e n t r i f u g a l  fo r c e  o f  4 ,0 0 0  g. The 

supernatan t  was decanted and s tored  f o r  immediate  

use a t  4°C o th e rw is e  i t  was s to red  in 1 ml. amounts 

a t  50°C. The f ro z e n  an t ig en  r e t a in e d  most o f  i t s  

a c t i v i t y  from 3 - 4  months under th ese  c o n d i t io n s  but  

t h e r e  was a d e f i n i t e  loss o f  a n t i g e n i c i t y  in a n t ig e n  

kept f o r  up t o  1 y e a r .

c )  A m etab o l ic  products an t ig en  (M .A . )  was prepared  by

m a in t a in in g  a d u l t  f lu k e s  in 250 ml,  o f  a p h y s io lo g i c a l  

s o lu t io n  the c o n s t i t u t i o n  o f  which is shown below,

N a d  -  7 g m s / l i t r e  MgSÔ  ̂ -  .30 g m s / l i t r e

KCl -  .30 g m s / l i t r e  Na2HP0^2H20 -  .50 g m s / l i t r e

CaClg -  .10 g m s / l i t r e  Glucose -  1 g m / l î t r e

The f lu k e s  were m a in ta in ed  in t h i s  s o lu t io n  f o r  8 hours a t  37°C.

Under these  c o n d i t io n s  the  f l u k e s  became m o t i l e ,  some c l im b in g  the  

sides o f  th e  beaker .  A f t e r  8 hours th e  supern atant  was decanted and 

the sediment removed by c e n t r i f u g a t i o n .  The supern atant  was then  

e q u i l i b r a t e d  by d i a l y s i s  a g a in s t  repeated changes o f  phosphate-  

b u f f e r e d  s a l i n e  f o r  24 hours.  The supernatant  was reduced to  a 

f i n a l  volume o f  10 ml , by d i a l y s i s  a g a in s t  p o ly e t h y le n e  g ly co l  

(Carbowax 4 , 0 0 0 ,  Edward Gurr ,  L t d . ,  London) a t  4  C, The m e tabo l ic  

an t ig en  was s tored  under s i m i l a r  co n d i t io n s  t o  t h e  s a l i n e  e x t r a c t  

a n t ig e n .

d) A l i p i d  f r e e  a n t ig e n  was prepared by homogenising

l y p h o l is e d  f lu k e s  in 10 ml. o f  c h i l l e d  anhydrous e t h e r  

in a ca lc ium  c h l o r i d e  ice  bath a t  - 1 5 ° C .  The 

homogenate was then t r a n s f e r r e d  to  p r e -c o o le d  

c e n t r i f u g e  tubes and c e n t r i f u g e d  a t  -20^0 a t  a 

r e l a t i v e  c e n t r i f u g a l  f o r c e  o f  1 ,000 g. The
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supernatant  was then decanted and th e  sediment  

d r ie d  by suc t io n  from a vacuum pump. The d r ie d  

sediment was homogenised w i th  c o ld  phosphate 

b u f f e r e d  s a l i n e  in an ice  bath a t  2 -4 ° C .  The 

homogenate was l e f t  f o r  12 hours a t  4°C and was 

then c e n t r i f u g e d  a t  4°C a t  a r e l a t i v e  c e n t r i f u g a l  

fo r c e  o f  1 ,000 g, f o r  30 minutes.  The superna tant  

was t r a n s f e r r e d  in 1 ml. amounts t o  c h i l l e d  b o t t l e s  

and s to re d  a t  4°C t i l l  used.

The p r o t e i n  conten t  o f  these an t ig ens  was too low to be 

e s t im ate d  using t h e  Bui re t  technique  p r e v io u s ly  d esc r ib ed ,  so th e  

Lowry method was used (Lowry,  Rosenborough, F a r r ,  Randal l  1951) ,

Th is  method is based on a c o lo m e t r ic  change in F o l i n - C i o c a l t e u ' s  

reagent  p r o p o r t io n a l  t o  th e  amount o f  p r o t e i n  o r  more c o r r e c t l y  

th e  amount o f  ty ro se n e  and t ryptophan added. A s tandard graph was 

d e r iv ed  from a s o lu t i o n  o f  know p r o t e i n  c o n c e n t r a t io n  (V e rsa to l  A . ,  

W.R. Warner & Co. L t d . ,  Hampshire,  England) ,  and t h e  r e s u l t s  

expressed in mgs/100 ml.

A n t i  sera to  F. he p a t ic a

a)  Rabbi t  -  a n t i s e r a  t o  t h e  a n t i g e n i c  components in the  crude  

f l u k e  homogenate was ra is e d  in a p a i r  o f  a d u l t  New Zealand White  

r a b b i t s .  The r a b b i t s  were given on 3 occasions a t  monthly i n t e r v a l s  

an in t ram u sc u la r  i n j e c t i o n  c o n ta in in g  1 mg. o f  crude f l u k e  homogenate 

e m u l s i f i e d  in an equal  volume o f  complete Freund's  ad ju van t  (D i fc o  

L a b o r a t o r ie s ,  Michigan ,  U . S . A . ) ,

T h e  r a b b i t s  w e r e  b l e d  o u t  e i g h t  w e e k s  a f t e r  t h e  l a s t  i n j e c t i o n
o

o f  a n t i g e n ,  t h e i r  sera pooled and stored  in 1 ml.  amounts a t  -20 C.

b) Bovine -  The sera used were from 24 c a lv e s  each given  a 

s i n g l e  exper im enta l  I n f e c t i o n  o f  500 m e ta c e rc a r ia e  o f  F, he p a t ic a
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and 8 ca lves  each o f  which re c e iv e d  a s i n g l e  exper im enta l  i n f e c t i o n  

o f  750 m e ta c e r c a r ia e  o f  F. h e p a t i c a .

Immunodif fusion tech niques  ( l / D )

Immunodif fusion was c a r r i e d  out using a combined double 

d i f f u s i o n  system in agar p l a t e s .

The p l a t e s  were made up using d isposable  perspex p e t r i  d ishes  

(Oxoid L t d . ,  London, England)  o f  e i t h e r  5 or  8 .5  cms. diameter  

f i l l e d  t o  an even depth o f  2 mm, w i t h  aga r .  The agar  was made up 

as a 1% s o l u t i o n  o f  Spec ia l  Agar -Noble  (D i fc o  L a b o r a t o r ie s ,  D e t r o i t ,  

U . S . A . )  in 8% s a l i n e  s o l u t io n  w i t h  sodium a z id e  added t o  a f i n a l  

c o n c e n t r a t io n  o f  ,02% as a p r e s e r v a t i v e .  W el ls  were punched w i t h  

a m od i f ied  p i p e t t e  and th e  agar removed by s u c t io n .  P a t te rn s  w i t h  

w e l l s  o f  2 mm. d iameter  and a d is tan ce  o f  6 mm. between w e l l  c en t res  

were commonly used al though a d is tan ce  o f  8 o r  10 mm, between w e l l s  

was used on occas ions.  The w e l l s  were f i l l e d  w i t h  re a c t a n t s  using  

a c a p i l l a r y  tube .  The p l a t e s  were incubated in a hum id i ty  chamber 

a t  room te m p era tu re  t i l l  t h e  p r e c i p i t a t i o n  p a t t e r n  had developed.  

Immunoelectrophoresis ( l / E )

Immunoelectrophoresis was c a r r i e d  out using a m ic r o p la t e  

tech n iq ue  in apparatus designed by Shandon S c i e n t i f i c  Co. L t d . ,  

London, England.

Microscope s l i d e s  (76 x 26 mm.) were used as c a r r i e r s  f o r  the  

agar g e l .  The s l i d e s  were washed in chromic a c i d ,  c a r e f u l l y  r in sed  

in d i s t i l l e d  w a t e r ,  d r i e d  and e i g h t  s l id e s  p laced in th e  s l i d e  t r a y .  

Th is  s l i d e  t r a y  was then p laced  on a p r e v i o u s l y  l e v e l l e d  sur face  

and a t h i n  la y e r  o f  hot 1% agar in .05  g l y c i n e  s o l u t i o n  poured over  

th e  s l i d e s  and a l lo w e d  t o  dry .  The t r a y  was then f i l l e d  w i th  a 

2% agar s o l u t i o n  in b a r b i t o n e - a c e t a t e  b u f f e r  o f  pH 8 .2  and io n ic  

s t r e n g th  o f  . 0 5 .  Sodium a z i d e  was again added to  th e  gel in a f i n a l
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c o n c e n t ra t io n  o f  .02% as a p r e s e r v a t i v e .  The agar  was l e v e l l e d  

w h i l e  s t i l l  hot and th e  p l a t e  a l low ed  to  c o o l .  P a t t e r n s  were cut  

in t h e  agar using a c u t t e r  which gave 2 or3 w e l l s  o f  app ro x im a te ly  

1 mm. d iameter  and one o r  two l a t e r a l  t roughs 60 mm, long by 1.5 mm, 

wide and placed 4 mm. from th e  w e l l s .  The agar  was removed from the  

w e l l s  by suct ion  and the  w e l l s  f i l l e d  using a m i c r o - p i p e t t e .  The 

agar  in t h e  l a t e r a l  t roughs was removed a f t e r  e l e c t r o p h o r e s i s  o f  

the sample. The ta n k  b u f f e r  was a b a r b i t o n e - a c e t a t e  b u f f e r  o f  

pH 8 . 2  and io n ic  s t re n g th  o f  0 . 1 .  E le c t ro p h o r e s is  u s u a l l y  re q u i re d  

90-120  minutes w i t h  a p o t e n t i a l  drop across t h e  s l i d e s  o f  5 v o l ts /c m .  

A f t e r  e le c t r o p h o r e s i s  th e  a p p r o p r i a t e  an t is erum  was added t o  th e  

l a t e r a l  t roughs and the p l a t e  incubated in a h u m id i ty  chamber a t  

room tem pera ture  t i l l  the  p r e c i p i t i n  p a t t e r n  had developed.  The 

s l i d e s  were then washed f o r  24 hours in severa l  changes o f  phosphate-  

b u f f e r e d  s a l i n e  t o  remove excess re ac tan ts  and a l lo w e d  t o  dry out a t  

room tem p era tu re  under f i l t e r  paper to  avo id  c r a c k in g  o f  the  ge ls  

as th ey  d r i e d .

Sta i ns

A f t e r  immunoelectrophoresis the  d r ie d  ge ls  were r o u t i n e l y  

s t a in e d  w i t h  Amido b lac k  or  Ponceau S. which s t a i n  t h e  p r o t e i n  

components o f  th e  l / E  p a t t e r n .

1) Amido b lack  -  t h i s  was made up as a 1% s o lu t i o n  o f

Napthalene Black  lOB (G.T.  Gurr L t d . ,  London) in 5% 

a c e t i c  a c i d .  S l id e s  were s ta in e d  f o r  2 - 4  hours,  washed 

in severa l  changes o f  5% a c e t i c  a c i d  t o  remove excess 

s t a i n ,  washed f i n a l l y  in d i s t i l l e d  w a te r  and a l lowed  

to  dry .

2)  Ponceau S -  a 2% s o l u t io n  o f  Ponceau S ( B .D .H . ,  Poole,

England) in 5% a c e t i c  a c id  was used. The s l i d e s  were
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s t a in e d  f o r  Î hour,  then were washed and d r ie d  as 

b e f o re .

Amido b la c k  was found t o  g i v e  the best  d e f i n i t i o n  o f  the  

p r e c i p i t i n  l i n e s  in the  | / E  p l a t e s .

On occasions s p ec ia l  s t a i n i n g  techniques were employed to  

i n v e s t i g a t e  th e  e x i s t e n c e  o f  l i p i d s ,  l i p o p r o t e i n s  p o ly sacchar id es  

or g ly c o p r o t e in s  in th e  e x t r a c t s  o f  F. hep a t ica  used,

3)  Sudan b la c k  -  a Sudan b la c k  s t a in  was used as a s t a in

f o r  l i p i d s  and l i p o p r o t e i n s  using t h e  technique  

described  by Grabar and Burt in (1 9 6 4 ) .

4)  Pe r io d ic - fo rm a z a n  -  th e  p e r io d ic - fo rm a z a n  r e a c t io n  was

used as th e  b as is  f o r  s t a i n i n g  o f  p o ly sacch ar id es  and 

g l y c o p r o t e in s  because o f  i t s  s p e c i f i c i t y  f o r  a ldehyde  

groupings .  The techn ique  was as de scr ib ed  by Grabar  

and Burt  in ( 1 9 6 4 ) .

C  s u b s t a n c e  a n d  C  r e a c t i v e  p r o t e i n

In the i n v e s t i g a t i o n  o f  th e  e x is t e n c e  o f  C substance and 

C r e a c t i v e  p r o t e in  in th e  p r e c i p i t i n  t e s t  the  f o l l o w i n g  techn iques  

were employed,

a )  The s o l u b i l i t y  o f  p r e c i p i t i n  l i n e s  in 2 M sodium c i t r a t e .  

The p r e c i p i t i n  p a t t e r n s  were noted then the  p l a t e s  were f i l l e d  w i th  

th e  sodium c i t r a t e  s o lu t i o n  and l e f t  f o r  24 hours.  The sodium 

c i t r a t e  s o lu t io n  was then poured o f f ,  the p l a t e s  washed in s a l i n e  

and th e  p r e c i p i t i n  p a t t e r n  re-examined.

b) Development o f  p r e c i p i t i n  l i n e s  a f t e r  double d i f f u s i o n  

in 1% agar  made up in M c l lv a n e y 's  c i t r i c  a c id  b u f f e r  a t  pH 7 . 2 .

c)  P oss ib le  cross r e a c t io n  between bovine sera and a 

commerc ia l l y  produced a n t i  C r e a c t i v e  p r o t e in  sera f o r  use in 

human d iagnosis  (Hoechst Pharm aceut ic a ls ,  B r e n t f o r d ,  Eng land) .
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Q u a n t i t a t i v e  e s t im a t io n

Q u a n t i t a t i o n  o f  the  p r e c i p i t i n  response was a t tem pted  using  

one dimensional  double d i f f u s i o n  system in agar g e l .  A column,

8 ± .02  mm. long, o f  a 8% s o l u t i o n  o f  agar in a .85% s a l i n e  

s o lu t i o n  was formed in the  middle o f  a glass  tube 3 cm, long and 

o f  3 mm. in t e r n a l  d iam ete r ,  A measured amount o f  agar  was 

in troduced in to  each tube using a t u b e r c u l i n  s y r i n g e ,  the  agar  

column ce n te red  w h i l e  s t i l l  f l u i d  and then a l lo w ed  t o  set  on a 

l e v e l  s u r f a c e ,  A s tandard an t ig en  s o lu t io n  and t h e  a p p r o p r ia t e  

a n t i  serum were added t o  th e  o p p o s i te  ends o f  t h e  tube ,  th e  ends 

sealed  w i t h  adhes ive  ta pe  and the  tubes placed in a hum id i ty  

chamber a t  room t e m p era tu re .  A f t e r  120 hours t h e  tubes were  

removed and th e  d is ta n c e  o f  the lead ing  p r e c i p i t i n  band from the  

an t ig en  i n t e r f a c e  and the  t o t a l  length  o f  the gel  were measured 

using a micrometer .  The d is ta n c e  o f  th e  lead in g  p r e c i p i t i n  band 

from th e  a n t ib o d y  i n t e r f a c e  was then c a l c u l a t e d  and expressed as 

a f r a c t i o n  o f  the  t o t a l  length  o f  the  gel column. T h is  f i g u r e  was 

taken as being p r o p o r t io n a l  t o  th e  o r i g i n a l  c o n c e n t r a t io n  o f  

a n t i  body.

The t h e o r e t i c a l  c o n s id e ra t io n s  on which t h i s  conc lus ion  is 

based a re  as f o l l o w s .  I t  has been found e m p i r i c a l l y  t h a t  the  

d is ta n ce  from the  an t ig e n  meniscus to  th e  p o in t  where a p r e c i p i t i n  

band is formed was a l i n e a r  fu n c t io n  o f  the  log a n t ig e n  c o n c e n t ra t io n  

when gel  column lengths  o f  1 cm. length  were used (Poison,  1971) and 

converse ly  th e  d is ta n c e  t o  th e  an t ibody  i n t e r f a c e  must then be a 

fu n c t io n  o f  th e  log a n t ib o d y  c o n c e n t r a t io n .  Th is  can be developed  

from th e  equat ion  c i t e d  below.

I t  has been shown t h a t  th e  c o n c e n t ra t io n  o f  t h e  re a c ta n ts  a t  

th e  p o s i t i o n  o f  the  p r e c i p i t i n  band is given by t h e  eq u a t io n .
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C o g
l o g log

Cg xg X b
( 1 )

Cob Cb I IDgt I IDbt

when the  t o t a l  gel length is  smal l i . e .  under 1.5  cms. (Poison,  1971) .  

In th e  equat io n  t h e  s u b s c r ip ts  g and b r e f e r  t o  a n t ig e n  and 

a n t ib o d y  r e s p e c t i v e l y  and Co = o r i g i n a l  c o n c e n t r a t i o n ,

C “ c o n c e n t r a t io n  a t  th e  p r e c i p i t i n  l i n e ,  X = d is ta n c e  from  

a p p r o p r i a t e  i n t e r f a c e  to  p r e c i p i t i n  band, D = th e  d i f f u s i o n  c o e f f i c i e n t  

In th e  t e s t  system descr ibed  above the  t ime t ,  is co n s ta n t ,  and 

t h e  a n t i g e n / a n t i b o d y  system under study is constan t  t h e  equat ion can 

be wr i t t e n  as

Cog Cg Xg Xb
log

C o b

Cg
log —  + -

C b  C
( 2 )

where Ĉ  and a r e  c o n s ta n ts .

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  o r i g i n a l  c o n c e n t r a t i o n  o f  t h e  

r e a c t a n t s  C o b  a n d  C o g  a n d  t h e i r  c o n c e n t r a t i o n  a f t e r  d i f f u s i o n  t h r o u g h  

a  d i s t a n c e  X  d u r i n g  t i m e  t  i s  g i v e n  b y  t h e  e q u a t i o n .

y
C  ( X , t )  =  C o

where y =

y

1 ” m - y  dy

D t

( 3 )

I t  can be seen t h e r e f o r e  t h a t  a t  any p o in t  th e  c o n c e n t r a t io n  

o f  e i t h e r  re a c ta n t  is dependent on i t s  o r i g i n a l  c o n c e n t r a t i o n ,  t ime  

o f  d i f f u s i o n  and i t s  d i f f u s i o n  c o e f f i c i e n t .  In th e  system under  

discuss ion where Cog, Dg, Db, and t  a re  constant  i t  f o l lo w s  t h a t  

Cg is a l s o  a constant  and t h a t  Cb is dependent on Cob.

Equat ion (2 )  can now be w r i t t e n .

log Cob = 1<2 log Cob + Xg - (4 )
1

when K y  K^, C^, and C^ a re  constants
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Since Cb is d i r e c t l y  r e l a t e d  to  Cob the  o n ly  v a r i a b l e s  in

equat ion (4 )  a re  Cob, Xg and Xb. The r e l a t i o n s h i p  between Xg and

Xb however, can be given as + X^ = 1 when L is the
L L

t o t a l  gel le n g th .  Th is  then a l low s  the  equat ion t o  be s t a t e d  in 

i t s  most s imple form t h a t  t h e r e  is a lo g a r i t h m ic  r e l a t i o n s h i p  

between t h e  o r i g i n a l  c o n c e n t ra t io n  o f  th e  an t ib o d y  (Cob) and the  

d is tan ce  between th e  p r e c i p i t i n  band and the  a n t ib o d y  i n t e r f a c e  (Xb) 

expressed as a f r a c t i o n  o f  the t o t a l  gel length  ( L ) .

Th is  f r a c t i o n  o f  the  t o t a l  gel length was taken as rep res en t in g  

the  lo g a r i th m  o f  th e  i n i t i a l  c o n c en t ra t io n  o f  th e  p r e c i p i t a t i n g  

a n t ib o d y  in th e  serum. The r e s u l t s  were then a r b i t r a r i l y  expressed  

as p r e c i p i t i n  u n i t s  ( P . U . ) . b y  conversion t o  a n t i l o g ^ ^  using  

convent iona l  common lo g a r i th m  t a b l e s .
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RESULTS

1) A n t ig e n i c  s t r u c t u r e  o f  F. hepat ic a

(a )  P r e c i p i t i n  response o f  a r t i f i c i a l l y  immunised r a b b i t s

Immune e l e c t r o p h o r e s i s  o f  a s a l i n e  e x t r a c t  o f  F. h ep at ic a

developed a g a in s t  th e  pooled sera o f  r a b b i t s  immunised w i th  crude  

homogenate o f  F. h ep a t ic a  reve a le d  th e  e x is t e n c e  o f  12 a n t i g e n i c  

components in t h i s  complex a n t i g e n .  The r e s u l t a n t  l / E  p a t t e r n  is 

shown in f i g u r e  11 and the  photograph o f  th e  p a t t e r n  in appendix 2 

p l a t e  1.

Immune e le c t r o p h o r e s i s  o f  the metabol ic  a n t ig e n  o f  F. he p a t ic a  

developed w i t h  th e  same r a b b i t  a n t i s e r a  re v ea le d  th e  ev idence  o f  

6 a n t i g e n i c  components, 4  o f  which had e l e c t r o p h o r e t i c  m o b i l i t é s  

s i m i l a r  to  an t ig e n s  present  in the  s a l i n e  e x t r a c t .  The l / E  p a t t e r n  

o f  t h i s  a n t ig e n  is a ls o  shown in f i g u r e  11 and in appendix 2 p l a t e  1.

(b)  f. '"®cjjPLtiP„resgpn_S£ 2 ^ JL̂ X. e d j : 2 ^ 2

P r e c i p i t a t i n g  an t ib o d y  cou ld  be d e tec ted  in the  sera o f  most

c a t t l e  by fo u r  weeks a f t e r  i n f e c t i o n  w i th  F. h e p a t i c a .  Sera from 

i n f e c t e d  c a t t l e  would develop a s i n g l e  p r e c i p i t i n  l i n e  ag a in s t  

e i t h e r  a s a l i n e  e x t r a c t  o r  th e  m etabo l ic  a n t ig e n  when t e s t e d  in a 

combined double d i f f u s i o n  system in agar p l a t e s .  When i n f e c t e d  

c a t t l e  serum was re ac te d  a g a in s t  both an t ig en s  in a combined 

double d i f f u s i o n  t e s t  t h e  p r e c i p i t i n  l i n e  t o  each a n t ig e n  was found 

t o  fuse w i t h  th e  o t h e r  in a re a c t io n  o f  i d e n t i t y  as shown in p l a t e  2 

in appendix 2. The an t ig en  r e sp o n s ib le  f o r  th e  p r e c i p i t i n  response 

d e t e c t a b l e  in a double d i f f u s i o n  system is t h e r e f o r e  present  in 

both in th e  s a l i n e  e x t r a c t  and th e  metabo l ic  a n t ig e n  o f  F. h e p a t i c a .

The r e l a t i o n s h i p  between an t ig ens  o f  F, h e p a t ic a  and the  

p r e c i p i t i n  response induced in i n f e c t e d  c a t t l e  was f u r t h e r  in v e s t ig a t e d  

using im munoe lectrophorect ic  techn iq ues .  The l / E  p a t t e r n  o f  th e
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1/f: a n a l y s i s  o f  s a l î i i e  e x U ' a c t  ( F . A . )  and m e t a b o l i c  p r o d u c t s  (m /A,  ) o f  

Fr h e p a t i c a d e v e l op e d  a g a i n s t  r a b b i t  a n t i  sera ( A , F \ S , )  and i n f e c t e d  b o v i n e  

s e r a  ( B . S . )
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s a l i n e  e x t r a c t  and metabo l ic  an t igen  as developed by immune 

c a t t l e  sera is shown in f i g u r e  10 and p l a t e  1 appendix 2. I t  can 

be seen t h a t  in t h i s  system the  sera co nta in ed  p r e c i p i t i n s  to  

t h r e e  a n t ig en s  in the  s a l i n e  e x t r a c t  and p r e c i p i t i n s  t o  one 

an t ig en  in th e  m etabo l ic  a n t ig e n  which had a s i m i l a r  e l e c t r o ­

p h o r e c t ic  m o b i l i t y  to  one o f  the  an t ig ens  rev ea le d  in th e  s a l i n e  

e x t r a c t .  In f e c t e d  c a t t l e  t h e r e f o r e  appear to  mount a p r e c i p i t i n  

response to  o n ly  a few o f  th e  a n t i g e n i c  dete rminants  present  in 

t h e  e x t r a c t s  o f  F. h ep at ica  and one o f  these d eterm in ants  is 

present  in a m etabo l ic  a n t ig en  o f  F. h e p a t i c a .

(c )  Chemical composit ion o f  the  an t ig en s  o f  F.. heoat ica 

A f t e r  e l e c t r o p h o r e s i s  in agar the an t ig en s  were s ta in e d  

s p e c i f i c a l l y  to  i d e n t i f y  p r o t e i n s ,  l i p i d s ,  l i p o p r o t e i n s ,  

poly sacchar id es  and g ly c o p r o t e in s .  A l l  the  a n t i g e n i c  components 

s ta in e d  s p e c i f i c a l l y  w i t h  p r o t e i n  s t a in s  but t h e r e  was no 

evidence o f  the  presence o f  any o f  the  o th e r  chemical  groupings  

using these techn iq ues ,

2) The p o s s ib le  occurrence o f  C substance and a C r e a c t i v e  p r o t e i n  

The p o s s i b i l i t y  o f  th e  occurrence o f  C substance in th e  e x t r a c t s  

o f  F. h e p a t ic a  r e a c t i n g  w i th  an acute  phase C r e a c t i v e  p r o t e i n  i f  

t h i s  were present  dur ing th e  e a r l y  weeks a f t e r  i n f e c t i o n  w i th  

F. h e p a t ica  t o  g ive  a p r e c i p i t i n  l i n e  which could  be mistaken f o r  

a s p e c i f i c  response as proposed by Capron el^ (19^5 ,  19&7) was 

i n v e s t i g a t e d  as f o l lo w s :

The p r e c i p i t i n  l i n e s  which were found in a double d i f f u s i o n  system 

ag a in s t  c a t t l e  sera taken from 3 - 8  weeks a f t e r  t h e i r  i n f e c t i o n  were  

t e s t e d  f o r  t h e i r  s o l u b i l i t y  in a s o lu t io n  o f  sodium c i t r a t e  o f  high  

io n ic  s t r e n g t h .  The p r e c i p i t i n  p a t te r n  was u n a l t e r e d  by t h i s  

t re a tm e n t  on every occas ion .  This o b serva t io n  was conf irmed  when
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s i m i l a r  sera were found t o  reac t  w i t h  f l u k e  a n t ig e n s  t o  g ive  a 

d e t e c t a b l e  p r e c i p i t i n  response in a double d i f f u s i o n  system c a r r i e d  

out in agar b u f f e r e d  w i t h  c i t r i c  a c id .  The c i t r i c  a c i d  would bind  

th e  a v a i l a b l e  Ca++ ions and so prevent  the combinat ion o f  

C substance and C r e a c t i v e  p r o t e i n ,  a re a c t io n  dependent on the  

presence o f  f r e e  Ca++ ions.

One f u r t h e r  a t tempt  was made t o  d e f in e  th e  presence o f  a 

C r e a c t i v e  p r o t e i n  In i n f e c t e d  c a t t l e  sera using Immunoelectro­

phoresis o f  c a t t l e  sera developed ag a in s t  a com m erc ia l ly  a v a i l a b l e  

ant i -human C r e a c t i v e  p r o t e i n .  Th is  serum f a i l e d  t o  re ac t  w i t h  

any c a t t l e  sera taken from 3 - 8  weeks a f t e r  i n f e c t i o n  w i t h  

F. h e p a t i c a .

I t  can b'e s t a t e d  t h e r e f o r e  t h a t  w i th  th e  an t ig e n s  and sera  

used in these  experiments t h e  p r e c i p i t i n  response d e te c te d  in 

ca lves  as e a r l y  as 3 weeks a f t e r  t h e i r  i n f e c t i o n  w i t h  F. hep a t ica  

is th e  r e s u l t  o f  a s p e c i f i c  immunological r e a c t io n  and not the  

combinat ion o f  C substance w i t h  an acute  phase C r e a c t i v e  p r o t e i n .

3) The occurrence  o f  p r e c i p i t i n s  in c a t t l e  i n f e c t e d  w i t h
F a s c io la  he p a t ic a

In o r d e r  t o  c h a r a c t e r i s e  th e  p r e c i p i t i n  response o f  c a t t l e  

I n f e c t e d  w i t h  F. h e p a t ic a  serum was taken from ca lves  a t  0 - 4 ,  8,

12, 16, 20 and 24 weeks a f t e r  t h e i r  i n f e c t i o n  w i t h  500 m eta cerc a r iae  

o f  F, h e p a t i c a . These sera were t e s t e d  in a double d i f f u s i o n  system 

in agar  p l a t e s  a g a in s t  a s tandard s o lu t io n  o f  a l i p i d  f r e e  f l u k e  

a n t i g e n .  The p l a t e s  were examined f o r  the  presence o f  p r e c i p i t i n  

l i n e s  a f t e r  24 hours incubat ion  a t  room tem pe ra tu re .  A l l  th e  ca lve s  

were found a t  autopsy t o  be in f e c t e d  w i t h  F. h e p a t i c a . The r e s u l t s  

o f  these p r e c i p i t i n  t e s t s  a r e  summarised in t a b l e  10 and the  

d e t a i l e d  r e s u l t s  a r e  given in t a b l e  1, appendix 2.
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TABLE 10

P r e c i p i t i n  response o f  c a lv es  i n f e c t e d  w i th  500 m e ta c e r c a r ia e  o f
F . h ep at ica

Weeks a f t e r  0 1 2 3 4 8 12 16 20 24
i n f e c t  ion

No. o f  sera
examined 24 24 24 24 24 20 l6  12 8 4

No. o f  sera
found to  c o n ta in  0 0 1 1 8  22 17 8 11 6 4
p r e c i p i t i n s

Percentage o f
sera c o n t a in in g  . 0 , 0  4  75 92 85 50 92 75 100
prec i p i t i n s

P r e c i p i t a t i n g  a n t i b o d i e s  were d e tec ted  in th e  serum o f  one 

c a l f  as e a r l y  as 14 days a f t e r  i n f e c t i o n  w i t h  F. h e p a t ica  and 

p r e c i p i t i n s  had been d e tec ted  in 92% o f  the  sera t e s t e d  fo ur  weeks 

a f t e r  i n f e c t i o n  w i t h  F. h e p a t i c a . P r e c i p i t i n s  were found in 80% 

o f  th e  108 serum samples taken between 3 -24  weeks a f t e r  i n f e c t i o n  

o f  th e  ca lves  w i t h  F. h e p a t i c a . Each c a l f  had d e t e c t a b le  p r e c i p i t i n g  

a n t ib o d ie s  in i t s  serum on a t  l e a s t  one occas ion.

The exper iment  was repeated  using serum samples taken from 

four  ca lv e s  a t  0 - 4 ,  8, 12, 16, 20,  24 and 28 weeks a f t e r  t h e i r  

i n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  F. h e p a t i c a . A l l  th e  ca lves  

were found to  be in f e c t e d  w i t h  F. hep a t ica  a t  au topsy.  The d e t a i l e d  

r e s u l t s  o f  t h i s  experiment a re  shown in t a b l e  2,  appendix 2 and can 

be summarised as f o l l o w s :

P r e c i p i t i n s  were f i r s t  d e tected  in serum samples taken 4 weeks 

a f t e r  i n f e c t i o n  and 82% o f  the  t h i r t y  two samples taken between 

3 - 2 8  weeks a f t e r  i n f e c t i o n  w i t h  F. h ep at ic a  c o n ta in ed  d e t e c t a b l e  

p r e c i p i t i n s .  Each c a l f  had d e t e c t a b le  p r e c i p i t a t i n g  a n t ib o d i e s  in 

i t s  sera on a t  l e a s t  one occasion  a f t e r  i n f e c t i o n .

F u r th e r  I n v e s t i g a t i o n  o f  th e  p r e c i p i t i n  response was c a r r i e d
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out using an im m u no-e le c t rophore t ic  te c h n iq u e .  In t h i s  method 

a s i m i l a r  a n t ig e n  t o  t h a t  used in th e  immuno-djf fus ion t e s t  was,  

a f t e r  e l e c t r o p h o r e s i s  in a g ar ,  reac ted  w i th  sera from ca lves  i n f e c t e d  

w i t h  F. h e p a t i c a . Serum samples were taken a t  weekly  i n t e r v a l s  over  

a 6 month p e r io d  from 4 c a lv es  each in f e c t e d  w i t h  500 m e t ace rc ar iae  

o f  F. h e p a t i c a .  The r e s u l t s  a re  shown in t a b l e  11,

I t  can be seen from t h e  t a b l e  t h a t  using t h i s  techn ique  

p r e c i p i t i n s  were d e tec ted  most c o n s i s t e n t l y  in th e  e a r l y  stages o f  

th e  i n f e c t i o n ,  P r e c i p i t i n s  were de tec ted  in 55% o f  th e  e i g h t y  e i g h t  

samples examined between 3 - 2 4  weeks a f t e r  i n f e c t i o n .  When th e  same 

sera were examined f o r  th e  presence o f  p r e c i p t i n s  using both immuno­

d i f f u s i o n  and im m u no-e lec t rophore t ic  techn iq ues ,  th e  immuno­

d i f f u s i o n  techniq ue  d e tec ted  p r e c i p i t i n s  in 87% o f  t h e  24 samples 

t e s t e d  w h i l e  th e  im m u no-e lec t rophore t ic  techn iq ue  d e tec te d  

p r e c i p i t i n s  in o n ly  58% o f  t h e  24 samples t e s t e d .  On no occasion  

did  the  im m u n o -e lec t ro p h o re t ic  technique  d e te c t  p r e c i p i t i n s  which 

cou ld  not be d e tec ted  using th e  immuno-dif fusion te c h n iq u e .

The p r e c i p i t i n  t e s t  was s p e c i f i c  in t h a t  a p o s i t i v e  re a c t io n  

was never recorded w i t h  sera from u n in fe c ted  c a lv es  and a l l  ca lves  

i n f e c t e d  w i th  F. h e p a t ic a  had d e t e c t a b le  p r e c i p i t i n s  in t h e i r  sera  

at  some p o in t  a f t e r  i n f e c t i o n ,

4 )  Q u a n t i t a t i o n  o f  th e  p r e c i p i t i n  response in ca lv e s  in f e c t e d
F. h e p a t ic a

Q u a n t i t a t i o n  o f  the  p r e c i p i t i n  response o f  c a lves  i n f e c t e d  

w i t h  F. h e p a t ic a  was c a r r i e d  out  on serum samples taken a t  monthly 

i n t e r v a l s  from 12 c a lv e s ,  e i g h t  o f  which were each i n f e c t e d  w i th  

750 m e ta c e rc a r ia e  o f  F. h e p a t ic a  and fo ur  o f  which were each 

i n f e c t e d  w i th  500 m e ta c e r c a r ia e  o f  F. h e p a t i c a . Eleven o f  the  

tw e lve  c a lves  were found t o  be in f e c t e d  w i th  F. h e p a t ic a  a t  

autopsy.  A l l  e i g h t y - f o u r  sera were t e s t e d  a g a in s t  t h e  same
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s t a n d a r d  s o l u t i o n  o f  a  l i p i d  f r e e  f l u k e  a n t i g e n  w h i c h  h a d  a  

p r o t e i n  c o n c e n t r a t i o n  o f  6  m g s / m l .  T h e  i n d i v i d u a l  r e s u l t s  a r e  

g i v e n  i n  t a b l e  3, a p p e n d i x  2.  T h e  m e a n  p r e c i p i t a t i n g  a n t i b o d y  

l e v e l  o f  t h e s e  c a l v e s  a t  m o n t h l y  i n t e r v a l s  i s  s h o w n  i n  t a b l e  1 2 .

TABLE 12

P r e c i p i t i n  l e v e l s  o f  c a lve s  f o l l o w in g  i n f e c t i o n  w i t h  500 m eta cerc a r ia e
o f  F .  h e p a t i c a

Weeks a f t e r  0 4  8 12 l6  20 24 28
i n f e c t i o n

Mean 0 4 . 1 4  4 .7 3  3 .99  3 .6 7  3 . 8 3  4 . 8 7  5 .3 9
p r e c i p i t a t i n g  ± ± ± ± ± ± ±
an t ib o d y  .42  .39  .25 .1 9  .39  .52 .4 4
lev e l  ( P . U . )

No. o f  sera 11 11 11 11 11 11 8 4
examined

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

w h i c h  h a d  r e c e i v e d  a  s i n g l e  e x p e r i m e n t a l  i n f e c t i o n  o f  F .  h e p a t i c a  

t e n d e d  t o  b e  b i p h a s i c  w i t h  l e v e l s  r e a c h i n g  a  p e a k  a t  8  w e e k s  a f t e r  

i n f e c t i o n ,  t h e n  d e c l i n i n g  b e f o r e  r i s i n g  a g a i n  f r o m  l 6  w e e k s  a f t e r  

i n f e c t i o n  o n w a r d s .  T h e  m e a n  p r e c i p i t a t i n g  a n t i b o d y  l e v e l s  o f  t h e  

11 c a l v e s  a t  16 w e e k s  a f t e r  i n f e c t i o n  ( 3 .6 7  ± 1 .9  P . U . )  i s  l o w e r  

t h a n  t h e  l e v e l  a t  8 w e e k s  a f t e r  i n f e c t i o n  ( 4 , 7 3  ± .39  P .U . )  t h o u g h  

t h i s  d i f f e r e n c e  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  o n l y  a t  t h e  2 %  l e v e l .  

H o w e v e r ,  t h e  m e a n  p r e c i p i t i n  l e v e l  o f  t h e  r e m a i n i n g  f o u r  c a l v e s  

28 w e e k s  a f t e r  i n f e c t i o n  ( 5 . 3 9  ± .4 4  P .U . )  i s  s i g n i f i c a n t l y  h i g h e r  

( p  <  . 0 1 )  t h a n  t h e  l e v e l  o f  t h e  1 1  c a l v e s ,  l 6  w e e k s  a f t e r  i n f e c t i o n  

( 3 . 6 7  ± .19  P .U . )

T h e  u s e  o f  a  d o u b l e  d i f f u s i o n  s y s t e m  i n  a  s i n g l e  d i m e n s i o n  a s  

i n  t h e  t u b e  t e c h n i q u e  u s e d  t o  q u a n t i t a t e  t h e  p r e c i p i t i n  r e s p o n s e  

a l s o  r e v e a l e d  s e v e r a l  o t h e r  a s p e c t s  o f  t h e  p r e c i p i t i n  r e s p o n s e .  T h e  

t u b e  t e c h n i q u e  w a s  t h e  m o s t  s e n s i t i v e  o f  a l l  m e t h o d s  u s e d  t o  d e t e c t  

p r e c i p i t i n s  i n  t h e  s e r a  f r o m  i n f e c t e d  c a l v e s ,  P r e c i p i t i n s  w e r e
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d etec ted  în 100% o f  th e  serum samples taken between 1-7 months 

a f t e r  i n f e c t i o n  in c lu d in g  those in which p r e c i p i t i n s  could  not  

be demonstrated by e i t h e r  immuno-dif fusion  in agar p l a t e s  or  

im m u n o -e lec t ro p h o re t ic  techn iq ues .  The tube p r e c i p i t a t i o n  t e s t  

was a ls o  s p e c i f i c  in t h a t  p r e c i p i t i n s  were never d e tec ted  in sera  

from u n in f e c t e d  c a l v e s .  Sera from in f e c t e d  c a lv e s  developed one 

to  t h r e e  p r e c i p i t i n  bands in th e  gel  using t h i s  techn iq ue  

c o n f i rm in g  th e  f i n d i n g  o f  t h e  im m uno-e le c t rophore t ic  tech n iq u e .



1 0 7

D I S C U S S  I O N

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

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

w i t h  F ,  h e p a t i c a ,

P r e c i p i t i n s  were f i r s t  d e tec ted  in t h e  sera o f  ca lves  2 - 4  

weeks a f t e r  t h e i r  i n f e c t i o n  w i t h  F ,  h e p a t ica  and were s t i l l  present  

7 months a f t e r  i n f e c t i o n .  P r e c i p i t i n s  a re  f i r s t  found in the  sera  

o f  i n f e c t e d  c a t t l e  a t  a s i m i l a r  t ime a f t e r  I n f e c t i o n  w i t h  F .  hep at ica  

as they  appear in sheep, r a b b i t s  and mice i n f e c t e d  w i th  F. h e p a t ic a  

(Hughes 1963, Sewel l  1964, 1966, Capron e^  1965)  and in c a t t l e  

i n f e c t e d  w i t h  F .  g i g a n t i c a  a l though o n ly  two sera were s tu d ie d  in 

these  i n f e c t i o n s  (Sewel l  1964) .

The p o s s i b i l i t y  t h a t  these  p r e c i p i t i n  l i n e s  d e tec te d  in th e  

e a r l y  stages o f  th e  i n f e c t i o n  were caused by a r e a c t i o n  o f  

C substance in t h e  f l u k e  e x t r a c t  w i th  an acu te  phase C r e a c t i v e  

p r o t e i n  in t h e  c a t t l e  sera as suggested by Capron e t  a 1 , ( 1 9 6 5 , 1967)  

was considered  but no exper im enta l  ev idence cou ld  be found to  

support  t h i s  hyp o the s is .  These p r e c i p i t i n s  d e tec ted  in th e  e a r l y  

stages o f  th e  i n f e c t i o n  were t h e r e f o r e  due to  a s p e c i f i c  Immune 

response o f  t h e  ca lves  to  t h e i r  i n f e c t i o n  w i th  F, h e p a t i c a .

The q u a n t i t a t i v e  p r e c i p i t i n  response o f  c a lv e s  t o  i n f e c t i o n  

w i t h  F .  h e p a t ic a  appeared to  be b ip h as ic  in n a tu r e  w i th  a peak 

o c c u r r in g  about 8 weeks a f t e r  i n f e c t i o n  a t  a t im e  when t h e  immature 

f l u k e s  a r e  s t i l l  in t h e  l i v e r  parenchyma j u s t  p r i o r  to  t h e i r  e n t r y  

i n t o  t h e  b i l e  ducts.  There was a s l i g h t  but  s i g n i f i c a n t  d e c l i n e  in 

the  p r e c i p i t i n  response between 8-16  weeks a f t e r  i n f e c t i o n  and 

t h e r e a f t e r  t h e r e  was a p ro g re s s iv e  r i s e  in t h e  response over  th e  

p e r io d  when th e  a d u l t  f l u k e s  were known to  be e l i m i n a t e d  from th e
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b i l e  d u c t s .

T h e  p r e c i p i t i n  r e s p o n s e  i n  r a b b i t s  i n f e c t e d  w i t h  F .  h e p a t i c a  

a l s o  a p p e a r s  t o  r e a c h  a  m a x i m u m  b e t w e e n  6 - 1 2  w e e k s  a f t e r  i n f e c t i o n  

( S e w e l l  1964 , C a p r o n  19&5).

T h e r e  w e r e  w i d e  v a r i a t i o n s  i n  t h e  s e n s i t i v i t i e s  o f  t h e  

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

j n f e c t e d  c a t t l e .  T h e  o n e  d i m e n s i o n a l  d o u b l e  d i f f u s i o n  s y s t e m  i n  

t u b e s  a s  u s e d  i n  t h e  q u a n t i t a t i v e  t e c h n i q u e  w a s  t h e  m o s t  s e n s i t i v e  

n n : f e t h o d  u s e d  a n d  i t  d e t e c t e d  p r e c i p i t i n s  i n  1 0 0 %  o f  a l l  s e r u m  s a m p l e s  

t a k e n  f r o m  1-7  m o n t h s  a f t e r  c a l v e s  w e r e  i n f e c t e d  w i t h  F ,  h e p a t i c a  

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

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

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

a p p r o x i m a t e l y  8 0 %  o f  a l l  t h e  s e r u m  s a m p l e s  t a k e n  f r o m  1 - 7  m o n t h s  

a f t e r  i n f e c t i o n .  T h e  i m m u n o e l e c t r o p h o r e t i c  t e c h n i q u e  w a s  t h e  l e a s t  

s e n s i t i v e  o f  t h e  m e t h o d s  u s e d  a n d  d e t e c t e d  p r e c i p i t i n s  i n  o n l y  58% 

o f  s e r u m  s a m p l e s  t a k e n  b e t w e e n  1-6 m o n t h s  a f t e r  i n f e c t i o n .  T h e  

p r e c i p i t i n  r e a c t i o n  w a s  a l w a y s  s p e c i f i c  n o  m a t t e r  w h i c h  o f  t h e  

m e t h o d s  w a s  u s e d  a s  n o  p r e c i p i t i n s  w e r e  e v e r  d e t e c t e d  i n  t h e  s e r a  

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

c a n  b e  r e l a t e d  t o  t h e i r  a b i l i t y  t o  e s t a b l i s h ,  i n  t h e  a g a r  g e l ,  

c o n c e n t r a t i o n  g r a d i e n t s  o f  b o t h  a n t i g e n s  a n d  a n t i b o d i e s  w h i c h  a l l o w  

t h e i r  c o m b i n a t i o n  a t  o r  n e a r  t h e i r  e q u i v a l e n c e  l e v e l s  i n  s u c h  

a m o u n t s  a s  t o  a l l o w  f o r m a t i o n  o f  a  v i s i b l e  p r e c i p i t i n  l i n e ,  e v e n  

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

b e i n g  p r e s e n t  i n  m a r k e d  e x c e s s .  T h e  t u b e  t e c h n i q u e  a l l o w s  t h e  

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

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

e a c h  o t h e r  i n  t h e  g e l  a n d  t h e r e  a r e  n o  l o s s e s  d u e  t o  r a d i a l
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d i f f u s i o n  as occur in th e  p l a t e  tec hn ique .  The f a i l u r e  o f  the  

immuno-d if fusion method in agar p la t e s  and th e  Immuno­

e l e c t r o p h o r e s i s  method to  d e te c t  p r e c i p i t i n s  known t o  be 

present  in t h e  sera o f  i n f e c t e d  c a lves  is t h a t  when one o f  the  

reagents has been present  in marked excess these systems have been 

unable to  reach e q u iv a l e n t  c o n c e n t r a t io n  l e v e l s  w i t h i n  th e  gel w i th  

th e  r e s u l t  t h a t  a n t i g e n / a n t i b o d y  complexes s o l u b le  in th e  excess  

re a c t a n t  have been formed which do not aggregate  t o  form v i s i b l e  

prec I  pi t  in 1 ines.

T h is  l i m i t a t i o n  o f  a combined immuno-dif fusion system in agar  

p l a t e s  may e x p l a i n  th e  wide d i f f e r e n c e s  rep o r ted  in th e  occurrence  

o f  p r e c i p i t i n s  in t h e  sera o f  c a t t l e  in f e c t e d  w i th  F. he p a t ic a  

( I c h i h a r a  £ t  aj_. 1956, Spuhler  ej^ 1958, Gajos 1969, Nansen 1970) .  

I t  is i n t e r e s t i n g  to  note t h a t  the  use o f  a r e l a t i v e l y  simply  

prepared  f l u k e  e x t r a c t  in a combined immuno-dif fusion system in 

these exper iments  d e te c te d  p r e c i p i t i n s  in a p p ro x im a te ly  th e  same 

percentage  o f  sera from i n f e c t e d  c a t t l e  (80-90%) as d id  th e  h i g h l y  

p u r i f i e d  an t ig en s  used in a s i m i l a r  mthod by I c h ih a r a  ^  aj_. ( 1 9 5 6 ) .  

The im m u no -e lec t ro ph o re t ic  method used in these experiments  a ls o  

gave remarkably s i m i l a r  r e s u l t s  to  those p r e v io u s l y  rep o r te d  by 

Capron e t  a_[. (1968)  in t h a t  th e  same techn ique  and a n t ig en s  in 

both se ts  o f  exper iments  d e tec ted  p r e c i p i t i n s  in 55-58% o f  th e  

sera from i n f e c t e d  c a t t l e .

C a t t l e  i n f e c t e d  w i t h  F, hep a t ica  produce d e t e c t a b le  

p r e c i p i t a t i n g  a n t i b o d i e s  to  remarkably few o f  t h e  l a r g e  number o f  

an t ig en s  present  in t h e  h i g h l y  complex a n t i g e n i c  s t r u c t u r e  o f  

F, h e p a t i c a , P r e c i p i t i n s  could  on ly  be d e tec ted  t o  t h r e e  o f  

t h e  12 a n t i g e n i c  components known to  be present  in th e  e x t r a c t  o f  

F. he p a t ic a  and to  o n ly  1 o f  the  6 an t ig ens  known t o  be present  in th e
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m etabo l ic  products  o f  F. h e p a t i c a . Th is  conf irms t h e  rep o r t  o f  

Capron et^ aj_. (1968)  who d e tec ted  p r e c i p i t i n s  in t h e  sera o f  

i n f e c t e d  c a t t l e  to  a maximum o f  4  o f  th e  25 a n t ig e n s  known to  

be present  in a s i m i l a r  e x t r a c t  o f  F. hep a t ica  as was used in 

these exp er im en ts .  Nansen ( 19 70 )  a ls o  found a maximum o f  2 -5  

p r e c i p i t i n s  t o  a s a l i n e  e x t r a c t  o f  F. he pa t ic a  in th e  sera from 

n a t u r a l l y  in f e c t e d  h e i f e r s .  The apparent  l i m i t a t i o n  o f  the  

p r e c i p i t i n  response o f  c a lves  to  i n f e c t i o n  w i th  what is 

undoubtedly an a n t î g e n i c a 1 ly  h i g h l y  complex p a r a s i t e  may in d i c a t e  

t h a t  th e  a n t ig e n s  in th e  f l u k e  e x t r a c t  which s t i m u l a t e  a 

p r e c i p i t i n  response in a r t i f i c i a l l y  Immunised r a b b i t s  a r e  not 

a c c e s s i b l e  t o  th e  c e l l s  r es p o n s ib le  f o r  mounting an immune response 

o r ,  i f  they  a r e ,  they a re  not capab le  o f  inducing a p r e c i p i t i n  

response in these c a lv e s .  I t  is g e n e r a l l y  recognised t h a t  r a b b i t s  

r e a d i l y  produce la r g e  q u a n t i t i e s  o f  p r e c i p i t a t i n g  a n t ib o d i e s  in 

response to  many a n t ig en s  and so a r e  used in th e  commercial  

product io n  o f  many s p e c i f i c  p r e c i p i t a t i n g  a n t i s e r a .  C a t t l e ,  

however, may produce p r o p o r t I n a t e l y  less p r e c i p i t a t i n g  an t ib ody  

in response to  these  a n t ig en s  and produce g r e a t e r  q u a n t i t i e s  o f  

o t h e r  types o f  non p r e c i p i t a t i n g  a n t ib o d ie s  such as r e a g l n ic  

a n t i b o d i e s ,

Fluke a n t ig e n s  would appear to  be r e a d i l y  a c c e s s ib l e  to  the  

r e t i c u l o - e n d o t h e l i a l  system o f  i n f e c t e d  ca lv e s  s in ce  dur ing  the  

f l u k e ' s  d i g e s t i v e  process enzymes a r e  s ecre ted  in to  the  gut  

(Dawes 1962, P a n t e lo u r ls  1965, T h o r s e l 1 and Bjorkman 1965) These 

gut conten ts  a re  l a t e r  r e g u r g i t a t e d  through th e  o r a l  pore in to  the  

area surrounding th e  p a r a s i t e  in the  l i v e r ,  an organ w i t h  a h ig h ly  

organ ised  r e t i c u l o - e n d o t h e l i a 1 system. The tegumental c e l l s  o f  the  

f l u k e  a r e  a ls o  in vo lv ed  in th e  ab so rp t io n  and e x c r e t i o n  o f  m e t a b o l i t e s
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(Bjorkman and T h o r s e l 1 1964, Lee I 9 6 6 ) so r e l e a s in g  f u r t h e r  

an t ig e n s  o u t s id e  th e  p a r a s i t e .  I t  would seem t h e r e f o r e  t h a t  t h e r e  

would be a number o f  p a r a s i t i c  an t ig en s  a v a i l a b l e  to  th e  host and 

t h a t  many o f  these  would be enzymes. In t h i s  co n te x t  i t  is to  be 

remembered t h a t  th e  m a j o r i t y  o f  the  an t ig en s  present  in the  

e x t r a c t  o f  F. hep a t ica  a r e  enzymes (Tran Van Ky e t  a l .  I 9 6 7 ) and 

t h a t  a genus s p e c i f i c  an t ig e n  o f  F. hep a t ica  has been l o c a l i s e d  

by au to rad io graphy  to  the  tegumental  l a y e r  ( T a i l l e z  and Korach 1970 a,  b) 

A genuine f a i l u r e  o f  c a t t l e  i n f e c t e d  w i th  F. h e p a t ic a  to  mount 

an immune response to  th e  p a r t i c u l a r  a n t ig e n s ,  enzymes o r  o therw ise  

a v a i l a b l e  to  t h e i r  lymphoid system would i n d i c a t e  t h a t  th e  p a r a s i t e  

has in some way become adapted t o  i t s  host in an a t tem pt  to  avo id  

s t i m u l a t i n g  an e f f e c t i v e  immune response.  The p o s s i b i l i t y  o f  

p a r a s i t i c  a d a p t a t io n  o f  i t s  a n t i g e n i c  s t r u c t u r e  t o  match i t s  h o s t 's  

in an a t tem pt  t o  avo id  th e  consequences o f  an induced immune 

response has been considered  by va r io u s  au thors  and va r io u s  t h e o r ie s  

have been proposed to  e x p l a i n  the  mechanism by which t h i s  ad a p ta t io n  

takes  p lace  (Dineen 1963, Damian 1964, Capron e t  a l . I 9 6 8 , Smithers  

e ^  aj_. 1969 a ) .  As o f  ye t  however, though the  premise o f  p a r a s i t i c  

a d a p t a t io n  may be g e n e r a l l y  accepted,  no mechanism f o r  t h i s  

a d a p t a t io n  has been s u c c e s s f u l l y  demonstrated.

Since c a t t l e  a re  e v e n t u a l l y  a b le  to  e l i m i n a t e  t h e i r  acq u i red  

f l u k e  burden a t  a t im e  when t h e i r  p r e c i p i t i n  response is showing 

a marked r i s e  i t  may be t h a t  th e  ad a p ta t io n  o f  th e  p a r a s i t e  to  

c a t t l e  is not as complete as i t  is in the  sheep and a n t i b o d i e s  are  

formed t o  enzymes which e v e n t u a l l y  r e s u l t  in th e  e l i m i n a t i o n  o f  the  

p a r a s i t e  in a s i m i l a r  manner t o  t h a t  proposed by Edwards ^  (1971)

f o r  th e  expu ls io n  o f  N. b r a s i 1 ie n s is  from Immune r a t s .  The 

importance o f  even a s i n g l e  fu n c t io n a l  an t ig en  in the  development o f
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a successful  a cq u i re d  immunity has been c l e a r l y  demonstrated by 

Despommier and Wostmann (1970 a,  b) in T, s p i r a l i s  i n f e c t i o n s  in 

mice. The a p p a r e n t l y  l i m i t e d  p r e c i p i t i n  response o f  c a t t l e  to  

i n f e c t i o n  w i t h  F, h e p a t i c a , may t h e r e f o r e  s t i l l  have an important  

p a r t  to  p lay  in th e  eventual  e l i m i n a t i o n  o f  th e  p a r a s i t e  and th e  

subsequent r e s is t a n c e  to r e i n f e c t i o n  w i th  t h i s  p a r a s i t e .

As an in c i d e n t a l  f i n d i n g  o f  these exper iments  concerning the  

p r e c i p i t i n  response o f  c a t t l e  to  I n f e c t io n s  w i th  F. h e p a t ic a  is  

t h a t  p r e c i p i t i n s  can be d e tec ted  in th e  sera o f  p r e v i o u s l y  u n in f e c t e d  

c a t t l e  w i t h i n  1 months a f t e r  i n f e c t i o n  a l lo w in g  c o n f i r m a t io n  o f  

i n f e c t i o n  a t  l e a s t  2 months b e fo re  i t  becomes p a t e n t .  Th is  t e s t  

may be usefu l  in co n f i rm in g  exper imenta l  i n f e c t i o n s  o f  p r e v io u s ly  

u n in f e c t e d  c a t t l e .  I t  may a ls o  have a l i m i t e d  a p p l i c a t i o n  in th e  

f i e l d  s in ce  using i t  w i l l  d e te c t  the  presence o f  i n f e c t i o n  in 

s u s c e p t ib le  young c a t t l e  8 weeks b e fo re  i t  would be d e te c ted  using  

convent io na l  faeces egg count ing  techniques  and so a l l o w  e a r l i e r  

t rea tm en t  o f  the  i n f e c t i o n  w i th  one o f  th e  newer a n t h e l m i n t i c s  

e f f e c t i v e  a g a in s t  immature f l u k e s .
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SUMMARY

P r e c i p i t a t i n g  a n t i b o d i e s  to  an t igens  presen t  in a s a l i n e  

e x t r a c t  o f  a d u l t  F, h e p a t ic a  cou ld  f i r s t  be d e te c ted  in the sera 

o f  ca lves  2 - 4  weeks a f t e r  a p r im ary  i n f e c t i o n  w i t h  500 or  750 

m e ta c e r c a r ia e  o f  F, h e p a t ic a  and were s t i l l  d e t e c t a b le  28 weeks 

a f t e r  i n f e c t i o n .  Q u a n t i t a t i o n  o f  t h i s  p r e c i p i t i n  response using  

a one dimensional  double d i f f u s i o n  tech nique reve a le d  t h a t  th e  

l eve l  o f  p r e c i p i t a t i n g  a n t ib o d i e s  to  F. he p a t ic a  rose from 4 - 8  

weeks a f t e r  i n f e c t i o n  then d e c l in e d  s l i g h t l y  b e fo r e  r i s i n g  again  

from 16 -28 weeks a f t e r  i n f e c t i o n .  This l a t t e r  r i s e  in th e  le v e l  

o f  p r e c i p i t a t i n g  a n t ib o d i e s  c o in c id ed  w i th  the p e r io d  o f  

expu ls io n  o f  the  a d u l t  p a r a s i t e s  from the  b i l e  ducts o f  t h e i r  

hosts.

The technique  o f  double d i f f u s i o n  in a s i n g l e  dimension in 

tubes was th e  most successful  o f  the t h r e e  methods used to  d e tec t  

p r e c i p i t i n s  in th e  sera o f  i n f e c t e d  c a lv e s .  Th is  techn iq ue  

d e tec te d  p r e c i p i t i n s  in a l l  o f  th e  samples examined between 4 - 2 8  

weeks a f t e r  i n f e c t i o n  in c lu d in g  those in which p r e c i p i t i n s  were 

not d e te c te d  by o t h e r  techn iq ues .  Two o th e r  tech n iq u es ,  a combined 

double d i f f u s i o n  system on p l a t e s  and an im munoelec trophoret ic  

system were a lso  used but on ly  de tec ted  p r e c i p i t i n s  in 80% and 

58% r e s p e c t i v e l y  o f  th e  samples examined between 4 - 2 8  weeks a f t e r  

i n f e c t  i o n .

P r e c i p i t i n s  t o  on ly  3 o f  the  12 a n t i g e n i c  components known to  

be present  in the s a l i n e  e x t r a c t  o f  a d u l t  F. h e p a t ic a  and to  on ly  

1 o f  th e  6 an t ig en s  known t o  be present  in th e  m etab o l ic  products  

o f  F. h e p a t ic a  were produced by these c a lves  in response t o  t h e i r  

i n f e c t i o n  w i t h  t h i s  p a r a s i t e .



PART 3

HYPERSENSITIVITY REACTIONS INDUCED BY INFECTION 

OF SUSCEPTIBLE CALVES WITH F. HEPATICA



INTRODUCTION AND REVIEW OF THE LITERATURE

This  p a r t  o f  th e  t h e s i s  Is concerned w i th  th e  i n v e s t i g a t i o n  

o f  h y p e r s e n s i t i v i t y  r e a c t io n s ,  t h e i r  appearance and fu n c t io n  in 

c a t t l e  I n f e c t e d  w i t h  F. h e p a t i c a .

H y p e r s e n s i t i v i t y  re a c t io n s  in man and an imals have been 

c l a s s i f i e d  in t o  fo u r  types (Pepys I 9 6 3 , Turher -W arwick 1969) and 

these  can b r i e f l y  be described  as f o l l o w s .

Type or  ' immedia te h y p e r s e n s i t i v i t y '  is d e f in e d  as a re a c t io n  

i n i t i a t e d  by the a l l e r g e n  r e a c t in g  w i th  t i s s u e  c e l l s  t h a t  have 

a l r e a d y  been p a s s iv e l y  s e n s i t i s e d  by a n t ib o d y ,  or  r e a g in ,  produced 

elsewhere  in th e  body lead in g  t o  the re le a s e  o f  p h arm a c o lo g ic a l ly  

a c t i v e  substances such as h is ta m in e .  The intraderma 1 i n j e c t i o n  o f  

minute q u a n t i t i e s  o f  a n t ig e n  in a s e n s i t i s e d  animal  r e s u l t s  in th e  

appearance o f  an u r t i c a r i a l  weal and erythematous f l a r e  which reaches  

a maximum s i z e  10-20 minutes l a t e r  and has reso lv ed  w i t h i n  1% -  2 hours.

Type JJ[_ r e a c t io n s  a r e  those in which th e  a n t ib o d y  reac ts  w i th  

an an t ig en  present  on or  a t t a c h e d  to c e l l  sur faces  as occurs f o r  

example in mismatched blood t r a n s f u s io n s .

Type I I I re a c t io n s  or  "Arthus type"  re a c t io n s  a r e  i n i t i a t e d  by 

an t ig e n  r e a c t i n g  w i t h  an t ib od y  and complement in t h e  t i s s u e  spaces.

The r e s u l t i n g  m i c r o p r e c i p i t a t e s  a f t e r  in gest io n  by phagocyte c e l l s  

l i b e r a t e  lysosomes causing damage to  c e l l s  and blood v e s s e ls .  I n t r a -  

dermal i n j e c t i o n  o f  an t ig e n  aga in  r e s u l t s  in an erythematous s w e l l in g  

but th e  r e a c t io n  develops s lo w ly  and appears some hours a f t e r  i n j e c t i o n  

of  a n t ig e n .

Type re a c t io n s  in vo lv e  the  re ac t io n  between an t ig en  and 

s e n s i t i s e d  c e l l s ,  and is g e n e r a l l y  termed 'd e lay ed  type h y p e r s e n s i t i v i t y '

s in ce  a re a c t io n  to  in t raderm al  i n j e c t i o n  o f  a n t ig e n  does not reach 

maximum s i z e  t i l l  48 -72  hours l a t e r .  I t  can be seen t h a t  Type and
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and Type \\J_ rea c t io n s  correspond to Modes C and D o f  th e  c l a s s i ­

f i c a t i o n  o f  a l l e r g i c  re a c t io n s  as de f in ed  by Coombs ( I 9 6 8 ) and 

d e t a i l e d  in the  in t r o d u c t io n  to  t h i s  t h e s i s .

The demonstrat ion  o f  skin h y p e r s e n s i t i v i t y  in c a t t l e ,  sheep,  

carabaos and man has been used on several  occasions as a d ia g n o s t ic  

t e s t  f o r  f a s c i o l i a s i s .

Sobiech (1951)  descr ibed  the use o f  the in t raderm al  t e s t  f o r  

F. hepat ic a  i n j e c t i o n s  in c a t t l e  and recorded a 61% c o r r e l a t i o n  

between p o s i t i v e  skin t e s t s  and F. h epat ica  i n f e c t i o n s .

Gonzalez ,  R ivera Anaya, De Jesus (1951)  rep o r ted  the  use o f  

a s a l i n e  e x t r a c t  o f  d r ie d  F. he pa t ic a  to t e s t  f o r  F. hepat ic a  

i n f e c t i o n s  in 40 c a t t l e .  A l l  30 c a t t l e  which were Judged t o  be 

i n f e c t e d  by th e  f i n d i n g  o f  F. h ep at ic a  eggs in t h e i r  faeces gave 

a p o s i t i v e  skin t e s t .  The skin re a c t io n  r e s u l t e d  in an erythematous  

weal reaching a maximum s i z e  15-20 mm. in d iameter  w i t h i n  30 minutes  

o f  th e  a n t ig e n  r e a c t i o n .  The n o n - i n f e c t e d  c a t t l e  o n ly  gave small  

skin r e a c t io n s  4 - 5  mm. in d ia m eter ,

Soulsby ( 1954 ) a lso  used a s a l i n e  e x t r a c t  o f  d r i e d  F, h epat ica  

in an in tr aderm al  t e s t  on 212 c a t t l e  j u s t  p r i o r  t o  s la u g h t e r .  N in e ty  

per cent o f  c a t t l e  found a t  s la u g h t e r  to have ev idence  o f  F. hepat ica  

i n f e c t i o n s  were judged to  have shown a p o s i t i v e  skin t e s t  as d e f ined  

by an in crease  in skin th ic kness  o f  6 mm. or  more. The sk in  re ac t io n  

was descr ibed  as reaching a maximum s i z e  4 hours a f t e r  i n j e c t i o n  o f  

the  a n t ig e n .  S ix teen  per cent  o f  c a t t l e  not found to  be in f e c t e d  

w i th  F. hep a t ica  a t  s la u g h te r  a l l  gave skin re a c t io n s  o f  6 mm, or  

g r e a t e r .  Passive t r a n s f e r  o f  h y p e r s e n s i t i v i t y  cou ld  on ly  be 

demonstrated w i t h  2 out  o f  16 serum samples taken from c a t t l e  which 

had given a p o s i t i v e  skin t e s t  p r i o r  to  s la u g h t e r .

Favat i  and D e l la  Croce ( I 9 6 5 ) used a l i p i d  f r e e  e x t r a c t  o f
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F. h ep at ica  in s a l i n e  as th e  a n t ig e n  in an in t rad erm al  t e s t  in 55 

c a t t l e  p r i o r  to  s la u g h t e r .  The t e s t  was re por ted  to  be 100% 

ac c u r a te  in diagnosing i n f e c t i o n  w i t h  F. hepat ica  a lo ne  or  combined 

w i th  D icrocoe l iu m  d e n d r i t i c u m . A p o s i t i v e  skin t e s t  was taken to  

be the  appearance o f  an erthymatous indura ted  s w e l l in g  at  the  

i n j e c t i o n  s i t e  which reached a maximum s i z e  w i t h i n  30 minutes a f t e r  

th e  i n j e c t i o n  o f  a n t ig e n .

F r i c k  ( 1968 ) using a f i l t e r e d  e x t r a c t  o f  F. h e p a t ic a  homogenised 

in Coca's s o lu t io n  (NaCl .85%, NaHCO^ .275%, Thiomersal  .02%) found 

th e  in t radermal  t e s t  gave a p o s i t i v e  re a c t io n  in 67% o f  c a t t l e  

subsequently found t o  be i n f e c t e d  w i t h  F. h e p a t i c a .

P a tn a ik  and Das (1961)  used a s a l i n e  e x t r a c t  o f  d r ie d  

F. q i q a n t i c a  in the  in t raderm al  t e s t  o f  40 c a t t l e  p r i o r  to  s la u g h te r  

and a l l  21 c a t t l e  found to  be i n f e c t e d  a t  s la u g h t e r  gave a p o s i t i v e  

skin t e s t  as judged by th e  appearance o f  an in d ura ted  weal w i t h i n  

18-31 minutes o f  th e  an t ig en  i n j e c t i o n  and whether reso lved  w i t h i n  

5 9 -86  minutes a f t e r  th e  i n j e c t i o n .

Abdou, El S h e r i f ,  El Sawi (1966)  used a s i m i l a r  e x t r a c t  o f  

F. q iq a n t i c a  in th e  in t raderm al  d iagnosis o f  F. q i q a n t i c a  i n f e c t i o n s  

in sheep. N i n e t y - f o u r  per  cent  o f  th e  sheep passing F. q i q a n t i c a  

eggs in t h e i r  faeces gave p o s i t i v e  skin tests as judged  by the  

appearance o f  a weal w i t h i n  30 minutes o f  the  a n t ig e n  i n j e c t i o n .  No 

read ing  was observed in sheep not passing F. q i q a n t i c a  eggs in t h e i r  

faeces .

Topacio and M a r t in  (1963)  used a s a l i n e  e x t r a c t  o f  d r ie d  

F. h ep a t ic a  in t h e  in t raderm al  t e s t  o f  150 carabaos p r i o r  to  s la u g h te r  

and a l l  86 carabaos found to  be in f e c t e d  a t  s la u g h t e r  gave a p o s i t i v e  

re a c t io n  as judged by th e  appearance o f  an in d u ra ted  weal 26 -63 mm. 

in d iam eter  between 9 - 2 4  minutes a f t e r  an t ig e n  i n j e c t i o n s  and t h i s
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reso lved  w i t h i n  46 -129  mins. o f  th e  i n j e c t i o n .

P a u t r i z e l ,  B a i le n g e r ,  Dure t ,  T r ib o u le y  (1962a)  used a l i p i d  

f r e e  s a l i n e  e x t r a c t  o f  F. h e p a t ic a  in th e  in traderm al  d iagnosis  o f  

F. h ep at ica  i n f e c t i o n s  in humans. A t o t a l  o f  50 ug o f  an t ig en  

p r o t e in  was i n j e c t e d  and the  s i z e  o f  the subsequent weal measured 

15 minutes l a t e r .  The t e s t  was p o s i t i v e  in 58% o f  females and 69% 

o f  males subsequent ly found to  be in f e c t e d  w i t h  F. h e p a t i c a .

The r e s u l t s  o f  a l l  these  experiments w i th  t h e  except ion  o f  

those o f  Soulsby (1954)  would appear to  in d i c a t e  t h a t  animals and 

man in f e c t e d  w i t h  e i t h e r  o f  th e  F asc io la  spps. develop a t  some 

p o in t  a Type J[ or  immediate h y p e r s e n s i t i v i t y  to  a n t ig e n s  in these  

p a r a s i t e s  as in t raderm al  i n j e c t i o n  o f  these a n t ig e n s  r e s u l t s  in an 

indura ted  weal reaching maximum s i z e  w i t h i n  30 minutes o f  th e  an t ig en  

i n j e c t i o n .  The r e s u l t s  o f  Soulsby (1954) would however appear to  

d escr ib e  the occurrence  of  a Type j I  I or  Arthus ty pe  re a c t io n  since  

th e  in t raderm al  re a c t io n  d id  not reach a maximum t i l l  4 hours a f t e r  

i n j e c t i o n  o f  th e  a n t ig e n .

I t  would appear t h e r e f o r e  t h a t  c a t t l e  in f e c t e d  w i t h  F. hepat ic a  

produce r e a g i n - l i k e  a n t ib o d ie s  which mediate a Type J_ or  immediate 

t ype  h y p e r s e n s i t i v i t y  re a c t io n  f o l l o w in g  in traderm al  i n j e c t i o n  o f  the  

a p p r o p r ia t e  a n t ig e n  in s e n s i t i s e d  c a t t l e .  The r e s u l t s  o f  these  

experiments however do not a l l o w  any conclusions to  be drawn as to  

th e  r e l a t i o n s h i p  between th e  stages o f  i n f e c t i o n  o f  c a t t l e  w i th  

F. hep a t ica  and th e  presence o f  r e a g i n - l i k e  a n t i b o d ie s  since  the  

c r i t e r i a  f o r  e s t a b l i s h i n g  th e  presence or absence o f  F. hepat ica  

i n f e c t i o n s  in these  c a t t l e  d id  not r e l a t e  to  th e  degree or  stage  o f  

development o f  any i n f e c t i o n  p re s e n t .

T h e  a n t i g e n i c  c o m p o n e n t s  i n  h o m o g e n a t e s  o f  F .  h e p a t i c a  

r e s p o n s i b l e  f o r  t h e  i n d u c t i o n  o f  a  T y p e  j _  r e s p o n s e  h a v e  b e e n
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s t u d i e d  b y  K e l l a w y  ( 1 9 2 8 ) ,  M a e k a w a ,  K i t z a w a ,  K u s h i b e  1954,

Maekawa and Kushibe 1956, 1961a,  b, 1964, One and Watanabe (1 954 ) ,

K e l l a w a y  (1928)  f o u n d  2 a n t i g e n i c  s u b s t a n c e s  a r e  p r e s e n t  i n  

e x t r a c t s  o f  f l u k e s ,  o n e  s o l u b l e  i n  s a l i n e  w h i c h  w a s  c a p a b l e  o f  

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

t h e  o t h e r  s o l u b l e  i n  a b s o l u t e  a l c o h o l  w h i c h  c o u l d  s e n s i t i s e  b u t  

n o t  d i s c h a r g e  g u i n e a  p i g  u t e r u s .

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

( M a e k a w a  £ t  a j _  1954, M a e k a w a  a n d  K u s h i b e  1956, 1961a, b ,  1964)  

i s o l a t e d  a n d  i d e n t i f i e d  3 a l l e r g e n s  p r e s e n t  i n  e x t r a c t s  o f  F . h e p a t i c a  

T h e  f i r s t  a n t i g e n  w a s  p r o t e i n  i n  n a t u r e ,  t h e  s e c o n d  a n d  t h i r d  w e r e  

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

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

i n t r a d e r m a l  t e s t  i n  c a t t l e  i n f e c t e d  w i t h  F .  h e p a t i c a .

Ono and Watanabe (1956)  i s o l a t e d  a s p e c i f i c  p o ly s a c c h a r id e  

which was a ls o  rep o r te d  t o  be a c t i v e  in th e  in t raderm al  t e s t  f o r  

F .  h ep a t ica  i n f e c t i o n s  in c a t t l e .

I t  w o u l d  s e e m  t h e r e f o r e  t h a t  t h e r e  i s  a  n u m b e r  o f  a n t i g e n s  o f  

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

e l i c i t i n g  a  T y p e  j _  r e s p o n s e  i n  a n i m a l s  i n f e c t e d  w i t h  F .  h e p a t i c a .

The mechanisms invo lved  in the  induct ion  and express ion  o f  

Type responses in man and an imals have been th e  s u b je c t  o f  

i n t e n s iv e  study and as a r e s u l t  some o f  the  processes in t h i s  

r e a c t io n  have r e c e n t l y  been e lu c i d a t e d .  The mechanisms o f  immediate  

a l l e r g i c  r e a c t io n s  have been reviewed (Osier  1971, Stanworth 1 9 7 0  

and the  sequence o f  events le a d in g  to  the  a l l e r g i c  re l e a s e  o f  

v a s o a c t iv e  compounds can be summarised as having 4 stages .  The 

f i r s t  invo lves  th e  f i x a t i o n  o f  b i v a l e n t  immunoglobulins t o  a meta-  

b o l i c a l l y  a c t i v e  t a r g e t  c e l l .  The second is t h e  in duct ion  o f  a
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conform at iona l  change, probably in th e  hinge region o f  th e  c e l l  

bound immunoglobul in,  f o l lo w in g  i t s  i n t e r a c t i o n  w i t h  m u l t i v a l e n t  

a n t ig e n .  The t h i r d  is the  a c t i v a t i o n  o f  one or  more temperature  

s e n s i t i v e ,  energy r e q u i r in g  enzymatic system(s)  as a consequence o f  the  

confo rm at iona l  change. The fo u r t h  and f i n a l  stage is th e  enhancement  

o f  a s e c r e t o r y  response lead ing  t o  the  r e le a s e  o f  v a s o a c t iv e  amines.

The m e t a b o l i c a 1ly  a c t i v e  c e l l s  involved  in t h i s  re a c t io n  a r e  in most 

cases mast c e l l s  or  basophi l  I s .

The a n t i b o d i e s  invo lved  in t h i s  re a c t io n  can be d iv id e d  in to  

2 types (Sadun, Duxbury, Gore, S tec h sch u l te  19&7),  There a re  those  

which belong to  the IgG c las s  o f  immunoglobulins and a r e  both heat  

s t a b l e  and i n s e n s i t i v e  to  reduct io n  w i t h  mercaptoethanol  but can be 

de tec te d  by pass iv e  cutaneous a n a p h y l y l a c t i c  re a c t io n s  f o r  on ly  four  

hours a f t e r  pass ive  t r a n s f e r .  The second and most important  type  o f  

a n t i b o d i e s  a r e  those which a r e  both heat  l a b i l e ,  s e n s i t i v e  to  

reduct ion  w i t h  mercaptoethanol  and p e r s i s t  f o r  long periods  as 

detec ted  by homologous pass ive  cutaneous a n a p h y la c t ic  re ac t io n s  

f o l l o w i n g  pass iv e  t r a n s f e r .  In man the l a t t e r  type  o f  an t ib o d y  has now 

been i s o l a t e d  and demonstrated to  belong to a new c la s s  o f  immuno­

g lo b u l i n s  which possess s p e c i f i c  heavy chain a n t i g e n i c  determinants  

( I s h i z a k a ,  I s h i z a k a ,  Hornbrook 1966, Johansson 1968)  which has been 

des ignated  IgE (Bennich ^ £ 1 .  1968) .  This a n t ib ody  is on ly  found in 

very small amounts (100 -200  n g s /m l . )  in the  serum o f  normal people  

but in a t o p i c  i n d i v i d u a l s  who e x h i b i t  severe Type J_ h y p e r s e n s i t i v e  

re a c t io n s  to  va r io u s  an t ig en s  t h e  serum IgE le ve l  may be 30-60 t imes  

as high as those o f  normal i n d i v i d u a l s .  The b in d in g  o f  th e  IgE 

molecule to  the  su r fa c e  o f  mast c e l l s  is dependent on th e  c o n f i r m a t i o n a 1 

i n t e g r i t y  o f  the  Fc. p a r t  o f  the immunoglobulin molecule and f a c t o r s  

a l t e r i n g  t h i s  i n t e g r i t y  dest roy th e  b i o l o g i c a l  a c t i v i t y  o f  th e
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molecule .  M i l d  h ea t in g  is  s u f f i c i e n t  to  a l t e r  th e  c o n f i r m a t io n  o f  

the  molecule as is th e  reduct ion  c leavage  o f  the  a c c e s s ib l e  

d is u lp h i d e  bonds in the  molecule by mercapatonethanol so g iv in g  

t h e  IgE molecule i t s  c h a r a c t e r i s t i c  heat  and mercaptan s e n s i t i v i t y  

(S tanw or th ,  Housley,  Bennich, Johansson 1970) .

Skin s e n s i t i s i n g  a n t ib o d ie s  capable o f  e l i c i t i n g  a Type J_ 

re a c t io n  24 -72  hours a f t e r  pass ive  t r a n s f e r  to  a homologous r e c i p i e n t  

have been produced in c a t t l e  by v a c c in a t io n  w i t h  c e r t a i n  a n t ig e n s ,  

ovalbumin, horse serum, ragweed p o l le n  and f e r r i t i n  (Dungworth I 9 6 5 , 

P ierce  19&7, Weil and Reddin 1943, Wel ls  and Eyre 1970) and they  

a ls o  occur in n a t u r a l l y  o cc u r r in g  m i lk  a l l e r g y  in c a t t l e  (Campbell 1970)  

These a n t ib o d ie s  would appear t o  be heat l a b i l e  in t h a t  h ea t ing  f o r  

30 minutes a t  56°C d imin ishes  the  a c t i v i t y  o f  these sera and 

he a t in g  f o r  2 - 4  hours co m ple te ly  abo l ishes  the  skin s e n s i t i s i n g  

a c t i v i t y  o f  these sera .  There has been no demonstrat ion o f  i d e n t i t y  

between the heavy chain  determinants  o f  these homocytotropic a n t i ­

bodies in c a t t l e  and the IgE c la s s  o f  immunoglobulin in man, d e sp i te  

t h e i r  a p p a r e n t l y  s i m i l a r  fu n c t io n  and heat  s e n s i t i v i t y ,  a l though cross  

re a c t io n s  between the  s p e c i f i c  heavy chain determinants  o f  human IgG,

IgM and IgA have been used to  i d e n t i f y  the corresponding classes o f  

bovine immunoglobulins ( B u t l e r  e1̂  aj_ 1971) .  P ie rc e  ( I 9 6 7 ) however,  

rep o r ted  t h a t  the  bovine homocytotropic a n t ib o d ie s  belonged t o  the  

IgG c la ss  o f  immunoglobul ins.

Homocytotropic or  ' r e a g i n i c '  a n t ib o d ie s  have been ass o c ia te d  

w ith  p a r a s i t i c  i n f e c t i o n s  in man, ( P a u t r i z e l  and B a i le n g e r  I 9 6 I ,  

P a u t r i z e l  e^  aj_ 1962b, Z v a i f l e r  I 9 6 6 ) ,  sheep ( H o g a r th -S c o t t  1969) ,  

dogs (W i l l iam s  and Perez Esandi 1971 ) ,  r a b b i ts  (Sadun e;^ £l_ I 9 6 7 ) ,  

r a t s ( O g i l  v i e  1964) and in both r a b b i t  and dog immunoglobulins 

analogous to  human IgE have been i s o l a t e d  and described  ( Z v a i f l e r  I 9 6 9 ,
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Rockey and Schwartzman 1967) .

The r o l e  o f  these r e a g in ic  a n t ib o d ie s  in th e  express ion  o f  

a p r o t e c t i v e  immunity in p a r a s i t i c  in f e c t i o n s  has been s tud ied  

using N. b r a s i l i e n s i s  i n f e c t i o n s  in the  r a t  as a model system.

In t h i s  system as descr ibed  in th e  in t r o d u c t io n  to  th e  f i r s t  

p a r t  o f  t h i s  t h e s i s  th e  worms o f  a pr imary i n f e c t i o n  show 

evidence  o f  immune damage by 10 days a f t e r  i n f e c t i o n  and th e  

m a j o r i t y  o f  worms a re  e x p e l l e d  from the  i n t e s t i n e s  by 16 days 

a f t e r  i n f e c t i o n .  Reagin ic  a n t ib o d ie s  can be d e tec ted  as e a r l y  

as 10 days a f t e r  i n f e c t i o n  by e l i c i t i n g  a Type J_ skin  response 

on th e  in t radermal  i n j e c t i o n  o f  N. b r a s i l i e n s i s  a n t ig e n  in 

in f e c t e d  ra ts  ( j a r r e t t  and Stewar t  1972) .  C i r c u l a t i n g  r e a g in i c  

ant ib ody  can be d e te c ted  by pass ive  t r a n s f e r  tech niques  from 

about l6  days a f t e r  i n f e c t i o n  and the leve l  or serum reag ins  

r is e s  between 16-25 days a f t e r  i n f e c t i o n  ( O g i l v i e  1967 ) .  The 

presence o f  a lo ca l  a n a p h y la c t ic  re a c t io n  w i t h  increased  

v a s c u la r  p e r m e a b i l i t y  in th e  w a l l  o f  the small i n t e s t i n e  o f  

i n f e c t e d  r a ts  induced by N. b r a s i l i e n s i s  an t ige n s  (U rq u h ar t ,  

M u l l i g a n ,  Ead ie ,  Jennings 1965 ) ,  the  occurrence o f  r e a g i n ic  a n t i ­

bodies and the  immune exp uls ion  o f  the  worms from th e  i n t e s t i n e  

prompted an in t e n s i v e  i n v e s t i g a t i o n  o f  the p o p u la t io n  k i n e t i c s  o f  

the  m e t a b o l i c a l l y  a c t i v e  t a r g e t  c e l l s  f o r  r e a g i n ic  a n t i b o d i e s ,  

the mast c e l l s ,  in th e  i n t e s t i n e  and t h e i r  r e l a t i o n s h i p  to  the  

immune e xp u ls io n  o f  the  p a r a s i t e .  A dramatic in crease  in th e  number 

o f  mast c e l l s  per  u n i t  area o f  i n t e s t i n e  was found to  occur 10 days 

a f t e r  i n f e c t i o n .  The presence o f  l a r g e  numbers o f  d isch arg in g  mast 

c e l l s  was found to  c o in c id e  w i t h  a marked p e r m e a b i l i t y  o f  the  

i n t e s t i n a l  e p i t h e l i u m  to  macromolecules and th e  e x p u ls io n  o f  worms 

in th e  s e l f - c u r e  r e a c t i o n ,  ( J a r r e t t ,  J a r r e t t ,  M i l l e r ,  Urquhar t  1967,
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M u r r a y ,  J e n n i n g s ,  J a r r e t t ,  M i l l e r  I 9 6 9 , M i l l e r  a n d  J a r r e t t  1971) .

Var ious techniques  have been used to depress the  number o f  mast 

c e l l s  in th e  i n t e s t i n e  o f  in f e c t e d  r a t s ,  ( J a r r e t t  aj_ 19&7),  

t o  i n t e r f e r e  w i th  t h e i r  s to rage  o f  v a s o a c t iv e  amines (C ra ig -S harp  

and J a r r e t t  I 9 6 8 , K e l l e r  1970) or  s p e c i f i c a l l y  an tag o n ise  these  

amines (Murray,  Smith ,  W ade l l ,  J a r r e t t  1971) .  A l l  th ese  methods 

o f  i n t e r f e r e n c e  w i t h  mast c e l l  fu n c t io n  can prevent  th e  e x p u ls iv e  

phase o f  the  s e l f - c u r e  r e a c t io n .  The fu n c t io n  o f  r e a g i n i c  a n t i ­

bodies and t h e i r  m e t a b o l i c a l l y  a c t i v e  t a r g e t  c e l l s  in N. bras i l i e n s i s  

i n f e c t i o n s  in th e  r a t  would appear t o  be p r i m a r i l y  concerned in the  

expu ls io n  o f  p r e v i o u s ly  damaged worms from th e  small  i n t e s t i n e  o f  

th e  r a t ,  p o s s ib ly  by f a c i l i t a t i n g  th e  passage o f  f u r t h e r  l a rg e  

amounts o f  an t ib o d y  in t o  th e  g u t ,  (Jones and O g i l v i e  1971, M i l l e r  

and J a r r e t t  1971) .

Mast c e l l  d ischarg e  does not always r e q u i r e  t h i s  previous  

s e n s i t i s a t i o n  w i t h  homocytotropic  ant ibody  and subsequent i n t e r a c t i o n  

o f  a n t ib od y  w i t h  a l l e r g e n .  Pharmacological a n a l y s i s  o f  e x t r a c t s  o f  

A s c a r is  su is  (Uvnas and Wold 19&7) ,  N. bras i 1 i ens i s ( J a r r e t t  2 L Ê_L 19&7) 

and F. h ep a t ica  (B a g l io n i  and L o c a t e l 1i I 9 6 9 , B a g l i o n i ,  L o c a t e l l i ,  

P h o l e t t i  1969 ) have shown th e  e x is t e n c e  o f  substances in these  

e x t r a c t s  which can d ischarge  mast c e l l s  w i th o u t  t h e  involvement  

o f  homocytotropic a n t i b o d i e s .  i t  has been p o s t u l a t e d  t h a t  s e c r e t io n  

o f  these substances by N. b r a s i l i e n s i s  and F. h ep a t ica  w i t h  re lea se  

o f  v a s o a c t iv e  amines from mast c e l l s  r e s u l t i n g  in an increase  in 

e n d o t h e l i a l  and e p i t h e l i a l  p e r m e a b i l i t i e s  may be in vo lved  in th e  

supply o f  n u t r i e n t  to  the p a r a s i t e s .  ( J a r r e t t  e^  aj_ I 9 6 7 ,

B a g l i o n i  a n d  L o c a t e l l a  1969) .

T h e  e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  p a r t  o f  t h e  t h e s i s  w e r e  

t h e r e f o r e  d e v i s e d  t o  i n v e s t i g a t e  t h e  a p p e a r a n c e  o f  a  h y p e r s e n s i t i v e
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s t a t e  in p a r a s i t e  f r e e  ca lves  f o l l o w i n g  t h e i r  experimenta l  

i n f e c t i o n  w i t h  F. h e p a t i c a . I t  was a lso  decided t o  i n v e s t i g a t e  

the  nature  o f  the  a n t ib o d ie s  respons ib le  f o r  th e  induct ion  of  

t h i s  h y p e r s e n s i t i v i t y  and i f  p o s s ib le  a t tempt some q u a n t i t a t i o n  

o f  t h i s  a n t ib o d y  response.
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MATERIALS AND METHODS

1. A n t Î gen

The a n t ig e n  used in these experiments was a l i p i d  f r e e  

e x t r a c t  o f  F. hep a t ica  prepared as described in th e  prev ious  

p a r t  o f  t h i s  t h e s i s .  Care was taken t o  reduce b a c t e r i o l o g i c a l  

contam inat io n  o f  th e  e x t r a c t  dur ing th e  p r e p a r a t i o n ,  s t e r i l e  

glassware  was used throughout and th e  an t ig en  was subsequently  

s t e r i l i s e d  by h ea t in g  to  56°C f o r  2 hours on 3 s e p a ra te  occas ions .

2.  Skin Tes ts

(a )  D i r e c t  sk in  t e s t s

The in t raderm al  t e s t  in i n f e c t e d  ca lves  was c a r r i e d  out  

as f o l l o w s .

Two or  t h r e e  areas o f  skin  over the  r ib s  o f  i n f e c t e d  ca lves  

were shaved and ,1 m l.  o f  f l u k e  a n t ig e n  c o n ta in in g  50 ug o f  p r o t e in  

were i n j e c t e d  i n t r a d e r m a l l y  i n t o  2 or  3 sep a ra te  s i t e s  using a 

disp o sab le  t u b e r c u l i n  sy r in g e  (Becton, Dickinson and Co. ,

R u th e r fo rd ,  N . J . ) .  S i m i l a r  amounts o f  s t e r i l e  d i l u e n t  (Phosphate-  

b u f f e r e d  s a l i n e )  were a ls o  i n j e c t e d  in 2 o r  3 s i t e s  as c o n t r o ls  

f o r  the  s p e c i f i c i t y  o f  the a n t i g e n .  The skin t h ick n es s  a t  each 

s i t e  was measured b e fo r e  and immediately a f t e r  t h e  I n j e c t i o n  o f  

a n t ig e n  or  s a l i n e .  Skin th ickn ess  a t  each s i t e  was then measured 

a t  15 minutes ,  30 minutes,  45 minutes,  1 hour,  3 hours and 6 hours 

l a t e r .  On c e r t a i n  occasions skin  th ic kness  was a ls o  measured 24,  48  

and 72 hours a f t e r  i n j e c t i o n .

(b)  Cutaneous. t r a n s f e r  t e s t s

The p ass ive  s e n s i t i s a t i o n  o f  the  skin o f  p a r a s i t e  f r e e  ca lves  

using sera from i n f e c t e d  ca lv es  was c a r r i e d  out as f o l l o w s .

Whi te  or  n e a r l y  a l l  w h i t e  ca lves  100-140 l b s .  bodyweight  o f  

th e  A y r s h i r e  and F r i e s i a n  breeds were used in these  t e s t s .  The
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ca lv es  were f i r s t  c l i p p e d  down to the  skin  over an area  extending  

over th e  l a s t  r ib s  and the  l a t e r a l  abdominal w a l l .  The t e s t  s^ecum 

and i t s  d i l u t i o n s  in .2  ml . amounts were i n j e c t e d  using d isposable  

t u b e r c u l i n  syr inges  a t  s i t e s  2 -3  cm. ap a r t  in a checkerboard  

p a t t e r n  p r e v io u s ly  o u t l i n e d  on th e  skin using a f i b r e  t i p  pen 

( S t a e d l e r ,  Germany). The t e s t  sera were d i l u t e d  1 / 4 ,  1 /1 6 ,  1 /6 4 ,

1 /256  in s t e r i l e  phosphate b u f f e r e d  s a l i n e  immediate ly p r i o r  to  

i n j e c t i o n .  Control  i n j e c t i o n  o f  . 2  ml. amounts o f  th e  d i l u e n t  

were inc luded on each t e s t .  Seventy- two hours was a l lowed  to  

e lapse  p r i o r  to  the a t tem pted  induct ion  o f  a Type j_ h y p e r s e n s i t i v i t y  

response a t  these s i t e s .

The Type J_ response was e l i c i t e d  in one o f  two ways. In 

the e a r l y  experiments .1 ml,  amounts o f  the a n t ig e n  co n ta in in g  

50 ug o f  p r o t e i n  were i n j e c t e d  i n t r a d e r m a l l y  a t  t h e  s i t e s  o f  the  

previous serum or  d i l u e n t  i n j e c t i o n s .  The th ickness  and d iameter  of  

th e  r e s u l t a n t  weal was measured using c a l i p e r s  and a v e r n i e r  m ic ro ­

meter .  This method o f  i n j e c t i o n  o f  an t igen  gave anomalous r e s u l t s  a t  

th e  s i t e  o f  i n j e c t i o n  o f  the s t e r i l e  d i l u e n t  in some ca lves  so 

rendering  the  t e s t  i n v a l i d  and t h i s  method o f  t e s t i n g  was discont inued,

The in t ravenous i n j e c t i o n  o f  th e  an t ig en  a t  a dose r a t e  o f  

50 u g / l b .  bodyweight was found t o  g iv e  the  most c o n s is t e n t  r e s u l t s  

in e l i c i t i n g  th e  Type J[ response a t  s i t e s  where homocytotropic  

a n t i b o d i e s  were p re s e n t .  Th is  method o f  a n t ig e n  a d m i n i s t r a t i o n  was 

then used in a l l  the  subsequent t e s t  ca lves and th e  weals were  

o u t l i n e d  by th e  intravenous a d m i n i s t r a t i o n  o f  10-15 ml ,  of  1%

Evans b lue  s o l u t io n  (G.T.  Gurr L t d . ,  London) which a l low ed  

a c c u ra te  measurement o f  th e  diameter  o f  th e  r e s u l t i n g  weals using 

a v e r n i e r  micrometer .  The weal s iz es  were measured 15 minutes
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a f t e r  a d m i n i s t r a t i o n  o f  th e  a n t i g e n .

(c )  B^iops_ies

Biops ies were taken from s i t e s  o f  d i r e c t  skin t e s t s  15 minutes,

6 and 72 hours a f t e r  the  in t raderm al  i n j e c t i o n  o f  a n t i g e n .  The skin  

pieces  were f i x e d  in Bouin's s o lu t io n  f o r  18 hours,  t r immed,  

dehydrated in an a lc oho l -am yl  a c e t a t e  -  ch lo ro form s e r i e s ,  embedded 

in p a r a f f i n  wax, se c t io n s  5 /J, t h i c k  cut  and subsequent ly s ta in e d  

w i t h  haematoxylen c o u n te rs ta in e d  w i th  eos in .

3)  Bovine homocytotropic an t ibo d y

Blood was taken from 4  ca lves  20 weeks a f t e r  t h e i r  i n f e c t i o n  

w i t h  750 m e ta c e rc a r ia e  o f  F. h ep at ica  and the sera pooled to  

p ro v id e  a s tandard  serum f o r  th e  in v e s t i g a t i o n  o f  th e  c h a r a c t e r i s t i c s  

o f  the bovine homocytotropic a n t ib o d y .  The standard  serum was kept  

in 1 ml .  a l i q u o t s  a t  -50°C t i l l  used. The f o l l o w in g  c h a r a c t e r i s t i c s  

o f  th e  bovine homocytotropic an t ib o dy  were in v e s t i g a t e d ;  

s e n s i t i v i t y  to  heat  and reduct io n  w i t h  m ercaptoethanol ,  p e r s is t e n c e  in 

homologous skin f o l l o w i n g  pass ive  t r a n s f e r ,  t h e  f r a c t i o n  o f  th e  bovine  

sera co n ta in in g  homocytotropic a c t i v i t y  and the  p o s s i b i l i t y  o f  a cross  

r e a c t io n  w i t h  sera prepared a g a in s t  heavy chain determ in ants  o f  human 

IgE.

(a ) H G a t  _s ê n ̂  i ;t i V i { ŷ

The s e n s i t i v i t y  o f  th e  homototropic an t ib od y  to  heat  was t e s t e d  

by h e a t in g  .5  ml.  amounts o f  t h e  standard serum in a water  bath a t  

56°C f o r  i  hour,  1 hour,  2 hours and 4 hours. The heated sera were  

d i l u t e d  and used in th e  pass ive  t r a n s f e r  t e s t  w i t h i n  2 - 4  hours o f  

heat  i ng.

(b)  R̂ ê uĉ t j_pn_ wi t_h_jrierca£toe;yi^no 1

The s e n s i t i v i t y  o f  th e  homocytotropic an t ib o d y  to reduct io n  

w i t h  2-mercaptoethanol  and subsequent a l k y l a t i o n  w i t h  iodoacetamide
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was c a r r i e d  out  as described  by Sadun e£  aj_ ( 1967 ) .  In the  

pass ive  t r a n s f e r  t e s t s  co n t r o l  sera were included f o r  a l l  the  

stages o f  red u ct io n  and a l k y l a t i o n .

(c )  S a l t  f r a c t i o n a t i o n  o f  serum

The serum was f r a c t i o n a t e d  using s a t u r a t e d  ammonium su lp hate  

a t  pH 6 .5  as descr ibed  by S t e lo s  ( I 9 6 7 ) .  S a t u ra t e d  ammonium 

su lp h ate  was added to the s tandard  serum to  f i n a l  co n c e n t ra t io n s  

o f  33 V s %  and 50%. The former c o n c e n t ra t io n  p r e c i p i t a t e s  l a r g e l y  

gamma g l o b u l i n s  w h i l e  th e  l a t t e r  c o n c e n t r a t io n  p r e c i p i t a t e s  most o f  

t h e  g lo b u l i n s  present  in th e  se ra .  The p r e c i p i t a t e s  were r e ­

suspended in s t e r i l e  phosphate b u f f e r e d  s a l i n e ,  d i a l y s e d  to  remove 

th e  ammonium su lp h a te  and made up t o  t h e i r  o r i g i n a l  c o n c e n t ra t io n s  in 

th e  standard  serum b e fo re  use in pass ive  t r a n s f e r  t e s t s .  The super ­

n a ta n ts  o f  both p r e c i p i t a t e s  were a ls o  d ia l y s e d  f r e e  o f  ammonium 

s u lp h a t e ,  made up t o  t h e i r  o r i g i n a l  c o n c e n t r a t io n s  and used in th e  

pa ss ive  t r a n s f e r  t e s t .

(d)  An;^i£eti i£ £imiJL^jri;^y_to jiuman_ j_giE

Demonstrat ion o f  a p o s s ib le  a n t i g e n i c  s i m i l a r i t y  between th e  

heavy cha in  determ in ants  o f  human IgE and th e  bovine  homocytotropic  

a n t ib o dy  was i n v e s t i g a t e d  in t h e  fo l l o w in g  manner. Var ious q u a n t i t i e s  

o f  a s p e c i f i c  ant i -human IgE sera (M i les -Yeda  L t d . ,  Rhovot , I s r a e l )  

were added to  th e  s tandard bov ine serum to  see i f  i t  i n t e r f e r e d  w i th  

t h e  a b i l i t y  o f  th e  serum t o  s e n s i t i s e  bovine sk in  in t h e  pass ive  

t r a n s f e r  t e s t .  Ant i-human IgE serum c o n t a in in g  5 u g .o f  a n t i b o d y / u l  

was added in 10 ^1., 5 pK, and 2 . 5  amounts t o  1 ml.  amounts o f  

th e  s tandard bovine serum which co nta in ed  54 ,0 0 0  y jg .o f  t o t a l  

g l o b u l i n s / m l .  r e s u l t i n g  in d i l u t i o n s  o f  1 ^ g . o f  a n t i s e r a  t o t a l  

g l o b u l i n s  to  1 ,0 8 0 ,  2 , l 6 0 , 4 ,3 2 0  ^ g s . o f  t o t a l  bovine g l o b u l in s  

a t  each d i lu t  ion.
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R E S U L T S

1) Dî r e c t  skin  t e s t s

The response o f  ca lv es  a t  i n t e r v a l s  a f t e r  a s i n g l e  

i n f e c t i o n  o f  750 m e ta c e rc a r ia e  o f  F. hep a t ica  to  the in tradermal  

i n j e c t i o n  o f  F. hep a t ica  an t ig en  was s tu d ied  in in d i v i d u a l  

ca lves  a t  2,  3, 4 ,  5 ,  6 ,  8, 10, 12, 16 and 18 weeks a f t e r

i n f e c t i o n  dur ing Experiment 3.  A l l  28 ca lves  used in

Experiment 3 were t e s t e d  f o r  t h e i r  response to th e  in tradermal  

i n j e c t i o n  o f  F. h ep at ica  an t ig en  p r i o r  to  s la u g h t e r  a t  the end 

o f  th e  exper im ent .  S ix  u n in fe c te d  p a r a s i t e  f r e e  ca lv es  were  

a ls o  used as c o n t r o ls  f o r  t h e  s p e c i f i c i t y  o f  the  a n t ig en  a t  

v a r io u s  t imes dur ing these  skin t e s t s .  The maximum in crease in 

skin th ic k n e s s  produced by the in t radermal  i n j e c t i o n  o f  an t ig en  

in the  u n in f e c t e d  c o n t ro l  c a lves  or  the i n j e c t i o n  o f  s a l i n e  in 

co ntro l  and i n f e c t e d  ca lves  was found to  be 4 mm. and t h e r e f o r e

the f i r s t  4  mm. increase  in skin th ickness  a t  any t e s t  s i t e  was

discounted as being n o n - s p e c i f i c .

The r e s u l t s  o f  the  10 ca lv es  te s t e d  between 2 -1 8  weeks a f t e r  

i n f e c t i o n  a re  summarised in T ab le  13, the net  in crease  in skin  

th ic kness  a f t e r  s u b t r a c t i o n  o f  4 mm. f o r  the n o n - s p e c i f i c  re a c t io n  

is shown a t  30 minutes,  1 hour and 6 hours a f t e r  i n j e c t i o n  o f  th e  

a n t i g e n .  I n d iv id u a l  t e s t  r e s u l t s  f o r  each c a l f ,  both in f e c t e d  and 

c o n t ro l  a r e  given in Tables  l - l 4  in Appendix 3.

As can be seen from T ab le  13 a Type J_ or  immediate h y p e r s e n s i t i v i t y  

response was f i r s t  d e te c ted  3 weeks a f t e r  i n f e c t i o n  and was s t i l l  

present  18 weeks a f t e r  i n f e c t i o n .  Th is  response was c h a r a c t e r i s e d  

by the  fo rm a t io n  o f  a r a is e d  in dura ted  area as shown in P l a t e  4 ,

A p p e n d i x  3 a n d  i n  u n p i g m e n t e d  a r e a s  t h e  w e a l  a n d  s u r r o u n d i n g  a r e a s  

w e r e  m a r k e d l y  e r y t h e m a t o u s .  T h e  w e a l  r e a c h e d  a  m a x i m u m  s i z e  a b o u t
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30 minutes a f t e r  th e  i n j e c t i o n  o f  an t igen  and in t h e  e a r l y  

stages o f  the i n f e c t i o n  i t  had l a r g e l y  reso lved  w i t h i n  1-2  

hours l a t e r .  In the  l a t e r  stages o f  the i n f e c t i o n  the i n i t i a l  

weal became l a r g e r  and p e r s i s t e d  f o r  longer pe r iods  b e fo re  i t  

regressed.  At 12 weeks a f t e r  i n f e c t i o n  i t  can be seen t h a t  an 

increase  in th e  skin  th ic kness  a t  the i n j e c t i o n  s i t e  cou ld  s t i l l  

be d e te c te d  6 hours a f t e r  i n j e c t i o n  o f  the a n t i g e n .  S i m i l a r  

re a c t io n s  were a ls o  d e tec ted  a t  l 6  and 18 weeks a f t e r  i n f e c t i o n ,  

i t  would appear t h a t  the  e a r l y  weal c h a r a c t e r i s t i c  o f  th e  Type J_ 

response is prolonged in th e  l a t e r  stages o f  th e  i n f e c t i o n  by a 

Type I I I  o r  'A r t h u s '  r e a c t i o n .  No re a c t io n s  were d e t e c t a b l e  a t  

any t e s t  s i t e s  24 -72  hours a f t e r  i n j e c t i o n  o f  th e  a n t i g e n .

H i s t o l o g i c a l  examinat ion o f  the biopsy taken 15 minutes a f t e r  

t h e  i n j e c t i o n  o f  a n t ig e n  showed marked oedema o f  th e  connect iv e  

t i s s u e  o f  th e  dermis w i th  a sparse c e l l u l a r  i n f i l t r a t e  o f  the  

dermis main ly  composed o f  eo s in o p h i l  Is w i t h  a few n e u t r o p h i l s  

p r e s e n t .  D e t a i l s  o f  the  h i s t o l o g y  a r e  shown in P l a t e  1,

Appendix 3.  H i s t o l o g i c a l  examinat ion o f  the  biopsy  taken 6 hours 

a f t e r  i n j e c t i o n  o f  a n t ig en  aga in  showed some oedema o f  the  

co n n ec t ive  t i s s u e  o f  t h e  dermis but a s s o c ia te d  w i t h  a marked 

c e l l u l a r  i n f i l t r a t e  both o f  the  connect iv e  t i s s u e  o f  th e  dermis 

and th e  per imysium and endomysium o f  th e  subcutaneous muscle.

The c e l l u l a r  i n f i l t r a t e  c on s is te d  l a r g e l y  o f  e o s in o p h i l s  and 

n e u t r o p h i l s  w i t h  occas io na l  plasma c e l l s .  There was a ls o  marked 

p e r i v a s c u l a r  c u f f i n g  as s o c ia te d  in some cases w i t h  v a s c u la r  damage 

and thrombosis.  D e t a i l s  o f  th e  h i s t o l o g i c a l  changes a r e  shown in 

P la t e s  2 and 3 in Appendix 3.

H i s t o l o g i c a l  examinat ion o f  biopsy m a t e r ia l  taken from the  

s i t e  o f  a n t ig e n  i n f e c t i o n  72 hours l a t e r  rev e a le d  changes s i m i l a r
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t o  t h a t  d e s c r i b e d  a t  6  h o u r s  a f t e r  i n f e c t i o n ,  t h e  c e l l u l a r  

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

l a r g e  p r o p o r t i o n  o f  l y m p h o c y t e s  a n d  p l a s m a  c e l l s .  V a s c u l a r  

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

c u f f i n g  b y  t h e  c e l l u l a r  i n f i l t r a t e  b u t  t h e  i n t e r s t i t i a l  

o e d e m a  a s s o c i a t e d  w i t h  t h e  e a r l i e r  l e s i o n s  h a d  d i s a p p e a r e d .

H i s t o l o g i c a l  e x a m i n a t i o n  o f  t h e  s k i n  b i o p s i e s  w o u l d  

a p p e a r  t o  c o n f i r m  t h a t  a  T y p e  J _  r e s p o n s e  i s  s u c c e e d e d  b y  c h a n g e s

w h i c h  m e r i t  c l a s s i f i c a t i o n  a s  a  T y p e  I I I  o r  ' A r t h u s '  r e a c t i o n  

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

t h i s  r e a c t i o n  a r e  s t i l l  p r e s e n t  ~}1 h o u r s  a f t e r  t h e  i n j e c t i o n  

o f  a n t  i g e n .

The r e s u l t s  o f  th e  in tr aderm al  t e s t  in a l l  28 ca lv es  used 

in Experiment 3 to g e th e r  w i t h  2 u n in fec ted  p a r a s i t e  f r e e  co n t ro l  

ca lv es  a r e  summarised in T ab le  l 4  and in d i v id u a l  r e s u l t s  a re  

given in T ab le  15, In Appendix 3. A l l  t h i r t y  c a lves  were 

t e s t e d  j u s t  p r i o r  to the s la u g h t e r  o f  th e  28 experiment ca lves  

and th e  weal s ize s  were measured a t  30 minutes a f t e r  in t radermal  

i n j e c t i o n  o f  the  a n t i g e n .  I t  can be seen from t h e  T a b le  t h a t  a f t e r  

d isc ou n t in g  th e  f i r s t  4  mm, o f  any increase in skin  th ic kn es s  as 

being due to  a n o n - s p e c i f i c  re a c t io n  t h a t  25 of t h e  27 ca lves  

found to  be i n f e c t e d  w i t h  F. h ep a t ica  a t  s la u g h t e r  had net  

increases  in skin t h ick n es s  o f  4  mm. and g r e a t e r  a t  th e  i n j e c t i o n  

s i t e  and 21 o f  the  27 ca lv es  had net  increases o f  8 mm. or  g r e a t e r  

a t  th e  i n j e c t i o n  s i t e  30 minutes a f t e r  in t raderm al  i n j e c t i o n  o f  

th e  a n t ig e n .  The 2 u n in f e c t e d  co n t r o l  ca lv es  and c a l f  No, 17 

which was found to  be u n in f e c t e d  a t  s laughter  d id  not  show any 

in crease  in sk in  th ickn ess  g r e a t e r  than the  4 mm. discounted  as being  

due t o  th e  non s p e c i f i c  r e a c t i o n .  Two exper im enta l  c a lves  found to
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be I n f e c t e d  w i t h  F. h ep a t ica  a t  s la u g h te r  o n ly  showed a f u r t h e r  

In crease  o f  2 mm. In skin th ickn ess  a t  th e  I n j e c t i o n  s i t e  30 

minutes a f t e r  a n t ig e n  I n j e c t i o n .

I t  would appear t h a t  In these 30 ca lves  t e s t e d  a net  

In crease  sk in  t h ick n e ss  o f  4 mm. or  over could  be regarded as 

a p o s i t i v e  I n d i c a t i o n  o f  I n f e c t i o n  a l lo w in g  c o r r e c t  d iagnosis  

o f  t h e  presence o f  F. he p a t ic a  I n f e c t i o n  In 93% o f  th e  In f e c t e d  

ca lves  t e s t e d .  The In traderm al  re a c t io n  gave n e g a t iv e  r e s u l t s  

In th e  3 u n in f e c t e d  c a lves  t e s t e d  and gave doubt fu l  r e s u l t s  In 

7% o f  th e  I n f e c t e d  c a lves  t e s t e d .  There was no s i g n i f i c a n t  

c o r r e l a t i o n  between th e  acq u i red  f l u k e  burdens o f  t h e  ca lves  

and the magnitude o f  t h e i r  h y p e r s e n s i t i v i t y  response.

2)  Q u a n t i t a t i o n  o f  th e  homocytotropic an t ib o d y  response

The r e s u l t s  o f  th e  d i r e c t  skin t e s t  had shown t h a t  a n t ib o d ie s  

capable o f  med ia t in g  a Type J_ h y p e r s e n s i t i v i t y  response to  

F. h ep a t ica  a n t ig e n s  could be de tec ted  In th e  sk in  o f  ca lv es  from 

3 weeks a f t e r  t h e i r  I n f e c t i o n  w i t h  F. h e p a t i c a . These r e s u l t s  

however,  a p a r t  from an apparent  Increase  In the  s i z e  o f  th e  

r e s u l t a n t  weal as the I n f e c t i o n  progressed gave no I n d ic a t io n  o f  

t h e  p a t t e r n  and magnitude o f  t h i s  an t ibody  response.

In an a t tem pt  to  q u a n t i t a t e  t h i s  response sera from 6 ca lves  

were s tu d ie d  f o l l o w i n g  t h e i r  exper imenta l  I n f e c t i o n  w i t h  F. h ep at ic a  

Serum samples were taken p r i o r  to  and a t  4 ,  8, 12, 16, 20 and 24 

weeks a f t e r  the  i n f e c t i o n  o f  3 ca lves  each w i th  500 m e ta c e rc a r Ia e  

o f  F. h e p a t i c a . Serum samples were a ls o  taken  p r i o r  to  and a t  

4 ,  6 ,  8,  12, l 6 ,  20,  24,  28 and 30 weeks a f t e r  th e  I n f e c t i o n  o f  

3 ca lves  each w i t h  750 m e ta c e rc a r Ia e  o f  F. h e p a t i c a . Each serum 

sample was used In the  pass iv e  cutaneous t r a n s f e r  t e s t  u n d i l u t e d  

and a t  d i l u t i o n s  o f  1 / 4 ,  1 /1 6 ,  1 /6 4 ,  1 /256 along  w i t h  th e
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r e q u i s i t e  p h o s p h a te -b u f fe re d  s a l i n e  c o n t r o l s .  In a l l  288 samples 

were t e s t e d  using 6 u n in fe c te d  p a r a s i t e  f r e e  ca lve s  as homo- 

logenous r e c i p i e n t s  f o r  t h e  t e s t  sera ,  a n t ig e n  was given  

In t r a v e n o u s ly  as was Evan's b lu e  t o  d e l i n e a t e  th e  r e s u l t a n t  

weals .  The h ig h es t  d i l u t i o n  o f  the  t e s t  serum g i v i n g  a 

measurable b lue  weal was taken as a measure o f  the  homocytotropIc  

an t ib o d y  content  o f  t h a t  serum. No re a c t io n  was ever detected  

a t  th e  s i t e s  o f  I n j e c t i o n  o f  p r e i n f e c t i o n  sera or  o f  the co n t ro l  

s a l i n e .  The r e s u l t s  o f  t h e  I n d iv i d u a l  c a l f  serum samples are  

given In Tab les  16-21,  Appendix 3 and the r e s u l t s  a r e  summarised 

In Tab le  15. Reagins were de tec ted  In small amounts on severa l  

occasions In th e  sera o f  In d i v i d u a l  ca lves  taken between 4 and 

l 6 weeks a f t e r  I n f e c t i o n .  At  20 weeks a f t e r  I n f e c t i o n ,  however,  

reag in s  were d e tec ted  In a l l  th e  sera t e s t e d .  T h e r e a f t e r ,  t h e re  

was a marked r i s e  In th e  amount o f  c i r c u l a t i n g  homocytotropIc  

a n t ib o d y ,  the  leve l  reaching a peak about 28 weeks a f t e r  I n f e c t i o n ,  

The le v e l  o f  t h e  c i r c u l a t i n g  homocytotropic a n t ib o d y  then d e c l in e d  

sh arp ly  over th e  next 2 weeks.

3) C h a r a c t e r i s t i c s  o f  th e  bovine homocytotropic an t ibody

a ) Heat_sen2 i t.i v̂ i t.y

The standard  bovine serum c o n s i s t e n t l y  gave d e t e c t a b le  weals  

up to  a d i l u t i o n  o f  1 /64  In the  pass ive  cutaneous t r a n s f e r  t e s t .  

The r e s u l t s  o f  th e  p ass iv e  t r a n s f e r  t e s t  using t h i s  serum a f t e r  

h e a t in g  a t  56°C f o r  i ,  1, 2 and 4 hours a r e  summarised In Tab le  16 

and th e  i n d i v i d u a l  r e s u l t s  a r e  given In T a b le  24 Appendix 3. i t  

can be seen t h a t  h ea t in g  a t  56 *̂ C f o r  30 minutes reduced th e  sk in  

s e n s i t i s i n g  a c t i v i t y  o f  th e  s tandard serum by over  60%, the  

h ig h es t  d i l u t i o n  s t i l l  g i v i n g  a d e t e c t a b l e  weal was reduced to  4 , 

and h e a t in g  f o r  a f u r t h e r  1^ hours a t  5&^C a b o l is h e d  th e  skin
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R e c i p r o c a l  o f  h i g h e s t  s e r u m  d i l u t i o n  g i v i n g  d e t e c t a b l e  r e s u l t s  

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

s t a n d a r d  b o v i n e  s e r u m  f o r  1 / 2 ,  1 ,  2  a n d  4 h o u r s  a t  5 6 ° C ,

T i m e  o f h e a t i n g  ( h r s . )
0 .5 1 2 4

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

64 4 1  -
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s e n s i t i s i n g  a c t i v i t y  o f  th e  serum c o m p le te ly .

b) Sen_sJ_tj_vJ_ty  ̂ £P„>'®.‘̂ iLCt_mn_wJ_tli me r c ^  W e t  ha npj[

Two samples o f  th e  s tandard bovine serum were reduced f o r  

3 hours by d i a l y s i s  again  .1 M. 2 -m ercap to e th an o l ,  then th e  

t e rm in a l  residues  a l k y l a t e d  by d i a l y s i s  again .02  M. lodoa-  

cetamlde and f i n a l l y  d ia ly s e d  a g a in s t  severa l  changes o f  

phosphate b u f f e r .  S i m i l a r  samples o f  th e  standard  sera were  

d ia ly s e d  a g a in s t  o n ly  lodacetamlde and phosphate b u f f e r e d  s a l i n e  

or o n ly  a g a in s t  phosphate b u f f e r e d  s a l i n e .  The reduced sera and 

th e  c o n t ro l  sera were t e s t e d  In th e  passive  t r a n s f e r  t e s t  and 

the  r e s u l t s  a r e  shown In T a b le  22, Appendix 3. I t  can be seen 

t h a t  t h i s  m i ld  degree o f  reduct ion  w i th  mercaptoethanol  was 

s u f f i c i e n t  t o  a b o l i s h  th e  sk in  s e n s i t i s i n g  a c t i v i t y  o f  the  

standard  serum.

c)  S a l t  f r a c t i o n a t i o n

F r a c t i o n a t i o n  o f  th e  standard  serum w i th  ammonium su lphate  

lo ca te d  th e  skin  s e n s i t i s i n g  a c t i v i t y  to  th e  f r a c t i o n  p r e c i p i t a t e d  

a t  50% and 33 1/3% s a t u r a t i o n  w i th  ammonium su lp h a te  thus  

p r e c i p i t a t i n g  the homocytotropIc an t ib ody  In th e  same serum 

f r a c t i o n  as th e  gamma-globul Ins.as shown In T ab le  23,  Appendix 3.

d) An_^lg[en_lc s.îmîX3£Î t_y__to h_uman_ j_g£ £la_s^

A method o f  I n v e s t i g a t i n g  a p o s s ib le  a n t i g e n i c  s i m i l a r i t y  

between t h e  s p e c i f i c  heavy chain determinants  o f  th e  human IgE 

Immunoglobulin and the bovine homocytotropic an t ib o d y  was the  

use o f  a monospec if ic  an t  I sera t o  human IgE a n t i b o d ie s  In th e  

I n h i b i t i o n  o f  th e  skin  s e n s i t i s i n g  a c t i v i t y  o f  t h e  bovine homo- 

c y t o t r o p i c  a n t ib o d y .  The r e s u l t s  o f  adding very  smal l q u a n t i t i e s  

o f  t h e  s p e c i f i c  ant  I serum t o  th e  standard bovine serum a r e  shown 

In T ab le  17. I t  can be seen t h a t  25 *jg. o f  the  t o t a l  an t ib ody
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presen t  in t h e  a n t i s e r a  was s u f f i c i e n t  to  a b o l is h  th e  

a c t i v i t y  conta in ed  In th e  13,500 ^ g . o f  t o t a l  bovine  g l o b u l i n s  

conta in ed  In th e  1 /4  d i l u t i o n  o f  t h e  standard bovine  serum.
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DISCUSSION

The r e s u l t s  o f  th e  exper iments  demonstrate the  e x i s te n c e  

o f  a n t i b o d ie s  capable  o f  media t ing  a Type o r  immediate 

h y p e r s e n s i t i v i t y  response in th e  skin o f  ca lves  dur ing  i n f e c t i o n  

w i t h  F. h e p a t i c a . T h is  response can be e l i c i t e d  by th e  i n t r a ­

derma 1 i n j e c t i o n  o f  small  amounts o f  a complex l i p i d  f r e e  f l u k e  

an t ig e n  and c o n s is ts  o f  an indura ted  erythematous weal which 

reaches i t s  maximum s i z e  about 30 minutes a f t e r  i n j e c t i o n  o f  

the a n t ig e n  and reso lves  w i t h i n  a f u r t h e r  1^-2 hours.  A Type j_ 

response can be e l i c i t e d  as e a r l y  as 3 weeks a f t e r  i n f e c t i o n  o f  

ca lves  w i th  F. h e p a t ic a  and is  s t i l l  present  20 weeks a f t e r  

i n f e c t i o n .

As the i n f e c t i o n  progressess the weal i n i t i a t e d  by the  

Type \_ response p e r s i s t s  f o r  longer per iods pro longed by th e  

appearance o f  a Type I I I  o r  'A r th u s '  re a c t io n  a f t e r  th e  Type _[_ 

r e a c t i o n .  Th is  Type I I I response r e s u l t s  in weals s t i l l  

d e t e c t a b l e  4 - 6  hours a f t e r  i n j e c t i o n  and is present  between 

16-20 weeks a f t e r  i n f e c t i o n .  The r i s e  in the  le v e l  o f  p r e c i p i t a t i n g  

a n t ib o d i e s  which occurs a t  t h i s  t ime as shown in Par t  2 o f  t h i s  

t h e s i s  may be th e  f a c t o r  re sp o n s ib le  f o r  the appearance o f  the  

Type I I I h y p e r s e n s i t i v i t y  response.  I t  has p r e v i o u s l y  been 

shown ( S i q u e i r a  and B ier  I 9 6 I ,  B i e r ,  Passos, S i q u e i r a  I 9 6 8 ) 

t h a t  m i c r o p r e c i p i t a t e s  o f  immune complexes capab le  o f  f i x i n g  

complement can cause v a s c u la r  damage s i m i l a r  t o  t h a t  found in 

Type I I I r e a c t io n s  a t  th e  s i t e  o f  pass ive  cutaneous anaphy la x is  

e l i c i t e d  in th e  sk in  o f  guinea p ig s .  The appearance o f  a Type I I I 

response in c a t t l e  in f e c t e d  w i t h  F. h ep at ic a  may t h e r e f o r e  depend 

on th e  simul taneous presence o f  both homocytotrop ic and 

p r e c i p i t a t i n g  a n t i b o d i e s  w i t h  t h e i r  s p e c i f i c  a n t ig e n s  a t  the
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i n j e c t i o n  s i t e  in th e  dermis.

The r e s u l t s  o f  these experiments co n f i rm  th e  d e s c r ip t io n s  

o f  a Type j_ response in c a t t l e  n a t u r a l l y  in f e c t e d  w i th  

F. h ep at ica  (Gonzalez e_̂  aj_ 1951, Favat i  and D e l la  Croce 1965,

F r i c k  1968 ) and pro v id e  co n f i rm a t io n  and a p o s s ib le  e x p la n a t io n  

f o r  th e  h i t h e r t o  unconfirmed re p o r t  of  a Type 1 I I response to  

th e  int raderma 1 i n j e c t i o n  o f  F. hepat ica an t ig en s  in c a t t l e  

(Soulsby 1954 ) .

The appearance o f  a Type re a c t io n  induced by the  i n t r a -  

deraml i n j e c t i o n  o f  a f i x e d  amount (50 ug) o f  a standard  

F. h ep at ica  an t ig en  was used as a d ia g n o s t ic  t e s t  f o r  the  

presence o f  i n f e c t i o n  in th e  28 ca lves  used in Experiment 3 j u s t  

p r i o r  to  s la u g h t e r  and 2 u n in fe c te d  p a r a s i t e  f r e e  c o n t ro l  c a lv e s .

A net  in crease o f  4 mm. or  more In skin th ickness  a t  th e  i n j e c t i o n  

s i t e  was regarded as a p o s i t i v e  response and 25 o f  the 27 ca lves  

subsequently  found to  be in f e c t e d  a t  s la u g h te r  gave p o s i t i v e  

responses,  the 2 remaining in f e c t e d  ca lves  gave a doubtful  

response and the 3 p a r a s i t e  f r e e  ca lves  gave n e g a t iv e  r e s u l t s .

Under c o n t r o l l e d  c o n d i t i o n s ,  t h e r e f o r e ,  t h i s  in tradermal  

t e s t  f o r  F. h ep at ica  a l low ed  diagnosis o f  i n f e c t i o n  as e a r l y  as 

3 weeks a f t e r  i n f e c t i o n  and was 93% a c c u ra te  in th e  diagnos is  

o f  i n f e c t e d  c a lv e s .

The a n t i b o d i e s  resp o n s ib le  f o r  media t ing  th e  Type j_ 

response cou ld  be d e tec ted  in the skin o f  i n f e c t e d  ca lves  from 

3 - 4  weeks a f t e r  in f e c t i o n  onward but they on ly  appeared s p o r a d i c a l l y  

and in small amounts in the sera o f  these ca lv es  during the f i r s t  

16 weeks a f t e r  i n f e c t i o n .  The amount o f  homocytotrop Î c an t ibody  

in the sera then began to  r i s e  between 16-20 weeks a f t e r  i n f e c t i o n ,  

reached a peak between 24 -28  weeks a f t e r  i n f e c t i o n  and then dec l ined ,
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This  p a t t e r n  o f  th e  homocytotropic response induced by 

a s i n g l e  i n f e c t i o n  o f  F. hep at ica  in calves  is ag a in  s i m i l a r

a l b e i t  on a much longer t im e s c a le ,  t o  the homocytotropic

an t ib o d y  l e v e l s  in r a t s  in f e c t e d  w i th  N. b r a s i 1i e n s is  In t h a t

in both cases the  leve l  o f  homocytotropic an t ib o d y  in the serum

s t a r t s  to  r i s e  about the t im e  when the  p a r a s i t e s  a re  being

e x p e l l e d  by th e  h o s t .  In th e  case o f  the  s i n g l e  i n f e c t i o n  w i th

F. h ep at ica  in ca lves  i t  can be seen t h a t  t h i s  r i s e  begins

between 16-20 weeks a f t e r  i n f e c t i o n  and so c o in c id es  w i t h  the

p e r io d  o f  reduced b i l o g i c a l  a c t i v i t y  o f  th e  f l u k e s  as discussed

in Par t  1 o f  t h i s  t h e s i s .

Th is  r i s e  in t h e  amount o f  homocytotropic an t ib o d y  present  

in th e  serum over t h i s  per io d  has two p o s s ib le  e x p l a n a t i o n s .  The 

f i r s t  is  t h a t  i t  is th e  r e s u l t s  o f  an increased product ion  o f  

t h i s  an t ib o d y  over t h i s  p e r io d  due perhaps to  the  appearance o f  

a s p e c i f i c  a l l e r g e n  l i b e r a t e d  from th e  f lu k e s  a t  t h i s  t im e .

The second and more complex e x p la n a t io n  invo lves  th e  p o s s ib le  

s e c r e t io n  from th e  f lu k e s  in t h e i r  feed in g  a c t i v i t i e s  o f  th e  

mast c e l l  d eg ran u la t in g  substance (M .C .D . )  described  by Bag l ioni  

and L o c a t e l 1 Î (1969)  and B ag l ion i  e l  aj[ ( 1 9 6 9 ) .  S ecre t io n  o f  

such a substance w i t h  th e  consequent re le a s e  o f  v a s o a c t iv e  

amines from mast c e l l s  in th e  b i l i a r y  e p i t h e l i u m  would ensure  

increased v a s c u la r  and e p i t h e l i a l  p e r m e a b i l i t y  thus f a c i l i t a t i n g  

th e  haemotophagic a c t i v i t i e s  o f  th e  f l u k e s .  Continued s e c r e t io n  

o f  M.C.D.  substance would in v o lve  th e  d ischarge  o f  th ese  mast 

c e l l s  and t h e i r  con t inu a l  replacement by new p o p u la t io n s  o f  mast 

c e l l s .  Th is  ra p id  tu rn o v e r  in th e  mast c e l l  p o p u la t io n  would 

n e c e s s i t a t e  th e  form at ion  and consequent f i x a t i o n  o f  l a r g e  amounts 

o f  homocytotropic an t ib ody  to  s e n s i t i s e  each new mast c e l l
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p o p u la t io n  w i t h  th e  r e s u l t  t h a t  t h e r e  would be l i t t l e  excess 

homocytotropic a n t ib ody  l e f t  in th e  c i r c u l a t i o n .  A marked 

dim inut io n  or  ce ssa t io n  in th e  s e c re t io n  o f  M .S .D .  substance  

would a l l o w  some s t a b i l i s a t i o n  o f  th e  b i l i a r y  mast c e l l  p opu la t io n  

and r e s u l t  in th e  r e l a t i v e  excess o f  homocytotropic an t ibody  

appearing  in th e  serum. Some measure of  support  f o r  t h i s  

hypothes is  d e r ive s  from th e  f a c t  t h a t  t h i s  r i s e  in t h e  leve l  

o f  serum homocytotropic a n t ib o d y  lev e l  begins du ring  the  

p e r io d  when t h e r e  is ev idence  f o r  reduced b i o l o g i c a l  a c t i v i t y  

o f  th e  f l u k e s  p r i o r  t o  t h e i r  expuls ion and cont inues  over th e  

p e r io d  o f  exp u ls io n  o f  the  f l u k e s .  This  s t a b i l i s a t i o n  o f  t h e  mast 

c e l l  p o p u la t io n  may a l l o w  th e  express ion  o f  a homocytotropic

an t ib od y  response i f  t h i s  is re sp o n s ib le  f o r  th e  expu ls io n  o f  t h e

damaged f lu k e s  by a s i m i l a r  mechanism to  t h a t  proposed f o r  the

expu ls io n  o f  N. b r a s i 1 ie n s is  from immune r a t s  as discussed in

t h e  i n t r o d u c t i o n  to  t h i s  p a r t  o f  the t h e s i s .

The bovine homocytotropic ant ibody  r e s p o n s ib le  f o r  

media t in g  th e  Type J_ h y p e r s e n s i t i v i t y  r e a c t io n  has many 

c h a r a c t e r i s t i c s  s i m i l a r  t o  those  descr ibed  f o r  t h e  human IgE c lass  

o f  a n t ib o d i e s  in t h a t  i t  is s e n s i t i v e  to  heat and m i ld  reduct ion  

w i t h  m erca p to e th an o l , i t  Is capable o f  pass ive  t r a n s f e r  to  a 

homologous r e c i p i e n t  and p e r s i s t s  in the  skin o f  t h i s  r e c i p i e n t  

f o r  a t  l e a s t  1 1  hours a f t e r  t r a n s f e r .  I t  would a l s o  appear to  

share common s p e c i f i c  heavy chain  determinants  w i t h  t h e  human 

IgE c la ss  o f  immunoglobulins s ince  ant i -human IgE serum was 

capable o f  i n h i b i t i n g  th e  a c t i o n  o f  a standard serum co n ta in in g  

bovine homocytotropic a n t ib o d y ,  the  degree o f  i n h i b i t i o n  being  

r e l a t e d  t o  th e  amount o f  a n t i - l g E  serum added. Th is  i n h i b i t o r y  

e f f e c t  o f  th e  a n t i —IgE serum can be e x p la in e d  by a combinat ion
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o f  the  a n t i -  serum w i t h  common a n t i g e n i c  determ in ants  on 

t h e  heavy chains o f  th e  bovine homocytotropic immunoglobulin 

molecu le  occ lu d in g  th e  b in d in g  s i t e  o f  th e  molecu le  so 

p re v e n t in g  i t s  at tachment to  th e  t a r g e t  c e l l .  I t  would 

appear t h e r e f o r e  t h a t  t h e r e  may be a c lass  o f  bovine  

Immunoglobulins r es p o n s ib le  f o r  media t ing  Type j_ h y p e r s e n s i t i v e  

r e a c t i o n s  which share common a n t i g e n i c  de te rminants  w i t h  th e  

IgE c la s s  o f  immunoglobulins in man.
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SUMMARY

An immediate or  Type J_ h y p e r s e n s i t i v i t y  response could  

be e l i c i t e d  in ca lves  as e a r l y  as 3 weeks a f t e r  t h e i r  i n f e c t i o n  

w i t h  750 m e t ac erc ar iae  o f  F. hepat ica  by the in t raderm al  

i n j e c t i o n  o f  small  amounts o f  a complex l i p i d - f r e e  an t ig e n  

o f  t h i s  p a r a s i t e ,  A Type response could be e l i c i t e d  t i l l  

the  end o f  the experiment a t  20 weeks a f t e r  i n f e c t i o n  but as 

th e  i n f e c t i o n  progressed th e  weal i n i t i a t e d  by t h i s  response 

p e r s i s t e d  f o r  longer per iods  prolonged by the appearance o f  a 

Type 111 or  'A r th u s '  r e a c t i o n .  This  Type I I I response r e s u l t e d  

in weals d e t e c t a b l e  4 - 6  hours a f t e r  a n t ig en  i n j e c t i o n  and was 

p resent  between 16-20 weeks a f t e r  i n f e c t i o n .

The a n t i b o d i e s  resp o n s ib le  f o r  media t ing  th e  Type \_ 

response could o n ly  be d etected  s p o r a d i c a l l y  and in small  

amounts in the  sera o f  i n f e c t e d  ca lves  during th e  f i r s t  16 weeks 

a f t e r  i n f e c t i o n  as d e tec ted  by a pass ive cutaneous t r a n s f e r  

t e s t .  The amount o f  c i r c u l a t i n g  homocytotropic an t ib ody  

d e te c ted  then rose to  a peak between 24 -28  weeks a f t e r  i n f e c t i o n  

so c o in c id in g  w i t h  the p e r io d  o f  expu ls io n  o f  the p a r a s i t e s  

f rom t h e i  r hosts.

Bovine homocytotropic an t ibody  has many c h a r a c t e r i s t i c s  

s i m i l a r  to  those descr ibed  f o r  th e  human IgE c la s s  o f  a n t ib o d ie s  

in t h a t  i t  is s e n s i t i v e  t o  heat  and mi ld  re duct ion  w i t h  

m ercaptoethanol ,  i t  has some heavy chain a n t i g e n i c  determinants  

s i m i l a r  to the  human IgE molecule and i t  is capab le  o f  passive  

t r a n s f e r  to  a homologous r e c i p i e n t  p e r s i s t i n g  in th e  skin  o f  t h i s  

r e c i p i e n t  f o r  a t  l e a s t  72 hours a f t e r  t r a n s f e r .



PART 4

THE PATHOLOGICAL CHANGES INDUCED IN CALVES BY INFECTION 
OR REINFECTION WITH F. HEPATICA
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INTRODUCTION AND REVIEW OF THE LITERATURE

The p a t h o lo g ic a l  changes induced by F, hep a t ica  in ruminants 

have been reviewed by T a y lo r  (1 9 6 4 ) ,  P a n t e l o u r i s  (1 9 6 5 ) ,

S i n c l a i r  (196?) end included  in th e  standard tex tbooks o f  the  

patho logy  o f  domestic an imals ( N i e b e r l e  and Cohrs I 9 6 7 , Jubb and 

Kennedy 1970) .  These d e s c r i p t io n s  have, however,  been d er iv ed  

f rom l i v e r s  recovered a t  the  a b a t t o i r s  from sheep and c a t t l e  whose 

stage o f  i n f e c t i o n  or  r e i n f e c t i o n  w i t h  F, h e p a t ic a  could  not be 

determi ned.

The d e s c r i p t i o n s  o f  the  s equent ia l  p a t h o lo g ic a l  changes 

induced by F. h ep a t ica  inc luded in these tex tb ooks  have however 

l a r g e l y  been d er iv ed  from exper imenta l  i n f e c t i o n  o f  the ra b b i t  

(Urquhart  1954 ) ,  r a t  (Thorpe I 9 6 5 ) and mouse (Dawes I 963 a , b, I 9 6 6 , 

Dawes and Hughes 1964) ,  where animals given standard i n f e c t i o n s  w it h  

F. hep a t ica  were k i l l e d  a t  r e g u la r  i n t e r v a l s  a f t e r  t h i s  i n f e c t i o n

The p r i n c i p a l  p a t h o lo g ic a l  changes induced by F, h ep at ic a  in 

the la b o r a t o r y  animals can be summarised in two phases. In the  f i r s t  

or parenchymal phase o f  the i n f e c t i o n  the  m ig ra t io n  o f  th e  immature 

f lu k e s  through th e  h e p a t ic  parenchyma r e s u l t  in haemorrhagic tu nne ls  

which a r e  e v e n t u a l l y  rep laced  by f i b r o u s  t i s s u e .  There is a lso  

d is r u p t i o n  or  thrombosis o f  blood vesse ls  in vo lved  in or hear these  

t r a c k s  w i th  subsequent haemorrhage in t o ,  or  i n f a r c t i o n  o f  areas o f  

the  parenchyma which a re  then rep laced by f i b r o u s  t i s s u e .  The e n t r y  

o f  f lu k e s  in to  the b i l e  ducts marks the second phase o f  th e  i n f e c t i o n  

c h a r a c t e r i s e d  by a severe c h o l a n g i t i s  o f  th e  p a r a s i t i s e d  b i l e  ducts 

w i t h  p r o l i f e r a t i o n  o f  both duct  e p i t h e l iu m  and the f i b r o u s  t i s s u e  o f  

the b i l e  duct w a l l .  The parenchymal le s io ns  a t t r i b u t a b l e  to  

m ig r a t in g  f lu k e s  become much less numerous during t h i s  p e r io d .  During  

the b i l e  duct  phase o f  the i n f e c t i o n  a d i f f u s e  p e r i p o r t a l  and p e r i -
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l o b u l a r  f i b r o s i s  o f  unknown e t i o l o g y  becomes superimposed on the  

f i b r o s i s  which had r e s u l t e d  from m igra to ry  damage in th e  i n i t i a l  

phase o f  the  i n f e c t i o n .

D e s c r ip t io n s  o f  the  se q u en t ia l  p a th o lo g ic a l  changes induced by 

a standard i n f e c t i o n  o f  F. hep a t ica  in p re v i o u s l y  u n in f e c t e d  c a t t l e  

k i l l e d  a t  r e g u l a r  i n t e r v a l s  a f t e r  i n f e c t i o n  have not been recorded  

in th e  l i t e r a t u r e  though r e c e n t l y  Dow e t  a 1 ( I 9 6 7 ) described  the  

p a t h o l o g ic a l  changes seen in th e  l i v e r s  o f  exper im enta l  ca lves  

k i l l e d  a t  va r io u s  i n t e r v a l s  between 3-30 weeks a f t e r  t h e i r  i n f e c t i o n  

w i th  200,  300 , 1300 , 2500 or  25 ,000  m eta c e rc a r ia e  o f  F. h e p a t i c a ,

Dow ^  ^  ( 1967 ) considered t h a t  many o f  the  les io ns  in ca lves  were  

s i m i l a r  t o  those p r e v i o u s l y  observed in th e  la b o r a t o r y  a n im a ls .  The 

v e n t r a l  lobe o f  the ruminant  l i v e r  appeared t o  be th e  prime s i t e  f o r  

th e  p e n e t r a t i o n ,  m ig r a t io n  and subsequent l o c a l i s a t i o n  in th e  b i l e  

ducts o f  th e  f l u k e s .  Dow et  a 1 ( I 9 6 7 ) described  an a r t e r i t i s  

o c c u r r in g  dur ing the  m ig r a to r y  phase o f  the  i n f e c t i o n  which al though  

i t  occurred  in areas o f  f l u k e  damage was not a p p a r e n t l y  induced by 

d i r e c t  t r a u m a t i c  dbmage and had not been p r e v i o u s ly  described  in 

i n f e c t i o n s  o f  th e  la b o r a t o r y  an im als .

The presence o f  f lu k e s  in the  b i l e  ducts o f  i n f e c t e d  c a t t l e  

r e s u l t s  in marked c h o l a n g i t i s  which e v e n t u a l l y  progresses to  

c a l c i f i c a t i o n  o f  the w a l l s  o f  these p a r a s i t i s e d  ducts.  Dow e t  a 1 ( I 9 6 7 ) 

noted t h a t  c a l c i f i c a t i o n  o f  the b i l e  ducts was obvious a t  23 weeks 

a f t e r  i n f e c t i o n .  Keck and Supperer  (19&7) rep o r ted  t h a t  c a l c i f i c a t i o n  

o f  the b i l e  ducts in f l u k e  in f e c t e d  c a t t l e  had developed by 8 -9  months 

a f t e r  i n f e c t i o n  and had f u l l y  reso lved  by 18 months a f t e r  i n f e c t i o n  w i th  

the shedding and d i s i n t e g r a t i o n  o f  the  ca lcaereous plaques and t h e i r  

e x e c r e t io n  in the  b i l i a r y  system.

The recent  d e s c r ip t i o n s  o f  Rahko (19&9, 1970)  o f  an increase  in
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th e  number o f  mast c e l l s  and g lo b u le  leuco cytes  in th e  ' b i l e  ducts 

o f  n a t u r a l l y  in f e c t e d  c a t t l e  as compared to  u n in f e c t e d  c a t t l e  is 

i n t e r e s t i n g  in view o f  th e  i m p l i c a t i o n  t h a t  th e  d ischarge  o f  

s e n s i t i s e d  mast c e l l s  is  in vo lved  in th e  immune expu ls io n  o f  

N. b r é s i l i e n s  is f rom i n f e c t e d  r a ts  as reviewed in th e  i n t r o d u c t i o n  

to Par t  3 o f  t h i s  t h e s i s .  In t h i s  context  Murray,  M i l l e r ,  J a r r e t t ,  

( 1968 ) showed th e  g lo b u le  leucocyte  to  be a p a r t i a l l y  discharged  

mast c e l l .  M i l l e r  and J a r r e t t  (1971)  reported  th e  m ig r a t io n  o f  

numerous s u b - e p i t h e l i a l  mast c e l l s  in t o  th e  i n t e s t i n a l  e p i t h e l i u m  

where they  became g lo b u le  leucocytes  during t h e  p e r io d  o f  the  

expu ls io n  o f  th e  worms from r a t s  infect^ w i th  N. bras i 1 i ens i s .

In view o f  th e  lack  o f  d e t a i l e d  in fo rm at io n  on the  sequent ia l  

p a th o l o g i c a l  changes both in th e  parenchyma and b i l e  ducts induced 

by a s tandard i n f e c t i o n  o f  F. h ep at ic a  as seen in p r e v i o u s ly  

u n in f e c t e d  c a lves  k i l l e d  a t  r e g u la r  i n t e r v a l s  a f t e r  i n f e c t i o n ,  i t  

was decided to  study th e  p a th o l o g ic a l  changes seen in th e  l i v e r s  

o f  th e  c a lv es  in Experiment 2. These ca lves  re c e iv e d  a s in g le  

i n f e c t i o n  o f  500 m e ta c e r c a r ia e  o f  F, h ep at ic a  and were k i l l e d  a t  

4 ,  8, 12, 16 , 20 and 24 weeks a f t e r  i n f e c t i o n .

D e t a i l s  o f  th e  p a th o l o g ic a l  changes as s o c ia te d  w i t h  the  

experim enta l  r e i n f e c t i o n  w i t h  F. hepat ic a  o f  p r e v i o u s l y  exper im ent ­

a l l y  in f e c t e d  animals a r e  conf in ed  to  the  rep o r t  o f  expér im entâ t  1 

r e i n f e c t i o n s  in c a t t l e  (Ross 1966a)  and th e  w h i t e  mouse (Lang I 9 6 7 ) .

Ross ( 1966a)  provided a b r i e f  d e s c r ip t i o n  o f  the  p a t h o lo g ic a l  

changes in ca lv es  r e i n f e c t e d  w i t h  300 m eta c e rc a r ia e  o f  F. he p a t ic a  

3 o r  18 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  200 m eta c e rc a r ia e  

o f  F. h e p a t i c a . Ross cons idered  t h a t  the changes seen in ca lves  

r e i n f e c t e d  3 weeks a f t e r  t h e i r  i n f e c t i o n  were s i m i l a r  to  those  seen 

in th e  co n t r o l  ca lves  which rece iv e d  on ly  th e  i n i t i a l  or  second
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i n f e c t i o n s .  The p a t h o lo g ic a l  changes seen in th e  c a lves  r e i n f e c t e d  

18 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  were cons idered  s i m i l a r  to  

those o f  an i n i t i a l  i n f e c t i o n  but t h a t  the  ' c e l l u l a r  r e a c t i o n '  

was more ra p id  and th e  f i b r o s i s  m a r g i n a l l y  more severe .  The 

h i s t o l o g i c a l  d e s c r ip t io n s  a r e  vague and i t  is d i f f i c u l t  to  see 

how comparisons could  be made w i th  s in g le  i n f e c t i o n s  o f  s i m i l a r  

d u r a t io n  because as p r e v io u s l y  descr ibed  in the  i n t r o d u c t i o n  to  

Part  1 o f  t h i s  t h e s i s  t h e r e  were no s p e c i f i c  c o n t r o l  ca lves  f o r  

e i t h e r  th e  i n i t i a l  o r  second in f e c t i o n s  k i l l e d  a t  the  same i n t e r v a l s  

as the  r e i n f e c t e d  ca lv es  in the  experiments o f  Ross ( 196 6a ) .

Lang (1967)  descr ibed  th e  h i s t o p a t h o l o g i c a 1 changes in mice 

r e i n f e c t e d  w i t h  F. h e p a t ica  a t  60 and 100 days a f t e r  a pr imary  

i n f e c t i o n  and ki l led 2-40 days l a t e r .  The s i g n i f i c a n t  d i f f e r e n c e  

in h is t o p a t h o lo g y  between th e  r e i n f e c t e d  and c o n t r o l  mice was the  

r a p i d  onset  o f  a lymphocyt ic  i n f i l t r a t i o n  o f  th e  r e i n f e c t e d  l i v e r s  

in areas  a s s o c ia te d  w i t h  p a r a s i t i c  damage as compared to  th e  

i n i t i a l l y  i n f e c t e d  c o n t ro l  l i v e r s .

In view o f  th e  lack  o f  d e t a i l e d  in fo rm at io n  o f  th e  p a th o lo g ic a l  

changes Induced by r e i n f e c t i o n  o f  ca lves  w i th  F. he p a t ic a  under 

c o n t r o l l e d  c o n d i t io n s  i t  was decided to study the  p a th o lo g ic a l  

changes induced by th e  r e i n f e c t i o n  o f  the  ca lves  in Experiment 1 

w i th  1650 m e ta c e rc a r ia e  o f  F. he p a t ic a  17 weeks a f t e r  t h e i r  i n i t i a l  

i n f e c t i o n  o f  750 m e ta c e r c a r ia e  o f  F. h ep a t ica  and the r e i n f e c t i o n  

o f  the ca lves  in Experiment 3 w i t h  1300 m e ta c e rc a r ia e  o f  F. h ep at ica  

7 o r  12 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i th  750 m e t ace rc ar iae  

o f  F. h e p a t i c a .
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MATERIALS AND METHODS

The c a lves  were stunned w i t h  a c a p t i v e  b o l t  p i s t o l ,  b led  out  

and th e  organs removed f o r  gross examinat ion .  D e t a i l s  o f  the gross 

pathology were noted and photographed. The l i v e r  was then i s o la t e d  

and sect ioned  a t  4 standard s i t e s  to  provide a c o n s is t e n t  method 

o f  examinat ion o f  a l l  the l i v e r s .  The f i r s t  se c t io n  was made 

along a l i n e  j o i n i n g  the u m b i l i c a l  f i s s u r e  and th e  v e n t r a l  end 

o f  the  oesophogeal notch.  The area below t h i s  l i n e  was considered  

t o  be the v e n t r a l  lobe and was f u r t h e r  s u b -d iv id e d  along a l i n e  

midway between th e  f i r s t  i n c i s i o n  and the t i p  o f  th e  v e n t r a l  lobe 

thus d i v i d i n g  th e  v e n t r a l  lobe in to  2 a reas .  The caudate lobe was 

then removed and the  area remaining was cons idered  t o  be th e  dorsal  

lobe.  Th is  was then sect ioned along a l i n e  2 cms. dorsal  and 

p a r a l l e l  t o  th e  common b i l e  duct to  d i v i d e  the  dorsal  lobe a lso  

in to  two a re a s .  T issue f o r  h is t o l o g y  was taken from each area be fore  

the  f l u k e s  were recovered as descr ibed  in M a t e r i a l s  and Methods o f  

p a r t  1 o f  t h i s  t h e s i s .  R ep r e s e n ta t iv e  t i s s u e s  were a ls o  taken from 

o th e r  organs.

H is to p ath o log y

Tissues  were r o u t i n e l y  f i x e d  f o r  24 -48  hours in e i t h e r  f o r m a l -  

su b l im ate  or  Carnoy's f l u i d  both prepared accord ing t o  Baker, 

S i l v e r t o n ,  Luckcock ( 1 9 6 6 ) .

T issue blocks were then trimmed,  dehydrated,  c l e a r e d  in an 

a lc oho l- am yl  a c e t a t e - c h lo r o f o r m  s e r ie s  and embedded in p a r a f f i n  wax. 

Sect ions  5 microns t h i c k  were cut  and r o u t i n e l y  s t a in e d  w i th  haemo- 

t o x y l i n  and eosin  as descr ibed  by C u l l in g  (1 9 6 3 ) .

S e le c te d  sec t io n s  were s t a in e d  f o r  co l lag e n  using th e  p ic r o  

M a l l o r y  m o d i f i c a t io n  o f  th e  M a l l o r y  t r i - c h r o m e  s t a i n s  as described  

by C u l l in g  (1 9 6 3 ) .  Mast c e l l s  were s ta in ed  in sec t io n s  from Carnoy's
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f i x e d  t i s s u e  using A s t ra  b lue  c o u n te r s ta in e d  w i t h  s a f r a n i n  0 as 

descr ib ed  by Murray aj_ (1 9 6 8 ) .
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RESULTS

1) The p a t h o lo g i c a l  changes seen a t  4 ,  8, 12, l 6 ,  20 and 24 weeks

a f t e r  th e  i n f e c t i o n  o f  p a r a s i t e  f r e e  ca lv es  w i t h  500 m e t ac erc ar iae  

o f  F. h e p a t i c a .

Four weeks a f t e r  i n f e c t i o n

a )  Gross Pathology.

A m i ld  p e r i t o n i t i s  was seen over the rumen, spleen and g r e a t e r  

omentum. The mesenter ic  lymph nodes were en la rg ed  and on sect io n  

occas iona l  small  (5-lOmm) green is h  fo c i  were found in these  nodes.

There was, on th e  serosal  su r fac e  o f  the i n t e s t i n e s ,  m u l t i p l e  small  

( l “ 2cm) green is h  ra is e d  nodules some w i th  haemorrhagic c e n t r e s .  These 

nodules were f a i r l y  even ly  d i s t r i b u t e d  throughout t h e  length  o f  the  

smal l i n t e s t i n e s  and occasional  nodules were found on the w a l l  o f  the  

rumen and caecum. The p e r i t o n i t i s  and nodules a r e  i l l u s t r a t e d  in 

p l a t e s  1 and 2,  Appendix 4 .

The l i v e r  was removed and th e  m a j o r i t y  o f  le s io n s  were v i s i b l e  

on th e  su r fa c e  o f  the caudate lobe and on the  s u r f a c e  o f  th e  v e n t r a l  

lobe below the  l i n e  o f  r e f l e c t i o n  o f  the per i toneum.  Three types o f  

l e s io n s  were p r e s e n t .  The most numerous were w h i t e  t r a c k s  

ap p ro x im a te ly  2mm broad running f o r  l -2cm along th e  s u r f a c e .  There  

was no haemorrhage ev id e n t  a t  t h e  margins o f  these  t r a c t s  and they  

had a w e l l  d e f in ed  boundary w i t h  the  h ep a t ic  parenchyma. The second 

type was a ls o  a w h i t e  t r a c k  but w i th  a haemorrhagic border  merging 

in to  a d i f f u s e  g re y is h  area 5-lOmm broad in the  surrounding parenchyma,  

in c o n t r a s t  to  the  previous les io ns  the t h i r d  type  was a small (2-5mm) 

r a is e d  honeycombed haemorrhagic a r e a .  The v i s c e r a l  su r fa c e  o f  a l i v e r  

fo u r  weeks a f t e r  i n f e c t i o n  is shown in p l a t e  3, Appendix 4 .  On sec t io n  

o f  th e  l i v e r  the  tr ac ks  on the su r fa ce  were seen to  c o n t inu e  through
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th e  h e p a t i c  parenchyma. Numerous small haemorrhagic le s io n s  were 

a ls o  found in the substance o f  the  l i v e r .  The les io n s  were most 

numerous in the d i s t a l  end o f  the  v e n t r a l  lobe.  More les ions  were  

found on sec t io n  o f  the  caudate lobe than in any e q u i v a le n t  area o f  

th e  dorsal  lobe.

D i s t e n t i o n  o f  th e  b i l e  ducts was not apparent  in any lobe,  

b) H i^ to p a th o W a y

The w h i t e  t r a c k s  found on the  sur face  and in th e  substance o f  

th e  l i v e r  appeared h i s t o l o g i c a l l y  as areas  o f  parenchymal necrosis which 

had l a r g e l y  been rep laced  by f ib r o u s  t i s s u e .  The parenchyma a t  the  

margin o f  th ese  t r a c k s  was sparse ly  I n f i l t r a t e d  w i t h  e o s in o p h i ls  and 

lymphocytes.  The second type  o f  t r a c k  w i t h  t h e  haemorrhagic border  

was seen on h i s t o l o g y  to  c o n s is t  o f  a c e n t r a l  area  o f  degenera t ing  

hepatocytes  i n f i l t r a t e d  w i th  e o s in o p h i l s ,  macrophages and lymphocytes.  

There was an area o f  haemorrhage a t  the  edge o f  t h i s  t r a c k  and the  

surrounding parenchyma was h e a v i l y  i n f i l t r a t e d  w i t h  e o s i n o p h i l s .

Recent f l u k e  t ra c k s  were on ly  seen h i s t o l o g i c a l l y  and had a c e n t r a l  

area o f  haemorrhage and d is r u p te d  parenchymal c e l l s  which co ntained  

a few e o s i n o p h i l s .  Th is  c e n t r a l  area was surrounded by degenerat ing  

parenchymal c e l l s  which were not d is r u p te d .  The p e r im e te r  o f  the  

t r a c k  was de f in e d  by an area o f  i n f i l t r a t i o n  o f  t h e  parenchyma by 

e o s in o p h i ls  and a few lymphocytes.  The small f l u k e s  found in the  

parenchyma were surrounded by an area o f  haemorrhage and h ep a t ic  

c e l l  n e c r o s is .  The parenchyma a t  the  p e r ip h e r y  o f  t h e  les io ns  was 

i n f i l t r a t e d  w i t h  e o s i n o p h i l s .  The t racks  seen on th e  s u r fa ce  and 

in the  substance o f  the  l i v e r  t h e r e f o r e  represent  f l u k e  t r a c k s  a t  

va r io u s  stages o f  r e p a i r .

The haemorrhagic le s io n s  seen on the s u r f a c e  and in the  

substance o f  the l i v e r  appeared h i s t o l o g i c a l l y  as an area  o f
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haemorrhage and i n f a r c t i o n  r e s u l t i n g  from th e  ru p tu re  o f  blood  

v e s s e ls ,  p redom inate ly  branches o f  the p o r t a l  and h e p a t ic  veins  

in vo lved  in f l u k e  t r a c k s .  Thrombosis o f  branches o f  the p o r t a l  

and h e p a t ic  v e in s  c l o s e l y  as s o c ia te d  w i t h  but not d i r e c t l y  

invo lved  in f l u k e  t ra c k s  was a ls o  a common f i n d i n g .

A marked f e a t u r e  o f  th e  h is to p a th o lo g y  a t  4  weeks a f t e r  

i n f e c t i o n  was the appearance o f  an e o s i n o p h i l i c  p h l e b i t i s  and 

thrombosis o f  th e  s m a l le r  conduct ing and a x i a l  d i s t r i b u t i n g  branches 

o f  th e  p o r t a l  ve in s  which were not d i r e c t l y  In vo lv ed  in areas of  

t r a u m a t ic  f l u k e  damage. The p h l e b i t i s  began w i t h  th e  accumulat ion  

o f  numerous e o s in o p h i ls  in the  in t ima o f  the  ve in  accompanied by 

oedema and an e o s in o ph i l  i n f i l t r a t i o n  o f  the media and a d v e n t i t i a  

o f  the  v e i n .  The e o s ino p h i l  i n f i l t r a t i o n  o f  th e  in t ima e v e n t u a l l y  

became so g r e a t  t h a t  t h e  lumen o f  the vein became occluded and the  

endothel ium d is r u p t e d .  The stages in the  development o f  t h i s  

p h l e b i t i s  a r e  shown in p l a t e s  9 -  13, Appendix 4 ,

The c o n n ec t iv e  t i s s u e  o f  th e  p o r t a l  cana ls  c o n t a i n in g  such 

thrombosed vesse ls  was a ls o  h e a v i l y  i n f i l t r a t e d  w i t h  e o s in o p h i ls  and 

lymphat ic  d i s t e n t i o n  was o bv io us .  In areas where th e  p o r t a l  veins  

were i n f i l t r a t e d  or  thrombosed the marginal  d i s t r i b u t i n g  venules in 

t h e  p e r i - p o r t a l  area became more obvious due t o  th e  i n f i l t r a t i o n  o f  

t h e  p e r i v a s c u l a r  area  w i t h  eo s in o p h i ls  and a few smal l lymphocytes 

and plasma c e l l s .  In these  areas  t h e r e  was n ec ro s is  o f  c e l l s  in the  

l i m i t i n g  p l a t e  and ad ja cen t  parenchymal c e l l s .

On occas ions t h e r e  was an e os in oph i l  i n f i l t r a t e  conf in ed  to  the  

media and a d v e n t i t i a  o f  t h e  h e p a t ic  a r t e r y  invo lved  in areas o f  f l u k e  

damage.
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Eight  weeks a f t e r  i n f e c t i o n

a)  Gross pathology;

A f t e r  t h e  abdomen was opened a d i f f u s e  p e r i t o n i t i s  was on ly  

found over some areas  o f  th e  g r e a t e r  omentum. The mesenter ic  lymph 

nodes were s t i l l  en la rged  and the  occas ional  small  g reen ish  focus was

found on s e c t io n  o f  th e  nodes.

Raised s e m i - t r a n s lu c e n t  nodules,  2-3cm in d iameter  were 

found on the serosal  su r face  o f  the  i n t e s t i n e s  in the  same regions as the  

nodules described  a t  fo u r  weeks a f t e r  i n f e c t i o n .

The m a j o r i t y  o f  th e  les io n s  v i s i b l e  were on the s u r fac e  o f

t h e  v e n t r a l  lobe.  These were haemorrhagic le s io n s  3-4mm in diameter

surrounded by a pa le  f ib r o u s  area  l -2cm wide.  A few w h i t e  t racks  

2-3mm broad were a ls o  v i s i b l e  on the  surfaces  o f  t h e  v e n t r a l  and 

caudate lobes .

The v i s c e r a l  su r fac e  o f  a l i v e r  8 weeks a f t e r  i n f e c t i o n  is 

shown in p l a t e  4 ,  Appendix 4 .

On s e c t io n  o f  the l i v e r  haemorrhagic le s io n s  3"4mm in 

diameter  were most numerous in th e  substance o f  t h e  v e n t r a l  and 

caudate  lobes .  Small f l u k e s  were recovered from some o f  the  

haemorrhagic le s i o n s .

Some major b i l e  ducts were v i s i b l e  a t  th e  v i s c e r a l  su r face  

o f  th e  v e n t r a l  lobe and d i s t e n t i o n  and f i b r o s i s  o f  th e  major ducts 

was apparent  on se c t io n  o f  the v e n t r a l  lobe.  There was a ls o  a 

d i f f u s e  f i b r o s i s  o f  the  area immediate ly surrounding th e  major b i l e  

ducts a t  t h e  d i s t a l  end o f  the lobe.  The major  b i l e  ducts lead ing  

from th e  caudate lobe through th e  dorsal  lobe were a ls o  on sect ion  

seen t o  be e n la rged  and f i b r o s e d ,

b) H il to p a th o io £ y

Recent and h e a l in g  f l u k e  t r a c k s  were present  as we l l  as 

haemorrhag ic  l e s io n s  some o f  which were being rep la ced  by areas
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o f  f ib r o u s  t i s s u e .

The e o s i n o p h i l i c  p h l e b i t i s  and thrombosis o f  th e  sm a l le r  

branches o f  the  p o r t a l  ve in  described  a t  4  weeks a f t e r  i n f e c t i o n  

had l a r g e l y  r es o lve d .  The c e l l u l a r  I n f i l t r a t e  o f  t h e  int ima had 

been rep laced  by connect ive  t i s s u e ,  the  veins had become 

recannula ted  though w i th  a much narrowed lumen. The c e l l u l a r  

I n f i l t r a t e  o f  th e  p o r t a l  t r a c t s  seen 4 weeks a f t e r  i n f e c t i o n  had 

a ls o  been rep laced  by co n nect iv e  t i s s u e  c o n t a in in g  some e o s in o p h i ls  

and mast cel  I s .

In areas o f  f l u k e  damage, predominately a t  th e  d i s t a l  end of  

th e  v e n t r a l  lobe t h e r e  was obvious p e r i p o r t a l  f i b r o s i s .

The f i b r o s i s  extended outward from the  c o n n e c t iv e  t i s s u e  o f  

th e  p o r t a l  canal in to  the p e r i p o r t a l  area as a sequel t o  necrosis  

o f  th e  hepatocytes ad jacen t  t o  th e  marginal d i s t r i b u t i n g  branches 

o f  th e  p o r t a l  v e i n .  The hepatocytes showed d e g e n e ra t iv e  changes in t h e i r  

nu c le i  and cytoplasm, lo s t  t h e i r  chord fo rm at ion  and were f i n a l l y  

e n c i r c l e d  by s trands o f  connect iv e  t i s s u e .  On occasions groups o f  

hepatocytes  were in corpora ted  in the  con n ect iv e  t i s s u e  to  form 

s t r u c t u r e s  resembling b i l e  d u c tu le s .  Numerous e o s i n o p h i l s ,  some 

lymphocytes and plasma c e l l s  were present  in these areas  o f  hepat ic  

c e l l  n ec ro s is .  The progress ion  o f  t h i s  p e r i p o r t a l  f i b r o s i s  Is 

i l l u s t r a t e d  in p l a t e s  l 4  -  20,  Appendix 4 .

The e p i t h e l i u m  o f  th e  l a r g e r  b i l e  ducts in the  v e n t r a l  and 

caudate lobes had begun to  p r o l i f e r a t e  and was thrown in to  short  

v i l l i .  The ' lamina p r o p r i a '  o f  these  v i l l i  c o n s is te d  o f  connect ive  

t i s s u e  w i th  a few e o s in o p h i l s ,  lymphocytes and mast c e l l s  p resen t .

The increase  in s i z e  o f  th e  b i l e  duct w a l ls  was t h e  r e s u l t  o f  a 

severe f i b r o s i s  o f  th e  a d v e n t i t i a  o f  these ducts.
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Twelve weeks a f t e r  i n f e c t i o n

a)  G.ros^ Efl.bo 1

There was no p e r i t o n i t i s  ev id ent  on examinat ion  o f  the  

abdominal c a v i t y  nor were any le s ions  found on th e  serosa l  

s u r fa c e  o f  t h e  i n t e s t i n e s .

The v i s c e r a l  s u r fa c e  o f  a l i v e r  12 weeks a f t e r  i n f e c t i o n  

is shown in p l a t e  5,  Appendix 4 .

Fewer haemorrhagic le s io n s  were v i s i b l e  on th e  su r face  o f  the  

v e n t r a l  lobe.

The major  b i l e  ducts were v i s i b l e  a t  th e  v i s c e r a l  s u r fa ce  

o f  th e  v e n t r a l  lobe.  The major  b i l e  ducts had an e x t e r n a l  diameter  

o f  4-5mm w i t h  w a l l s  2-3mm t h i c k .  Flukes were recovered from the  

b i l e  ducts.  There was a d i f f u s e  f i b r o s i s  o f  t h e  area  immediately  

surrounding t h e  major  b i l e  ducts and ex tending  in t o  th e  surrounding  

parenchyma o f  the v e n t r a l  lobe,  

b ) H. i _s t  o pa t  h oJo£y

The predominant h i s t o p a t h o l o g i c a 1 changes seen a t  12 weeks 

a f t e r  i n f e c t i o n  concern th e  ex tens io n  o f  th e  process o f  p e r i p o r t a l  

f i b r o s i s  and t h e  p ro g r e s s iv e  c h o l a n g i t i s  o f  the  major  b i l e  ducts .

The process o f  p e r i p o r t a l  f i b r o s i s  described  a t  8 weeks a f t e r  

i n f e c t i o n  co nt in ued  and was severes t  in the  d i s t a l  end o f  th e  v e n t r a l  

lobe where a d i f f u s e  f i b r o s i s  extended throughout t h e  parenchyma.

The p e r i p o r t a l  f i b r o s i s  in th e  remainder o f  the v e n t r a l  lobe was 

severe s t  in th e  area immediately  surrounding a p a r a s i t i s e d  b i l e  

duct .  There was l i t t l e  d i f f u s e  p e r i p o r t a l  f i b r o s i s  found in th e  

dorsa l  lobe except  in th e  areas surrounding t h e  major  b i l e  ducts 

lead in g  from th e  caudate lobe.  There was d i f f u s e  p e r i p o r t a l  

f i b r o s i s  o f  th e  caudate lobe.

The major  b i l e  ducts o f  the v e n t r a l  and caudate lobe showed 

marked e p i t h e l i a l  hypert ro phy  and v i l l u s  f o r m a t io n .  A d u l t  f l u k e
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were found in t h e  l a rg e  b i l e  ducts and in these p a r a s i t i s e d  ducts 

t h e  l i n i n g  e p i t h e l i u m  was s t r e t c h e d  and eroded in a r e a s .  E o s ino p h i ls ,  

lymphoid c e l l s  and g lo b u le  leucocytes  were found in th e  lamina p rop r ia  

and e p i t h e l i u m  o f  these ducts .  Mast c e l l s  were found in th e  

e p i t h e l i u m  and lamina p ro p r ia  o f  small  b i l e  ducts but  not in the

e p i t h e l i u m  and lamina p ro p r ia  o f  p a r a s i t i s e d  ducts.

There were occasional  areas o f  haemorrhage, thrombosis and 

i n f a r c t i o n  c o n ta in in g  a small  f l u k e  in the  parenchyma o f  the  v e n t r a l

lobe.  The margin o f  these les ions  was i n f i l t r a t e d  by numerous

eo s in o p h i ls  and some lymphoid c e l l s .

S ix teen  weeks a f t e r  in f e c t i o n

a)  £ r o s ^  £9t_h2.^2L9Y.

The o v e r a l l  shape o f  th e  l i v e r  was a l t e r e d  by a reduct ion  in 

s i z e  o f  the v e n t r a l  lobe.  Distended b i l e  ducts were obvious a t  th e  

v i s c e r a l  s u r fa c e  o f  th e  v e n t r a l  lobe.  Very few haemorrhagic les io ns  

were v i s i b l e  e i t h e r  on th e  s u r fa ce  or  on sect io n  o f  th e  l i v e r .  The 

v i s c e r a l  s u r fa c e  o f  a l i v e r  a t  l6  weeks a f t e r  i n f e c t i o n  is shown in 

p l a t e  6 ,  Appendix 4 .

The major  b i l e  ducts in th e  v e n t r a l  lobe and those lead ing  

f rom th e  caudate lobe were now 5-lOmm in diameter  w i t h  w a l l s  3-4mm 

t h i c k .  A d u l t  f l u k e s  were found in these ducts .  There was a d i f f u s e  

f i b r o s i s  o f  the  v e n t r a l  lobe which was most severe a t  the  d i s t a l  end 

o f  th e  v e n t r a l  lobe.

The b i l e  ducts in th e  dorsal  lobe w i th  the  except ion  o f  those  

l ead ing  from the  caudate lobe were not as d is tended or  f ib r o s e d  as 

those in the  v e n t r a l  lobe. There was no d i f f u s e  f i b r o s i s  o f  the  

dorsal  lobe a p a r t  f rom th e  areas as soc ia te d  w i t h  t h e  ducts leading  

f rom t h e  caudate lobe.
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The g a l l  b lad d er  was d is tended and the b i l e  a dark green

c o lo u r ,

b) ü'S.topatho_lpçLy

The h i s t o p a t h o l o g i c a 1 changes seen a t  16 weeks a f t e r  

i n f e c t i o n  were very  s i m i l a r  t o  those described  a t  12 weeks a f t e r  

i n f e c t  io n .

The p e r i l o b u l a r  f i b r o s i s  now extended throughout  most o f  the  

v e n t r a l  lobe and was severes t  a t  th e  d i s t a l  end and in th e  areas  

surrounding  the major  b i l e  ducts.  P e r i l o b u l a r  f i b r o s i s  was a ls o  

e x t e n s iv e  in the caudate lobe but was only  seen in th e  dorsal  lobe 

in areas a s s o c ia te d  w i t h  p a r a s i t i s e d  b i l e  ducts .  There were 

accumulat ions o f  lymphoid c e l l s  in the con n ec t ive  t i s s u e  o f  the  

s m a l le r  branches o f  the  p o r t a l  canal  in both dorsa l  and v e n t r a l  

lobes.

The l a r g e r  b i l e  ducts again showed e p i t h e l i a l  hyper trophy w i t h  

the fo rm at io n  o f  long v i l l i .  The lamina p ro p r ia  o f  these v i l l i  

co n ta in ed  some e o s in o p h i l s ,  lymphocytes and an occas iona l  g lo b u le  

l eu co cy te .  A du l t  f lu k e s  were found in the  major b i l e  ducts  

p redom inate ly  in the  v e n t r a l  lobe and in some areas  were resp o n s ib le  

f o r  the complete e ros ion  o f  the  b i l i a r y  e p i t h e l i u m .

Mast c e l l s  were again found in the e p i t h e l i u m  o f  smal l and 

medium s ize d  b i l e  ducts but not in the  p a r a s i t i s e d  ducts .

Twenty weeks a f t e r  i n f e c t i o n ,

a )  Gross Pathology

The shape o f  the l i v e r  was a l t e r e d  by a f u r t h e r  reduct ion  in 

s i z e  o f  the v e n t r a l  lobe and th e  dorsal lobe was s l i g h t l y  en larged  

w i t h  rounded edges.

F i b r i n  tags were found on the  p a r i e t a l  s u r f a c e  o f  the v e n t r a l
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lobe.  Large d is tended b i l e  ducts were obvious on the  v i s c e r a l  

s u r fa c e  o f  th e  lobe .  The v i s c e r a l  su r face  o f  a l i v e r  20 weeks 

a f t e r  i n f e c t i o n  is shown in p l a t e  7, Appendix 4.

The v e n t r a l  lobe was f i r m  t o  th e  touch and t h e r e  was a 

d i f f u s e  f i b r o s i s  o f  the e n t i r e  lobe which increased in s e v e r i t y  

towards i t s  d i s t a l  end. The major  b i l e  ducts in th e  v e n t r a l  

lobe were now 10-20mm in d iam eter  w i th  w a l l s  6-8mm t h i c k  and 

o f f e r e d  c o n s id e ra b le  re s is t a n c e  to  sec t io n  w i t h  a s c a l p e l .  The 

l a r g e r  b i l e  ducts had areas o f  c a l c i f i c a t i o n  in t h e i r  w a l l s  and 

on sec t io n  b la c k  g r i t t y  m a t e r i a l  was found f r e e  in the  lumen as 

were a d u l t  f l u k e s .

On se c t io n  o f  th e  dorsal lobe the b i l e  ducts le ad in g  from 

th e  caudate lobe were found to  be dis tended  w i t h  areas  o f  c a l c i ­

f i c a t i o n  in t h e i r  w a l l s .  The o t h e r  major b i l e  ducts in the dorsal  

lobe were d is tended  w i th  a d iameter  o f  3 - 4  mm and w a l l s  2-3mm t h i c k  

but no c a l c i f i c a t i o n  and few f l u k e s  were found in these  ducts.

D i f f u s e  f i b r o s i s  o f  the  dorsal  lobe was o n ly  apparent  in the areas  

surrounding  th e  major  b i l e  ducts lead ing  from th e  caudate lobe.

The caudate lobe however showed a marked r e s is t a n c e  to  sec t io n  

and had a severe d i f f u s e  f i b r o s i s  w i th  d is tended and c a l c i f i e d  b i l e  

ducts in i t s  substance.

The g a l l  b la dder  was en la rged  and the  b i l e  a g r e e n is h -  

b la c k  c o lo u r ,

b) Hi s topatho logy

The p e r i l o b u l a r  f i b r o s i s  is s i m i l a r  in e x t e n t  t o  t h a t  

described  a t  16 weeks a f t e r  i n f e c t i o n .  The process o f  h e p a t ic  c e l l  

n ecros is  and subsequent f i b r o s i s  was however much less obvious and 

c o n f in ed  t o  th e  bad ly  damaged areas  o f  the v e n t r a l  and caudate lobes.  

D is c r e t e  accumulat ions o f  lymphoid c e l l s  were found in th e  sm a l le r
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p o r t a l  canals a d ja c e n t  to  th e  small  b i l e  ducts.

The most o u ts tand in g  h i s t o p a t h o l o g i c a 1 changes e v id e n t  at  

t h i s  t im e were seen in the medium and l a r g e  b i l e  ducts.  The 

lamina p r o p r ia  o f  these ducts co nta ined  la rg e  numbers o f  lymphocytes 

and e o s in o p h i l s .  Numerous g lo b u le  leucocytes were present  both in 

th e  lamina p r o p r ia  and between th e  e p i t h e l i a l  c e l l s  o f  these ducts.  

This c e l l u l a r  r e a c t io n  occurred  not on ly  in v i s i b l y  p a r a s i t i s e d  

ducts but a ls o  in medium s iz e d  a p p a re n t ly  u n in f e c t e d  ducts .  The 

changes in b i l e  duct mast c e l l / g l o b u l e  leucocyte  popu la t io n s  a re  

shown in p la t e s  21 -  28,  Appendix 4.

There was f i b r o s i s  and c a l c i f i c a t i o n  on areas o f  th e  lamina 

p ro p r ia  o f  the  l a r g e r  p a r a s i t i s e d  b i l e  ducts.

Twenty fo u r  weeks a f t e r  i n f e c t i o n  

a ) G rp^s _^P t̂ hp]oc[y

The l i v e r  was s i m i l a r  in appearance to  t h a t  descr ibed  a t  

20 weeks a f t e r  i n f e c t i o n  w i th  a severe d i f f u s e  f i b r o s i s  o f  the  

v e n t r a l  and caudate lobes.  There was marked c a l c i f i c a t i o n  o f  the  

major b i l e  ducts in these lobes.  The v i s c e r a l  s u r fa c e  o f  a l i v e r  

24 weeks a f t e r  i n f e c t i o n  is shown in p l a t e  8, Appendix 4 ,

F ib r o s is  o f  the  dorsal  lobe was co n f in ed  t o  the  area  

surrounding the  major  p a r a s i t i s e d  ducts lead ing from th e  caudate  

lobe.

The g a l l  b ladder  was d is tended  w i th  g r e e n i s h - b l a c k  b i l e  and 

o c c a s io n a l l y  conta ined  d i s i n t e g r a t i n g  f l u k e s ,

b) H 'ltg p a th ^ o lo g .y

The h is t o p a t h o l o g i c a l  changes were in general  s i m i l a r  to  

those seen in prev ious months.

There was sever  d i f f u s e  p e r i p o r t a l  f i b r o s i s  o f  the v e n t r a l
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and caudate lobes .  At t h i s  stage  o f  the  i n f e c t i o n  however, the  

a c t i v e  process o f  h e p a t ic  c e l l  n ecros is  and f i b r o s i s  had a l l  but  

ceased except  in badly damaged areas  o f  the v e n t r a l  lobe.

Large areas  o f  th e  lamina p ro p r ia  o f  th e  major  b i l e  ducts 

in th e  v e n t r a l  and caudate lobes were f i b r o s e d  and c a l c i f i e d .  The 

lamina p r o p r i a  remaining was h e a v i l y  i n f i l t r a t e d  w i t h  lymphocytes 

and e o s in o p h i l s .  Numerous g lo b u le  leucocytes were found in the  

e p i t h e l i u m  and lamina p ro p r ia  o f  th e  p a r a s i t i s e d  b i l e  ducts,

2)  The p a t h o l o g i c a l  changes r e s u l t i n g  from r e i n f e c t i o n  o f  ca lves  

w i t h  F. h e p a t i c a.

a )  Gross Pathology.

The l i v e r s  o f  the  r e i n f e c t e d  ca lves  were more se v e re ly  

f i b r o s e d  than the  l i v e r s  o f  the  co n t ro l  ca lves  a t  e q u iv a l e n t  stages  

o f  e i t h e r  the  f i r s t  o r  second i n f e c t i o n s .  The f i b r o s i s  o f  the  

v e n t r a l  lobe o f  th e  r e i n f e c t e d  l i v e r s  was accompanied by some 

hypert rophy o f  th e  dorsal  lobe.  These changes were most e v id e n t  in 

th e  l i v e r s  o f  th e  ca lves  in Experiment 1 r e i n f e c t e d  w i t h  I 65O 

m e ta c e r c a r ia e  o f  F. hep a t ica  I 7 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  

o f  750 m e ta c e r c a r ia e  o f  F. h ep a t ica  and k i l l e d  13 weeks l a t e r .  In 

these l i v e r s  th e  v e n t r a l  lobe was very  small and was l a r g e l y  composed 

o f  f i b r o u s  t i s s u e  w i t h  c a l c i f i e d  b i l e  ducts in i t s  substance w h i l e  

th e  dorsal  lobe had h yp e r t r o p h ie d  t o  the  e x te n t  t h a t  th e  long a x is  

o f  th e  l i v e r  was in a t ra n s v e r s e  p lane instead  o f  t h e  usual dorso-  

v e n t r a l  p lane .  These changes as compared to  c o n t r o l  1 ivers  a re  

shown in p l a t e s  29 -  32,  Appendix 4.  There was a ls o  a d i f f u s e  

f i b r o s i s  e v id e n t  In th e  dorsal  lobe o f  these  l i v e r s  which was not  

present  in th e  l i v e r s  o f  the  c o n t ro l  c a lv e s .
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The l i v e r s  o f  th e  ca lv es  in Experiment 3 r e i n f e c t e d  w i th  

1300 m e ta c e r c a r ia e  o f  F. hep a t ica  7 or  12 weeks a f t e r  t h e i r  

i n i t i a l  i n f e c t i o n  w i t h  750 m e t ac erc ar iae  o f  F. h e p a t ic a  and 

k i l l e d  8 o r  13 weeks l a t e r  were a ls o  more s e v e r e ly  f ib r o s e d  

e s p e c i a l l y  in th e  v e n t r a l  lobe than the l i v e r s  o f  th e  e q u iv a le n t  

c o n tro l  ca lves  but were not as s e v e re ly  f ib r o s e d  as t h e  l i v e r s  

from t h e  ca lves  in Experiment 1.

Honeycombed haemorrhagic les io ns  were found on the  

su r fa c e  and in the  substance o f  the l i v e r s  o f  both groups o f  

c a lves  in Experiment 3 r e i n f e c t e d  7 weeks a f t e r  t h e i r  i n i t i a l  

i n f e c t i o n  and in the l i v e r s  o f  ca lves  s u c c e s s f u l l y  t r e a t e d  w it h  

a n t h e l m i n t i c  p r i o r  to  r e i n f e c t i o n  in Experiment 2 a t  12 weeks a f t e r  

t h e i r  i n i t i a l  i n f e c t i o n .  Haemorrhagic les io ns  were a ls o  found in

th e  l i v e r s  o f  the  ca lv es  in Experiment 1 which were s u c c e s s f u l l y

t r e a t e d  w i t h  a n t h e l m i n t i c  p r i o r  to  t h e i r  r e i n f e c t i o n  17 weeks a f t e r  

t h e i r  i n i t i a l  I n f e c t i o n .  These honeycombed haemorrhagic les io ns  

were l a r g e r  (15"25mm) than those seen in the  pr im ary  i n f e c t i o n s ,  

co n ta in e d  l i v e  or  d i s i n t e g r a t i n g  f lu k e s  and were found predomin ate ly  

in th e  v e n t r a l  lobe.  Haemorrhagic les io ns  were found on two 

occasions o n ly  in th e  l i v e r s  o f  th e  8 ca lves  in Experiment 1 and 3 

which were r e i n f e c t e d  in the presence o f  the o r i g i n a l  i n f e c t i o n ,

b) üi^topa.thpJjDg.i£aJ_ £,h£nge£

The h i s t o p a t h o l o g i c a 1 changes observed in th e  l i v e r s  o f  the  

co n t r o l  c a lv es  which re c e ive d  o n ly  the  i n i t i a l  i n f e c t i o n  o f  750 

m eta c e rc a r ia e  o f  F. h ep a t ica  and were k i l l e d  20 o r  30 weeks l a t e r  

were s i m i l a r  to  those a l r e a d y  descr ibed  in th e  prev ious  r e s u l t s  o f  

ca lves  k i l l e d  20 or  24 weeks a f t e r  t h e i r  i n f e c t i o n  w i t h  500 meta­

c e r c a r i a e  o f  F. h e p a t i c a . There was a d i f f u s e  p e r i p o r t a l  f i b r o s i s  

o f  the  v e n t r a l  and caudate lobes and b i l e  duct d i s t e n t i o n  w i th
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c a l c i f i c a t i o n  o f  areas  o f  th e  lamina p ro p r ia  o f  th ese  ducts.  There  

was l i t t l e  p e r i p o r t a l  f i b r o s i s  In the  dorsal lobe except  In the  

area surrounding  the b i l e  ducts lead ing  from the  caudate lobe.  The 

process o f  p e r i p o r t a l  f i b r o s i s  was c o n t in u in g  o n ly  in badly damaged 

areas o f  th e  v e n t r a l  and caudate lobes.

The h is t o p a t h o l o g i c a l  changes in the l i v e r s  o f  th e  co n t ro l  

ca lv es  which rec e iv e d  e i t h e r  1300 or  1750 m e ta c e r c a r ia e  and were  

k i l l e d  8-13  weeks l a t e r  were more e x te n s iv e  but o f  t h e  same n a tu re  

as those p r e v io u s l y  descr ibed  in th e  ca lves  k i l l e d  8 and 12 weeks 

a f t e r  i n f e c t i o n  w i t h  500 m e t ace rc ar iae  o f  F. h e p a t l c a . There was 

f i b r o s i s  o f  the  v e n t r a l  and caudate lobes as the  r e s u l t  o f  both h e a l in g  

o f  f l u k e  t r a c k s  and haemorrhagic les io ns  p e r i p o r t a l  f i b r o s i s  o f  areas  

surrounding  th e  d is tended  and f i b r o s e d  b i l e  ducts in th ese  lobes.

There was a p red o m in ate ly  eo s in o p h i l  i n f i l t r a t e  in th e  areas o f  

p e r i p o r t a l  h e p a t ic  c e l l  necros is  and f i b r o s i s .  There was l i t t l e  

f i b r o s i s  in the dorsal  lobe a p a r t  from the area  surrounding the  

f i b r o s e d  and en la rg ed  b i l e  ducts lead ing  from the  caudate lobe.

A severe d i f f u s e  f i b r o s i s  was found in the  v e n t r a l  and 

caudate lobes o f  the r e i n f e c t e d  c a lv e s .  The d i f f u s e  f i b r o s i s  had 

l a r g e l y  rep laced  the parenchyma in the v e n t r a l  lobe o f  the  ca lves  

in Experiment 1 r e i n f e c t e d  17 weeks a f t e r  t h e i r  i n f e c t i o n  and la rge  

areas  o f  th e  v e n t r a l  lobe c o n s is ted  o f  f i b r o u s  t i s s u e  i n f i l t r a t e d  

w i th  e o s i n o p h i l s ,  lymphocytes and mast c e l l s .  Areas o f  p e r i p o r t a l  

f i b r o s i s  were found in the dorsal  lobes o f  the  l i v e r s  o f  the  

r e i n f e c t e d  ca lv es  in areas a p p a r e n t ly  u n r e la te d  to  f l u k e  damage 

o r  p a r a s i t i s e d  b i l e  ducts .  Th is  f i b r o s i s  was th e  r e s u l t  o f  the  

r e a c t i v a t i o n  and ex tens ion  o f  th e  p e r i p o r t a l  f i b r o s i s  induced by th e  

i n i t i a l  i n f e c t i o n .  The process o f  p e r i p o r t a l  h e p a t ic  c e l l  necros is  

and f i b r o s i s  in the r e i n f e c t e d  l i v e r s  was however as s o c ia te d  w i th  a
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predom in ate ly  lymphocyte i n f i l t r a t i o n  a l though some e o s in o p h i ls  

and plasma c e l l s  were a ls o  present  In these a re a s .  This process  

o f  p e r i p o r t a l  f i b r o s i s  in the  r e i n f e c t e d  l i v e r s  as compared to  

the  c o n t ro l  l i v e r s  is shown in p la t e s  33 -  37» Appendix 4 .

Focal accumulat ion o f  lymphocytes were commonly found In the  

p o r t a l  canals in areas  o f  f i b r o s i s  and I s o l a t e d  accumulat ions  o f  

lymphoid c e l l s  were o c c a s io n a l l y  found in the parenchyma o f  the  

l i v e r s  o f  th e  r e i n f e c t e d  c a lv e s .

The la r g e  haemorrhagic les io ns  found on gross examinat ion  

o f  the l i v e r s  o f  th e  ca lv es  whose i n i t i a l  i n f e c t i o n  had been removed 

w ith  a n t h e l m i n t i c  p r i o r  to  r e i n f e c t i o n  a t  e i t h e r  12 o r  17 weeks a f t e r  

i n f e c t i o n  and in the l i v e r s  o f  ca lves  r e i n f e c t e d  7 weeks a f t e r  t h e i r  

i n i t i a l  i n f e c t i o n  appeared h i s t o l o g i c a l l y  as areas  o f  h e p a t ic  c e l l  

n e c r o s is ,  thrombosis and haemorrhage surrounding a f l u k e .  There  

was a marked lymphoid i n f i l t r a t i o n  o f  the h e p a t ic  parenchyma a t  the  

margin o f  these  le s io n s .

The h i s t o p a t h o l o g i c a 1 changes in the  b i l e  ducts o f  th e  

i n f e c t e d  ca lv es  were s i m i l a r  t o  those described in th e  co n t ro l  ca lves  

k i l l e d  a t  20 and 30 weeks a f t e r  t h e i r  i n f e c t i o n  w i t h  750 m e tace rc ar iae  

o f  F. h e p a t l c a .
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DISCUSS ION

The sequence o f  p a th o lo g ic a l  changes induced by a standard  

s i n g l e  c h a l le n g e  o f  500 m e tace rc ar ia e  o f  F. h ep a t ica  can now be 

summarised in r e l a t i o n  to  the  stage o f  i n f e c t i o n  w i t h  th e  p a r a s i t e .

The les io ns  as s o c ia te d  w i t h  th e  m igra t io n s  o f  th e  immature 

f l u k e s  in th e  h e p a t ic  parenchyma appeared predominantly'/ in the  

v e n t r a l  and t o  a le s s e r  e x ten t  caudate lobes and were a t  a 

maximum between 4 and 8 weeks a f t e r  i n f e c t i o n .

The f l u k e  t r a c t s  were c h a r a c t e r i s e d  by areas  o f  haemorrhage,  

n e c r o s i s , i n f a r c t i o n .  There was a ls o  a p r o l i f e r a t i v e  p h l e b i t i s ,  

w i th  marked eos in op h i l  i n f i l t r a t i o n  In the in t im a ,  media and 

lamina p r o p r i a ,  o f  branches o f  th e  p o r ta l  v e in .  The r e p a i r  o f  

th e  t r a u m a t ic  damage involved replacement f i b r o s i s  and some p e r i ­

p o r t a l  f i b r o s i s  was a ls o  seen to  develop a t  t h i s  t im e .  Th is  p e r i ­

p o r t a l  f i b r o s i s  d id  not appear t o  be d i r e c t l y  r e l a t e d  to  t r a u m a t ic  

damage but was in some areas as s o c ia te d  w i th  th e  p r o l i f e r a t i v e  

p h l e b i t i s  o f  r a d i c l e s  o f  the p o r t a l  ve in .

The p e r i p o r t a l  f i b r o s i s  o f  th e  caudate and v e n t r a l  lobes then 

increased between 8-20 weeks a f t e r  i n f e c t i o n .  T h is  f i b r o s i s  

r e s u l t e d  in a reduct ion  in s i z e  o f  the  caudate and v e n t r a l  lobe  

whereas l i t t l e  p a th o lo g ic a l  change was seen in th e  dorsal lobe 

except f o r  a s l i g h t  hyper trophy between 16-20 weeks a f t e r  i n f e c t i o n .  

The process o f  p e r i p o r t a l  necrosis and f i b r o s i s  had ceased in a l l  

but th e  bad ly  damaged areas o f  th e  v e n t r a l  lobe by 24 weeks a f t e r  

i n f e c t  i on .

At  8 weeks a f t e r  i n f e c t i o n  th e  f i r s t  f lu k e s  were found in the  

b i l e  ducts .  The presence o f  the  f lu k e s  in th e  b i l e  ducts was 

a ss oc ia te d  w i t h  marked e p i t h e l i a l  hypersp las ia  and a sparse  

i n f i l t r a t i o n  o f  the e p i t h e l i u m  and a d v e n t i t i a  w i t h  e o s in o p h i l s .
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lymphocytes and g lo b u le  leucocytes. At  20 and 24 weeks a f t e r  

i n f e c t i o n  l a rg e  numbers o f  lymphocytes and g lo b u le  leucocytes  

were found in the  e p i t h e l iu m ,  lamina p ro pr ia  and a d v e n t i t i a  o f  

these  ducts.  Areas o f  c a l c i f i c a t i o n  were a ls o  e v id e n t  in the  

lamina p ro p r ia  o f  the major b i l e  ducts in the  v e n t r a l  and 

caudate lobes both on gross and h i s t o l o g i c a l  examinat ion a t  

20 weeks a f t e r  i n f e c t i o n .  Th is  c a l c i f i c a t i o n  had become much 

more e x t e n s iv e  by 24 weeks a f t e r  i n f e c t i o n .

The s eq u en t ia l  p a th o lo g ic a l  changes descr ibed  in the  l i v e r s  

o f  ca lv es  in f e c t e d  w i th  F. h ep at ica  w ith  the  except ion  o f  the  

p r o l i f e r a t i v e  p h l e b i t i s  and c a l c i f i c a t i o n  o f  th e  b i l e  ducts were 

in general  s i m i l a r  t o  those seen in exper imental  f a s c i o l i a s i s  of  

the  l a b o r a t o r y  animals (Urquhart  1955, Thorpe 1965, Dawes 1963 a ,  b, 

1966 , Dawes and Hughes 1964 ) .  Dow e_t ^  (1967)  d id  not d escr ib e  

t h e  occurrence o f  a p r o l i f e r a t i v e  p h l e b i t i s  in t h e  l i v e r s  o f  

ca lves  e x p e r i m e n t a l l y  i n f e c t e d  w i th  F, hepat ica  but i l l u s t r a t e d  

however what was termed an e n d a r t e r i t i s  w i th  eo s in o p h i l  i n f i l t r a t i o n  

and in t im a i  f i b r o s i s  which bears a remarkable s i m i l a r i t y  to  the  

p r o l i f e r a t i v e  les io n s  seen in th e  p o r t a l  ve ins in t h i s  exper iment.

In t h i s  context  i t  is i n t e r e s t i n g  t o  note t h a t  Hussein (1971)  

has a ls o  described  and i l l u s t r a t e d  a p r o l i f e r a t i v e  p h l e b i t i s  o f  th e  

s m a l le r  branches o f  the p o r ta l  ve in  in th e  l i v e r s  o f  ca lv es  

e x p e r i m e n t a l l y  in f e c t e d  w i th  another  trematode p a r a s i t e  

Schistosoma b o v i s . The e t i o l o g y  o f  t h i s  p r o l i f e r a t i v e  p h l e b i t i s  w i th  

eosin oph i l  i n f i l t r a t i o n  as s o c ia te d  w i th  i n f e c t i o n  by F. h ep at ica  and 

S. bovis  is however u n c le a r .  Hussein (1971)  cons idered  t h a t  the  

presence o f  l a r g e  numbers o f  eo s in o p h i ls  in the  w a l l s  o f  th e  a f f e c t e d  

veins  may have in d ic a t e d  t h a t  the les ion  was due t o  an a l l e r g i c  

r e a c t io n  to  f o r e ig n  p r o t e i n s  re le ased  by th e  p a r a s i t e  but did not
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develop t h i s  hypothesis f u r t h e r .

Eos inophi ls  have long been ass oc ia te d  w i t h  mast c e l l  

d is r u p t i o n  and h is ta m in e  r e le a s e  (Archer and Feldberg 1963) but  

i t  has r e c e n t l y  been shown t h a t  in both th e  guinea p ig  (Kay,  

S te n s c h u l te ,  Austen 1971) and man (Kay and Austen 1971) th e  

re a c t io n  o f  a n t ig en  w i t h  r e a g l n ic  ant ibody  in s e n s i t i s e d  t i s s u e  

mediated th e  re a c t io n  o f  a s p e c i f i c  e o s in oph i l  chemotact ic  f a c t o r  

d i s t i n c t  f rom th e  vas o a c t iv e  amines.  Eos inophi ls  have a ls o  been 

shown t o  be a t t r a c t e d  t o  and resp o n s ib le  f o r  th e  phagocytosis of  

both so lu b le  and in s o lu b le  a n t ig e n - a n t ib o d y  complexes w i t h  

subsequent l y s i s  o f  the  eo s inoph i l  granules  (Archer 1969, Archer ,  

Nelson,  Johnston 1969) .  The presence o f  the e o s in o p h i ls  in the  

in t im a ,  media and a d v e n t i t i a  o f  these  veins a t  a t im e  when p r e c i p i t i n s  

and reag ins to  f l u k e  a n t ig en s  have been shown t o  be present  in these  

ca lves  may t h e r e f o r e  in d i c a t e  t h e  involvement o f  some immunological  

mechanisms in the development o f  t h i s  p h l e b i t i s .

One o f  the most s t r i k i n g  f in d in g s  in t h i s  study was the  

increase  in th e  numbers o f  g lo b u le  leucocytes found In th e  p a r a s i t i s e d  

and n o n - p a r a s i t i s e d  b i l e  ducts a t  20 and 24 weeks a f t e r  i n f e c t i o n .

This conf irms th e  f i n d i n g  by Rahko (1971)  o f  l a r g e  numbers o f  mast 

c e l l / g l o b u l e  leucocytes in the  b i l e  ducts o f  n a t u r a l l y  in f e c t e d  

c a t t l e .  The r i s e  in the  mast c e l l /  g lobu le  leucocyte  po p u la t io n  

which occurred  between 16 -24 weeks a f t e r  i n f e c t i o n  c o in c id in g  w it h  

t h e  p e r io d  o f  reduced b i o l o g i c a l  a c t i v i t y  o f  the f lu k e s  and t h e i r  

eventual  expuls ion  from th e  b i l e  ducts is remarkably s i m i l a r  to  

t h a t  seen dur ing the immune expu ls io n  o f  N. bras i 1 i e ns Is  from 

i n f e c t e d  r a ts  ( M i l l e r  and J a r r e t t  1971) .

The most s i g n i f i c a n t  change induced by the  r e i n f e c t i o n  o f  

ca lv es  was an increase  in the amount o f  p e r i p o r t a l  f i b r o s i s  present
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în th ese  l i v e r s .  The p a t h o lo g ic a l  changes a s s o c ia t e d  w i th  

p e r i p o r t a l  f i b r o s i s  o f  bovine f a s c i o l i a s i s  a re  s i m i l a r  to  those  

described  in c e r t a i n  human h e p a t ic  diseases which a r e  thought to  

have an autoimmune b a s is .  These inc lude  a c t i v e  c h ron ic  h e p a t i t i s ,  

pr im ary  b i l i a r y  c i r r h o s i s ,  and p o s s ib ly  c ryp to g en ic  c i r r h o s i s .

There is c o n s id e r a b le  o v e r la p  in the  h i s t o l o g i c a l  f i n d in g s  in each 

o f  these  c o n d i t io n s  (deGroote,  Desmet, G e d i g k e t  a_l_ I 9 6 8 , Scheure I 967 

1971 ; Popper 1971 ) .  I t  has been hypothesised (Doniach and Walker  19&9) 

t h a t  a s i n g l e  process r e l a t e d  to  autoimmunity may damage hepatocytes  

or  b i l e  ductu les  and depending on which is the more s e v e re ly  a f f e c t e d  

th e  c o n d i t i o n  w i l l  progress as a h e p a t i t i s  or b i l i a r y  c i r r h o s i s .

These 'autoimmune' c i r r h o t i c  condi t ion/ ;  in man a re  accompanied 

by th e  appearance o f  c i r c u l a t i n g  a n t ib o d ie s  a g a in s t  t i s s u e  an t ig ens  

d e r iv e d  from m ito ch o n d r ia ,  b i l e  ductu les or  smooth muscle c e l l s .

Despite  in t e n s i v e  i n v e s t i g a t i o n s  in to  the  pathogenes is  o f  these  

c o n d i t io n s  (Gadjuseck 1958, Glynn and Holbrow 19&5, Doniach 1970,

Smith and W i l l i a m s  1971) t h e r e  is as yet  l i t t l e  agreement on the  

mechanisms invo lv ed  in th e  pathogenesis o f  t h e s e - c o n d i t i o n s .  The 

r o l e  o f  the  t i s s u e  a n t i b o d i e s  in th e  pathogenesis  o f  t h e  f i b r o s i s  

is  u n c e r t a in  and t h e r e  a re  o n ly  two rep o r ts  (Dodd, B l g l e y ,  Geyer et  a 1 

1962 , Dobias and Balzas 19&7) o f  th e  induct ion  o f  c i r r h o t i c  changes 

by t h e  p ass ive  a d m i n i s t r a t i o n  o f  homologous or  he te ro logous  a n t i s e r a  

ra is e d  a g a in s t  l i v e r  c o n s t i t u e n t s .  More r e c e n t l y ,  however,  

exper im enta l  evidence  has been repor ted  (Smith,  Eddleston,  W i l l i a m s ,  

1971 , Smith,  Gold ing,  M i l l e r  e t  aj_ 1971, MacLaurin 1971) which 

would appear to  i m p l i c a t e  c e l l  mediated immunity in the  pathogenesis  

o f  th ese  d is eases .

I t  is  p o s s ib le  t h a t  the  t r a u m a t ic  damage i n f l i c t e d  by th e  f lu k e s  

dur ing t h e i r  sojourn in t h e  l i v e r  may re le a s e  sequestered or  m o d i f ied
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h e p a t ic  an t ig e n s  capab le  o f  inducing an immunological response 

d i r e c t e d  a g a in s t  l i v e r  t i s s u e s .  I t  may even be t h a t  i f  a system 

o f  minimal a n t i g e n i c  d i s p a r i t y  occurs between t h e  p a r a s i t e  and the  

host as discussed e a r l i e r  in t h i s  t h e s i s  t h a t  an immunological  

response d i r e c t e d  a g a in s t  some p a r a s i t i c  an t ig e n s  may cross react  

w i t h  some h e p a t i c  a n t ig e n s .  The pathogenesis o f  t h e  p e r i p o r t a l  

f i b r o s i s  found in f l u k e  in f e c t e d  animals  is t h e r e f o r e  u n c e r ta in  

and i n v e s t i g a t i o n  o f  a p o s s ib le  'autoimmune' mechanism may prov ide  

some e x p la n a t io n  f o r  t h i s  process.

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  o f  th e  p a t h o l o g i c a l  changes 

induced by F. hep a t ica  i n f e c t i o n s  in ca lves  show t h a t  t h e r e  is 

c o n s id e r a b le  ev idence  o f  an immunological re a c t io n  to  th e  presence  

o f  t h e  p a r a s i t e s  in th e  b i l e  ducts over the  p e r io d  when the  f lu k e s  

show evidence  o f  reduced b i o l o g i c a l  a c t i v i t y  and t h e i r  subsequent  

e l i m i n a t i o n  from th e  b i l e  ducts .

The d i f f u s e  p e r i p o r t a l  f i b r o s i s  r e s u l t i n g  from a pr imary  

i n f e c t i o n  o f  F. h e p a t lc a  is markedly exacerbated  by r e i n f e c t i o n  

w i t h  t h i s  p a r a s i t e  and t h i s  process o f  p e r i p o r t a l  f i b r o s i s  appears  

to  have c h a r a c t e r i s t i c s  in common w i t h  the  so c a l l e d  'autoimmune'  

c i r r h o t i c  c o n d i t i o n s  in man.
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SUMMARY

The sequence o f  p a th o lo g ic a l  changes induced by a s in g le  

I n f e c t i o n  o f  500 m e t ace rc ar iae  o f  F. hepat ica  was s tu d ie d  in the  

l i v e r s  o f  ca lves  k i l l e d  4 ,  8, 12, 16, 20 and 24 weeks a f t e r  

i n f e c t  i on .

The t r a u m a t ic  les io ns  r e s u l t i n g  from the m ig r a to r y  a c t i v i t i e s  

of the  immature f lu k e s  were found predominant ly  in th e  parenchyma o f  

t h e  v e n t r a l  and caudate lobes and were most numerous 4 - 8  weeks a f t e r  

i n f e c t i o n .  A p r o l i f e r a t i v e  p h l e b i t i s  o f  r a d i c l e s  o f  t h e  p o r t a l  ve in  

was a ls o  observed a t  t h i s  t ime a p p a re n t ly  u n r e l a t e d  t o  t ra u m a t ic  

damage and an immunological mechanism may be im p l i c a t e d .

Flukes were f i r s t  found in the b i l e  ducts a t  8 weeks a f t e r  

i n f e c t i o n .  The presence o f  th e  p a r a s i t e s  in the  b i l e  ducts r e s u l t e d  

in a marked b i l i a r y  e p i t h e l i a l  h y p e rp la s ia .  At  20 and 24 weeks 

a f t e r  i n f e c t i o n  during th e  p e r io d  when the  f lu k e s  were being  

e x p e l l e d  from the b i l e  ducts numerous e o s i n o p h i l s ,  lymphocytes and 

g lo b u le  leucocytes were found in the  e p i t h e l i u m  and lamina p ro p r ia  

o f  th e  ducts.  C a l c i f i e d  areas were apparent  in th e  w a l l s  o f  

p a r a s i t i s e d  b i l e  ducts a t  24 weeks a f t e r  i n f e c t i o n .

The p e r io d  between 8-20 weeks a f t e r  i n f e c t i o n  was 

c h a r a c t e r i s e d  by the development o f  a d i f f u s e  p e r i p o r t a l  f i b r o s i s  

found predominan t ly  in th e  parenchyma o f  the v e n t r a l  and caudate  

lobes.  This process o f  p e r i p o r t a l  f i b r o s i s  was markedly exacerbated  

by r e i n f e c t i o n  as was seen in the  l i v e r s  o f  c a lves  r e i n f e c t e d  7, 12 

o r  17 weeks a f t e r  an i n i t i a l  i n f e c t i o n  of  750 m eta c e rc a r ia e  of  

F. h e p a t i c a .

The h i s t o p a t h o l o g i c a l  changes a sso c ia te d  w i t h  t h i s  p e r i p o r t a l  

f i b r o s i s  o f  bovine f a s c i o l i a s i s  were s i m i l a r  t o  those descr ibed  in
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c e r t a i n  human h e p a t ic  diseases thought to  have an autoimmune 

basis and a s i m i l a r  immunological mechanism may be respons ib le  

f o r  the c i r r h o s i s  o f  bovine f a s c i o l i a s i s .



CONCLUSIONS



1 6 8

CONCLUSIONS

The o b je c t  o f  t h i s  th e s is  as de f ined  in th e  i n t r o d u c t io n  

was to  i n v e s t i g a t e  and d e f in e  the  pos s ib le  occurrence  o f  an 

ac q u i red  re s is t a n c e  in p a r a s i t e  f r e e  ca lves  to  exp er imen tal  

i n f e c t i o n  w i t h  F. h ep at ica  and then i f  such a r e s is t a n c e  

e x i s t e d  to  i n v e s t i g a t e  the mechanisms in vo lved  in i t s  express ion .

The r e s u l t s  o f  the experiments descr ibed  in the f i r s t  

p a r t  o f  t h i s  th e s is  p rov ide  th e  f i r s t  s i g n i f i c a n t  exper imenta l  

ev idence t h a t  ca lv es  acq u i red  a r e s is ta n c e  to i n f e c t i o n s  w i th  

F. hep a t ica  and t h a t  t h i s  r e s is t a n c e  is m an i fes t  a g a in s t  both 

pr imary  and secondary I n f e c t i o n s  w i th  t h i s  p a r a s i t e .

The ac q u i red  r e s is t a n c e  which calves  developed a g a in s t  a 

pr im ary  i n f e c t i o n  w i th  F. hep at ic a  was m an ifes t  as a ' s e l f - c u r e '  

r e a c t io n  w i t h  the subsequent loss o f  the m a j o r i t y  o f  t h e i r  

acq u i red  f l u k e  po p u la t io n  between 20-30 weeks a f t e r  i n f e c t i o n .

Th is  p e r io d  o f  expuls ion  was preceded by a p e r io d  o f  reduced 

b i o l o g i c a l  a c t i v i t y  o f  th e  f lu k e s  as evidenced by a sharp decrease  

i n t h e l r  egg o u t p u t .

The degree o f  r e s is t a n c e  to  r e i n f e c t i o n  was shown to  be 

r e l a t e d  to  th e  d u ra t io n  o f  the i n i t i a l  i n f e c t i o n .  Calves r e i n f e c t e d  

7 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  did not develop any r e s is ta n c e  

to the  r e i n f e c t i o n .  Calves r e i n f e c t e d  12 weeks a f t e r  t h e i r  i n i t i a l  

i n f e c t i o n  r e s i s t e d  the es tab l ishm ent  o f  a l l  but 27% o f  the f l u k e  

po p u la t io n  which developed in p re v io u s ly  u n in f e c t e d  co n t r o l  c a lv es .  

Calves r e i n f e c t e d  17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  r e s is t e d  

the es tab l ishm ent  o f  a l l  but 16% o f  the f l u k e  p opu la t io n  which 

developed In th e  p r e v io u s ly  u n in fec te d  c o n t ro l  c a lv e s .

As th e  re s u l t s  ob ta in ed  In the f i r s t  pa r t  o f  t h i s  th e s is  

c l e a r l y  demonstrated t h a t  ca lv es  would a c q u i r e  a r e s is t a n c e  to
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i n f e c t i o n s  w i t h  F. h ep at ica  th e  experiments in Par ts 2,  3 

and 4 o f  t h i s  t h e s is  were concerned w i th  the  i n v e s t i g a t i o n  o f  

p o s s ib le  mechanisms invo lved  in the expression o f  t h i s  

acq u i red  r e s i s t a n c e .

The two p o s s ib le  mechanisms responsib le  f o r  t h i s  acqu ired  

r e s is t a n c e  p r e v i o u s ly  discussed in Part  1 o f  t h i s  t h e s i s  were 

t h a t  t h i s  re s is t a n c e  was e i t h e r  s imply due to  the  phys ica l  

damage caused by the  f lu k e s  rendered the environment u n s u i ta b le  

f o r  t h e i r  development or  i t  was due to  the express ion  o f  a 

s p e c i f i c  immunologic response on the  p a r t  o f  the  host .  Each o f  

these  mechanisms w i l l  now be considered in r e l a t i o n  to the  

development o f  an acq u i red  re s is t a n c e  to  a p r im ary  or  secondary 

i n f e c t i o n  w i t h  F. h e p a t i c a .

The process o f  c a l c i f i c a t i o n  o f  the lamina p r o p r ia  o f  

p a r a s i t i s e d  b i l e  ducts can be r e l a t e d  to th e  a c q u i re d  ' s e l f - c u r e '  

found in pr im ary  in f e c t i o n s  as the per io d  o f  c a l c i f i c a t i o n  o f  these  

ducts ,  20-30 weeks a f t e r  i n f e c t i o n ,  co in c id ed  w i t h  the  p er io d  o f  

expuls ion  o f  the f lu k e s  from these  ducts.  I t  cou ld  be p o s tu la te d  

t h a t  t h i s  c a l c i f i c a t i o n  o f  th e  lamina p r o p r ia  o f  p a r a s i t i s e d  ducts 

prevents  th e  feed in g  a c t i v i t i e s  o f  the f lu k e s  and hence leads to  

t h e i r  eventual  death and e x p u ls io n .  C a l c i f i c a t i o n  o f  the  b i l e  ducts 

however,  cannot e x p la in  th e  p e r io d  o f  reduced b i o l o g i c a l  a c t i v i t y  

o f  th e  f lu k e s  p r i o r  to  t h e i r  expuls ion  as t h i s  occurs between 

16-20 weeks a f t e r  i n f e c t i o n  b e fo re  c a l c i f i c a t i o n  o f  the  ducts 

occurs.  Physical  damage cannot t h e r e f o r e  be h e ld  e n t i r e l y  

res p on s ib le  f o r  the ' s e l f - c u r e '  r ea c t ion  as i t  is seen in pr imary  

i n f e c t i o n s  w i t h  F. h e p a t i c a .

The r e s u l t s  descr ibed  in Parts 2 and 3 o f  t h i s  th e s is  have 

shown t h a t  a pr imary  i n f e c t i o n  w i th  F. h ep at lc a  can induce the
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the fo rm at ion  o f  both c i r c u l a t i n g  and c e l l  bound a n t ib o d ie s  

d i r e c t e d  a g a in s t  var ious  p a r a s i t i c  an t ig e n s .  The p e r io d  o f  

reduced b i o l o g i c a l  a c t i v i t y  and expuls ion  o f  the  f lu k e s  

c o in c id es  w i t h  a r i s e  in th e  le ve l  o f  p r e c i p i t a t i n g  a n t ib o d ie s  

present  in th e  sera o f  i n f e c t e d  ca lves  and a ls o  w i t h  th e  

appearance o f  in c reas in g  amounts o f  c i r c u l a t i n g  r e a g in i c  

a n t ib o d y .  The r e s u l t s  o f  Part  4 o f  t h i s  t h e s is  p ro v ide  

h i s t o p a t h o lo g ic a l  evidence o f  in creas in g  immunological a c t i v i t y  

in the p a r a s i t i s e d  b i l e  ducts from 16-20 weeks a f t e r  i n f e c t i o n  

cu lm in a t in g  20 weeks a f t e r  i n f e c t i o n  w i th  the  appearance o f  

l a r g e  numbers o f  immunological 1 y competent c e l l s  and g lob u le  

leucocytes  in the lamina p r o p r ia  o f  these ducts.

In view o f  the fa c t  t h a t  c e r t a i n  o f  the t rematode p a r a s i t e s ,  

the  schistosomes, have been shown to  be s u s c e p t i b l e  to immune 

damage i t  is co n ce iva b le  t h a t  F. h epat ica  may a l s o  be s u s c e p t ib le  

to  immune damage and t h a t  the ' s e l f - c u r e '  re a c t io n s  may have an 

immunological b a s is .  The fee d in g  a c t i v i t i e s  o f  t h e  a d u l t  

F. h e p a t ic a  would ensure i t s  a c c e s s i b i l i t y  to c i r c u l a t i n g  an t ibo d y .  

In t h i s  contex t  I t  can be seen t h a t  the r i s e  in the leve l  o f  

p r e c i p i t a t i n g  a n t ib o d ie s  in th e  sera o f  in f e c t e d  ca lves  co inc ides  

w ith  the  p e r io d  from 16 weeks a f t e r  i n f e c t i o n  onwards when the  

f lu k e s  show reduced b i o l o g i c a l  a c t i v i t y  and a r e  e x p e l l e d  from the  

b i l e  ducts.

The presence o f  l a r g e  numbers o f  g lobu le  leucocytes in the  

e p i t h e l i u m  and lamina p ro p r ia  o f  the major  b i l e  ducts a t  20 -24  

weeks a f t e r  i n f e c t i o n  c o in c i d in g  w i th  the exp u ls io n  o f  th e  f lu k e s  

from the  b i l e  ducts may a lso  in d i c a t e  the e x is t e n c e  o f  a s i m i l a r  

mechanism to  the  r e a g i n ic  an t ib ody  mediated mast c e l l  d ischarge  

as s o c ia te d  w i t h  the  immune expu ls io n  o f  N. b r a s i l i e n s i s  from
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in f e c t e d  ra t s .

The r e s is t a n c e  to  r e i n f e c t i o n  and i t s  apparent  

r e l a t i o n s h i p  to  the d u ra t io n  o f  the  i n i t i a l  i n f e c t i o n  could  

be r e l a t e d  to  the  degree o f  development o f  the  f i b r o s i s  and 

c h o l a n g i t i s  which r e s u l t s  from th e  i n i t i a l  i n f e c t i o n  rendering  

th e  environment u n s u i t a b le  f o r  th e  m ig ra t io n  and m atura t io n  o f  

any subsequent f l u k e  p o p u la t io n .  This concept does not ,  

however, e x p la in  the  presence o f  numerous le s io n s  due to  

m ig r a t in g  f lu k e s  found in th e  l i v e r s  o f  the c a lves  t r e a t e d  

w i th  a n t h e l m i n t i c  p r i o r  to  r e i n f e c t i o n  a t  12 or  17 weeks a f t e r  

t h e i r  i n t i a l  i n f e c t i o n  as compared to  the few le s io n s  found in 

the l i v e r s  o f  ca lves  r e i n f e c t e d  in the presence o f  the o r i g i n a l  

p o p u la t io n  since  the degree o f  f i b r o s i s  and c h o l a n g i t i s  in both 

groups o f  l i v e r s  on each occasion would be s i m i l a r .  The 

d i f f e r e n c e  in s u s c e p t i b i l i t y  t o  m ig ra to ry  f l u k e  damage in l i v e r s  

w i t h  s i m i l a r  degree o f  c h o l a n g i t i s  and f i b r o s i s  cou ld ,  however,  

be ex p la in e d  i f  th e  r e s is t a n c e  to  r e i n f e c t i o n  represented  the  

express ion  o f  an a cqu ired  immunity to  t h i s  p a r a s i t e .  The ca lv es  

r e t a i n i n g  t h e i r  o r i g i n a l  f l u k e  p o p u la t io n  could  become more 

immune than those ca lves  in which the  o r i g i n a l  f l u k e  p o p u la t io n  was 

removed ■ e i t h e r  because the a n t i g e n i c  st im ulus is  more prolonged  

in these ca lv es  or  more an t igens  in volved in a p r o t e c t i v e  immune 

response become a v a i l a b l e  as the  p a r a s i t e  develops f u r t h e r .

The development o f  a s i g n i f i c a n t  immunity to  F, hepat ic a  

i n f e c t i o n s  in ra ts  has a l r e a d y  been shown to  be dependent on the  

d u ra t io n  o f  th e  i n i t i a l  i n f e c t i o n  (Corba e_t ajl_ 1971) end so i t  Is 

a ls o  p o s s ib le  t h a t  the acqu ired  re s is ta n c e  o f  c a t t l e  w i th  i t s  

r e l a t i o n s h i p  to the d u ra t io n  o f  the pr imary  i n f e c t i o n  may also  

be Immunological In na tu re .
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The r e s u l t s  o f  t h i s  t h e s i s  then prov ide  s i g n i f i c a n t  

ev idence f o r  the development o f  an acquired  immunity to  

i n f e c t i o n s  w i t h  F. hep at ic a  in p r e v io u s ly  p a r a s i t e  f r e e  

c a lv e s .  The mechanism o f  t h i s  acquired  r e s is t a n c e  is  s t i l l  

u n c e r ta in  but i t  would appear t h a t  i t  cannot s a t i s f a c t o r i l y  

be e x p la in e d  as the  eventual  r e s u l t  o f  t r a u m a t ic  damage 

caused by th e  f lu k e s  rendering t h e i r  environment u n s u i ta b le  

f o r  them. The r e s u l t s  o f  i n v e s t i g a t io n s  descr ibed  in t h i s  

t h e s i s  show f o r  the  f i r s t  t ime t h a t  s p e c i f i c  Immunological  

responses a re  a ss o c ia te d  w i th  th e  i n f e c t i o n  o f  ca lv es  w i th  

F. hep a t ica  and I n d i c a t e  the  p o s s i b i l i t y  t h a t  these r a t h e r  

than phys ica l  f a c t o r s  may be respons ib le  f o r  th e  ac q u i red  

r e s is t a n c e  e x h i b i t e d  by ca lves  t o  i n f e c t i o n s  w i t h  F. h e p a t i c a .

The eventual  sep a ra t io n  o f  the r o le  o f  immunological and 

phys ic a l  f a c t o r s  in the  mechanism o f  acqu ired  r e s is t a n c e  to  

F. hep a t ica  i n f e c t i o n s  in ca lves  w i l l  depend on the  successful  

demonstrat ion o f  an acqu ired  re s is ta n c e  in ca lves  rendered  

immune to  F. h e pa t ic a  in a manner which does not r e s u l t  in 

h e p a t ic  f i b r o s i s  and c h o l a n g i t i s .  This could  be done in 

severa l  ways. A t t e n u a t io n  o f  th e  m eta cerc a r ia e  by i r r a d i a t i o n  

to  a p o in t  where j u v e n i l e  f l u k e s ,  only m ig ra te  through the  

I n t e s t i n a l  w a l l  and d ie  be fore  causing any h e p a t ic  damage may 

p rov id e  s u f f i c i e n t  a n t i g e n i c  st im ulu s  a t  the a p p r o p r i a t e  s i t e  

to  induce a successful  immune response in a manner s i m i l a r  to  

t h a t  o f  the successful  i r r a d i a t e d  vacc ine f o r  P ic tyocau lu s  

v i v i p a r u s  and Ancylostomum caninum. The t r a n s f e r  o f  lymphoid c e l l  

suspension from i n f e c t e d  c a lves  to  g e n e t i c a l l y  i d e n t i c a l  r e c i p i e n t s  

may render these ca lves  immune to  i n f e c t i o n  w i th  F. hep a t ica  as 

t h i s  has a l r e a d y  been s u c c e s s f u l l y  demonstrated in isogenic ra ts
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(Corba e t  al_ 1971) .  The i s o l a t i o n  o f  s p e c i f i c  f l u k e  an t igens  

capab le  o f  inducing a successful  immunity when used to v a c c in a te  

ca lves  may a ls o  be p o ss ib le  in view o f  the success o f  t h i s  

techn iq ue  in inducing a successful  acqu ired  Immunity to  

T. s p i r a l i s  (Despommier and M u l l e r ,  1970 a,  b ) .

I t  would appear t h a t  o f  these t h r e e  techn iques the use 

o f  i r r a d i a t i o n  to l i m i t  the degree o f  development o f  the  f l u k e  - 

to  a p o in t  where i t  provides  s u f f i c i e n t  a n t i g e n i c  st im ulus  to  

induce a successful  immune response w ith o u t  causing h e p a t ic  

damage would appear a t  the present  t ime to  be the most p r a c t i c a l  

method o f  i n v e s t i g a t i n g  th e  r o le  o f  a p r o t e c t i v e  immunity in the  

a cq u i red  r e s is ta n c e  o f  ca lves  to  i n f e c t i o n s  w i t h  F, hepat i c a .
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APPENDIX 1



Table 1
Mean weekly weights of a group of l6 calves infected with 750

metacercariae of F. hepatica and mean weekly weights of a group of
4 uninfected control calves.

Weeks
a f t e r
in f e c t i o n

Mean w e e k ly  w e ig h ts  
o f  16 c a lv e s  in f e c te d  
w i t h  F . h e p a t ic a  

( lb s )

Mean w e ig h t  o f  
4 in f e c te d  
c o n t r o l  c a lv e s  

( lb s )

0 210 ± 6 255 ± 24

1 214 ± 6 255 ± 26

2 225 ± 6 249 ± 28

5 244 ± 6 271 ± 51

4 252 ± 7 277 ± 50

5 267 + 7 289 ± 50

6 281 ± 7 508 ± 50

7 500 ± 15 550 ± 52

8 525 ± 7 550 ± 54

9 555 ± 9 558 ± 58

10 546 ± 9 567 ± 51

11 564 ± 10 597 ± 56

12 575 ± 9 415 ± 57

15 594 ± 11 440 ± 56

14 4o6 ± 11 452 ± 56

15 411 ± 15 472 ± 55

16 422 ± 15 490 ± 56



Table 2
Mean weekly erythrocyte counts of a group of l6 calves each infected

with 750 metacercariae of F. hepatica and the mean weekly erythrocyte count
of a group of 4 uninfected control calves.

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

Mean R .b . c .  c o u n ts  
o f  16 c a lv e s  in f e c te d  
w i t h  F .  h e p a t ic a  

( m i l l io n s / c u .m m , )

Mean R .b . c .  c o u n ts  
o f  4 u n in fe c te d  
c o n t r o l  c a lv e s

( m i l l io n s / c u .m m . )

0 7 .4 7 ± .16 7 .2 0 ± .5 6

1 7 .5 5 ± .15 7 .1 0 ± .19

2 7 .2 0 ± .14 6 .9 7 ± .25

5 7.48 ± .15 6 .9 9 ± .5 8

4 7 .2 0 ± .1 7 6 .8 9 ± .22

5 7 .5 1 ± .1 5 7 .2 6 ±

6 7 .1 7 ± .15 7.04 ± .20

7 7 .4 1 ± .1 6 7 .1 4 ± .20

8 7 .6 8 ± .1 7 7 .2 2 ± .2 5

9 7 .4 4 ± .20 7.14 ± .25

10 7 .5 9 ± .1 7 7 .1 8 ± .2 8

11 7 .5 7 ± .2 2 6 .7 5 ± .2 7

12 7 .5 4 ± .2 5 7.41 ± .11

15 7 .4 5 ± .1 7 7 .1 0 ± .5 4

14 7 .2 0 ± .1 5 6 .9 7 ± .25

15 6 .9 0 ± .12 6 .6 7 ± .1 7

16 7 .1 7 ± .1 9 6 .8 7 ± .20



T a b le  5

Mean w e e k ly  packed  c e l l  vo lum e p e rc e n ta g e  o f  a g ro u p  o f  l 6 c a lv e s  

each  in f e c te d  w i t h  750 m e ta c e rc a r ia e  o f  F .  h e g a t ic a  and th e  mean w e e k ly

packed  vo lum e p e rc e n ta g e s  o f  a g ro u p o f  4 u n in fe c te d  c o n t r o l  c a lv e s .

Weeks Mean p . c . v .  o f Mean p . c . v .  o f
a f t e r l 6 c a lv e s  in f e c te d 4 u n in fe c te d
i n f e c t i o n w i t h  F .  h e p a t ic a c o n t r o l  c a lv e s

{%) ( ^ )

0 55.4  ± .46 5 2 .5  ±  1 .0 8

1 52.4  ± .40 5 2 .5  ± .4 5

2 5 2 .2  ± .40 5 2 .5  ± .75

5 5 1 .5  ± .5 4 5 0 .2  ± .96

4 5 1 .5  ± .56 5 0 .5  ± .4 5

5 5 2 .6  ± .50 5 2 .2  ± 1 .1 9

6 5 0 .5  ± .5 7 5 1 .2  ± .75

7 5 2 .1  ± .4 9 5 1 .7  ± .8 2

8 . 5 5 .1  ± .4 9 5 5 .0  ± .55

9 5 2 .4  ± .4 7 5 1 .5  ± .82

10 5 2 .7  ± .5 8 5 1 .5  ± 1.14

11 5 2 .2  ± .5 6 5 0 .2  ± 1 .0 5

12 5 1 .5  ± .66 5 0 .5  ± .62

15 5 2 .2  ± .46 5 1 .0  ± 1 .1 7

14 5 2 .7  ± .70 5 2 .0  ± 1 .1 2

15 5 5 .2  ± .55 5 1 .2  ± .4 5

l 6 5 5 .5  ± .68 5 1 .0  ± .61



Table 4
Mean weekly haemoglobin levels of a group of l6 calves each

infected with 750 metacercariae of p. hepatica and the mean weekly
haemoglobin level of 4 uninfected control calves.

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

Mean h a e m o g lo b in  
le v e l  o f  l 6 c a lv e s

Mean h a e m o g lo b in  
le v e l  o f  4 u n in fe c te d  
c o n t r o l  c a lv e s

gms/lOO m l. gms/100  m l.

0 11.2 ± .16 11.5 ± .52

1 10.8 ± .1 6 11.2 ± .26

2 10.6 ± .15 10.8 ± .24

5 11.1 ± .12 11.0 ± .09

4 10.8 ± .18 11.0 ± .18

5 11.2 ± .12 11.4 ± .19

6 10.9 ± .15 11.2 ± .16

7 11.6 ± .21 11.8 ± .51

8 11.6 ± .15 11.8 ± .15

9 11.6 ± .18 11.5 ■± .25

10 11.4 ± .16 11.4 ± .51

11 11.1 ± .55 10.8 ± .52

12 11.4 ± .25 11.1 ± .59

15 11.9 ± .50 11.9 ± .52

14 11.6 ± .20 11.1 ± .22

15 11.5 ± .1 6 11.2 ± .20

16 11.6 ± .20 10.7 ± .25



T a b le  5

Mean w e e k ly  mean c o rp u s c u la r  vo lum e o f  a g ro u p  o f  l 6 c a lv e s  each 

in f e c te d  w i t h  750 m e ta c e rc a r ia e  o f  p .  h e p a t ic a  and th e  mean w e e k ly  mean 

c o rp u s c u la r  vo lum e o f  a g ro u p  o f  4 u n in fe c te d  c o n t r o l  c a lv e s .

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

Mean M.C .V . o f  
l 6  c a lv e s  in f e c te d

Mean M .C .V . o f  
4 u n in fe c te d  
c o n t r o l  c a lv e s

(c u .  m ic ro n s ) ( c u .  m ic ro n s '

0 44.9 ± .6 9 4 5 .4 .72

1 44.2 ± .6 1 4 5 .8 ± .75

2 44.8 ± .7 2 46.7 ± 1 .4 5

5 4 5 .5 ± .5 9 4 5 .5 ± .7 6

4 4 5 .7 ± .72 4 4 .5 ± 1 .1 5

5 4 4 .5 ± .75 4 4 .5 ± 1 .5 0

6 4 5 .2 ± .56 44.6 ± 2.0

7 4 5 .5 ± .8 8 4 4 .5 ± 1.46

8 4 5 .4 ± .81 4 5 .1 ± 1 .5 7

9 4 5 .9 ± .82 44.2 ± 1.11

10 4 4 .5 ± .8 5 44.0 ± 1 .9 8

11 44.1 ± .85 4 4 .9 ± 1.42

12 4 5 .2 ± .9 2 41.1 ± .61

15 4 5 .4 ± .85 4 5 .8 ± 1.11

14 4 5 .6 ± .90 46.0 + 1 .9 0

15 48.2 ± .61 46.9 ± .9 8

16 4 6 . 8 ± 1.10 4 5 .5 ± 1.88



Table 6
Mean w e e k ly  mean c o rp u s c u la r  h a e m o g lo b in  c o n c e n t r a t io n  o f  a g ro u p  

o f  16 c a lv e s  each in f e c te d  w i t h  750 m e ta c e ra r ia e  o f  p .  h e p a t ic a  and th e  

mean w e e k ly  mean c o r p u s c u la r  h a e m o g lo b in  c o n c e n t r a t io n  o f  a g ro u p  o f  4 

u n in fe c te d  c o n t r o l  c a lv e s .

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

Mean M .C .H .C . o f  
16 c a lv e s  in f e c te d  
w i t h  P . h e p a t ic a

IP# M  ii^ i i . f ’ i’. i  im 

( ^ )

Mean M .C .H .C . o f  
4 u n in fe c te d  
c o n t r o l  c a lv e s  

( ^ )

0 5 5 .5 ± .2 2 5 4 .8  ± .25

1 5 5 .5 ± .2 7 5 4 .4  ± .5 9

2 5 5 .0 ± .5 2 5 5 .4  ± .75

5 5 5 .5 ± .2 9 5 5 .9  ± 1 .6 6

4 5 4 .6 ± .5 6 5 6 .0  + .51

5 5 5 .5 ± .2 7 5 4 .8  ± 1 .1 1

6 5 5 .6 ± .46 5 5 .9  ± .5 6

7 5 5 .9 ± .29 5 7 .1  ± 0 8

8 5 5 .2 ± .54 5 5 .8  ± .4 7

9 5 5 .6 ± .58 5 5 .9  ± .8 9

10 5 5 .0 ± .52 5 6 .5  ± .5 7

11 5 4 .6 ± .55 5 5 .6  ± 0 7

12 5 6 .1 ± .2 7 5 6 .4  ± .8 6

15 5 6 .8 ± .51 5 8 .5  ± .46

14 5 5 .4 ± .55 5 4 .7  ± .24

15 5 4 .6 ± .2 9 5 5 .8  ± .25

16 5 4 .8 ± .40 5 4 .5  ± .40



Table 7
Mean weekly serum albumin levels of a group of l6 calves each

infected with 750 metacerariae of F. hepatica and the mean weekly serum
albumin levels of a group of 4 uninfected control calves.

Weeks Mean serum  a lb u m in
a f t e r  l e v e l  o f  l 6  c a lv e s
in s p e c t io n  in f e c t e d  w i t h  F . h e p a t ic a

Mean serum  a lb u m in  
l e v e l  o f  4 u n in fe c te d  
c o n t r o l  c a lv e s

(gm s/100  m l . ) (gras/100  m l . )

0 2 .1 9 ± .0 5 2 .2 8 ± .0 6

1 2 .1 9 ± .0 6 2 .2 1 ± .0 8

2 2 .1 5 + .04 2 .5 0 ± .0 2

5 2 .2 2 ± .05 2.24 ± .0 6

4 2 .0 9 ± .04 2.00 ± .0 5

5 2 .2 7 ± .04 2.22 ± .06

6 2 .2 5 ± .04 2 .5 7 ± .08

7 2.20 ± .04 2 .2 9 .02

8 2.28 ± .0 5 2.21 ± .04

9 2.10 ± .02 2.10 ± .05

10 2.24 ± .0 5 2.12 ± .10

11 2 .5 4 ± .0 5 2 .5 7 ± .0 8

12 2 .2 9 ± .04 2 .4 5 ± .0 5

15 2.14 ± .0 5 2 .2 5 ± .05

14 2 .1 9 ± .0 5 2.48 ± .0 5

15 2 .1 7 ± .04 2.40 ± .0 6

16 2.11 ± .0 5 2 .5 5 + .04



Table 8
Mean weekly total serum globulins of a group of 16 calves each

infected with 750 metacercariae of p. hepatica and the mean weekly
total serum globulins of a group of 4 uninfected control calves.

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

Mean t o t a l  serum  
g lo b u l in s  o f  l 6  c a lv e s

Mean t o t a l  -serum 
g lo b u l in s  o f  4 u n in fe c te d  
c o n t r o l  c a lv e s

(gms/100  m l . ) (gms/100  m l . )

0 5.88 ± .10 5 .6 9 ± .1 5

1 5 .8 5 ± .0 7 5 .8 9 ± .25

2 5 .9 7 ± .1 5 5 .9 4 ± .21

5 5 .9 7 ± .0 7 5 .6 7 ± .1 6

4 4 .0 6 ± .0 8 5 .8 8 ± .0 9

5 5 .9 9 ± .0 8 5 .7 5 ± .1 9

6 5 .7 7 ± .0 6 5.48 ± .12

7 5 .9 5 ± .05 5 .6 0 ± .15

8 4.12 ± .0 6 5 .7 9 ± .0 8

9 4.24 ± .0 8 5 .8 1 ± .1 9

10 4 .4 5 ± .0 9 5 .9 4 ± .21

11 4 .5 7 ± .0 9 5 .5 7 ± .19

12 4.44 ± .0 9 5 .5 7 ± .16

15 4 .8 1 ± .10 5 .6 0 ± .16

14 4 .9 9 ± .10 5 .6 9 ± .0 8

15 4 .9 2 ± .0 9 5 .6 9 ± .0 8

16 4 .9 2 ± .10 5 .4 9 ± .06



T ab le ts .

Mean w e e k ly  serum  g lu ta m ic - o x a lo a c e t ic  tra n sa m im a se  le v e ls  o f  a 

g ro u p  o f  16 c a lv e s  each in f e c te d  w i th  750 m e ta c e rc a r ia e  o f  F .  h e p a t ic a  

and th e  mean serum  g lu ta m a te - o x a lo a c e t ic  dehyd rogenase  le v e ls  o f  a g ro u p  

o f  4 u n in fe c te d  c o n t r o l  c a lv e s .

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

Mean S .G .G .T . le v e ls  
o f  16 c a lv e s  in fe c te d

Mean S .G .O .T . le v e ls  
o f  4 u n in fe c te d  
c o n t r o l  c a lv e s

( S . - F . u n i t s ) , ( S . - F . u n i t s )

0 7 5 .6 ± 5 .8 6 6 .7 ± 2 .7

1 9 5 .2 ± 5 .0 8 7 .7 ± 4.4

2 9 1 .4 ± 2.4 7 8 .2 ± 5 .5

5 9 0 .2 ± 2 .5 7 6 .0 ± 5 .7

4 9 1 .6 ± 1 .5 8 1 .2 + 2 .9

5 7 8 .9 ± 2 .1 7 5 .2 ± 5 .0

6 1 0 5 .1 ± 4.4 84.5 ± 5 .1

7 112.4 ± 7 .5 7 0 .7 ± 2 .7

8 1 5 8 .9 ± 7 .8 7 7 .2 ± 5 .5

9 1 2 9 .5 ± 9 .4 7 5 .7 ± 4.8

10 102.4 ± 5 .5 6 8 .5 ± 2.6

11 8 5 .9 ± 7 .8 4 7 .0 ± 1.1

12 6 9 .4 ± 5 .2 4 4 .7 ± 2.0

15 6 7 .7 ± 5 .6 4 7 .0 ± 5 .2

14 6 5 .9 ± 5 .1 46.2 ± 5 .0

15 6 5 .2 ± 5 .9 44.0 ± 2 .5

16 6 1 .1 ± 5 .4 4 5 .5 ± 1 .9



Table 10
Mean w e e k ly  w e ig h ts  o f  th e  8 c a lv e s  i n  G roups 1 and 2 f o l lo w in g  

t h e i r  r e in f e c t i o n  w i t h  1,650 m e ta c e ra r ia e  o f  F .  h e p a t ic a  17 weeks a f t e r  

t h e i r  i n i t i a l  i n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  F .  h e p a t ic a  and th e  

mean w e e k ly  w e ig h ts  o f  th e  4 p r e v io u s ly  u n in fe c te d  c a lv e s  i n  G roup 5 

f o l lo w in g  t h e i r  i n f e c t i o n  w i t h  1,650 m e ta c e ra r ia e  o f  F* h e p a t ic a .

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

0

1
2

5

4

5

Mean w e ig h ts  o f  8 
c a lv e s  r e in f e c t e d  w i th
1 ,6 5 0  m e ta c e rc a r ia e  
o f  F .  h e p a t ic a

" r  PH

Mean w e ig h t o f  4 
c a lv e s  in f e c te d  w i t h
1 ,6 5 0  m e ta c e rc a r ia e  
o f  F .  h e p a t ic a

9

10
11
12
15

(IbE

455 ± 16

466 ± 11

481 ± 11

481 ± 13

510 ± 12

527 ± 13

558 ± 13

558 ± 14

582 ± 12

574 ± 13

590 ± 14

606 ± 16

602 ± 12

622 ± 14

( lb s

503 ± 34

517 ± 32

532 ± 29

532 ± 33

563 ± 27

572 ± 31

574 ± 35

593 ± 27

616 ± 39

608 ± 37

617 ± 35

630 ± 39

642 ± 35

656 ± 32



Table 11
Mean w e e k ly  e r y th r o c y te  c o u n ts  o f  8 c a lv e s  i n  G roups 1 and 2 

f o l lo w in g  t h e i r  r e in f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  o f  F« h e p a t ic a  

17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  

F . h e p a t ic a  and th e  mean w e e k ly  e r y th r o c y te  c o u n ts  o f  th e  f o u r  

p r e v io u s ly  u n in fe c te d  c a lv e s  i n  G roup 5 f o l lo w in g  t h e i r  i n f e c t i o n  w i th

1 ,6 5 0  m e ta c e rc a r ia e  o f  F .  h e p a t ic a .

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

Mean R .b . c ,  c o u n t o f  
8 c a lv e s  r e in f e c t e d  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e  
o f  F .  h e p a t ic a  

( m i l l io n s / c u .m m . )

Mean R .b . c .  c o u n t o f  
4 c a lv e s  in f e c te d  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e  
o f  F .  h e p a t ic a

(m il l io n s E c u .m m .)

0 7 .1 6 ± .20 7 .0 1 ± .1 6

1 7 .2 7 ± .20 6 .7 8 ± .21

2 6.46 ± .3 4 6 .4 7 ± .14

3 7 .1 4 + .26 6 .5 8 ± .28

4 6.68 ± .22 6 .6 9 ± .3 6

5 6 .8 5 ± .24 6.00 ± .55

6 6 .7 7 ± .2 3 6 .3 3 ± .49

7 6 .7 5 ± .16 6 .2 9 ± .35

8 6 .6 0 ± .1 9 6 .2 5 ± .35

9 6 .7 6 ± .22 6 .3 0 ± .3 9

10 6.42 + .15 5 .9 8 ± .30

11 6.41 ± .14 5 .8 9 ± .3 7

12 6.04 ± .18 5 .5 2 ± .2 7

13 6 .1 5 ± .1 9 5 .8 5 ± .24



Table 12
Mean w e e k ly  packed  c e l l  vo lum e p e rc e n ta g e  o f  th e  8 c a lv e s  i n  

G roups 1 and 2 f o l lo w in g  t h e i r  r e in f e c t i o n  w i th  1,650  m e ta c e rc a r ia e  

o f  F .  h e p a t ic a  17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  750 

m e ta c e rc a r ia e  and th e  mean w e e k ly  packed  c e l l  vo lum e p e rc e n ta g e  o f  

th e  f o u r  p r e v io u s ly  u n in fe c te d  c a lv e s  i n  G roup 5 f o l lo w in g  t h e i r  

i n f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  o f  F .  h e p a t ic a .

Weeks
a f t e r
in f e c t i o n

Mean p . c . v .  o f  8 
c a lv e s  r e in f e c t e d  w i th
1 ,6 5 0  m e ta c e rc a r ia e  
o f  F . h e p a t ic a

Mean p . c . v .  o f  4 
c a lv e s  in f e c te d  w i th
1 ,6 5 0  m e ta c e rc a r ia e  
o f  F .  h e p a t ic a

w

0 1 1 .7 ± .1 8 11.2 + .3 0

1 1 1 .7 ± .05 1 1 .3 + .3 8

2 11.1 ± .15 9 .5 ± 1.0

3 12.2 ± .14 1 0 .5 ± .3 9

4 11.1 ± .18 10.4 ± .3 6

5 11.0 ± .2 3 1 0 .7 ± .30

6 1 1 .3 ± .2 3 10.8 + .2 3

7 11.2 ± .1 7 1 0 .3 ± .24

8 10.2 ± .21 10.0 ± .38

9 1 0 .9 ± .30 11.0 ± .1 3

10 1 0 .3 ± .2 3 10.1 ± .40

11 1 0 .7 ± .3 3 1 0 .9 ± ,42

12 1 0 .9 ± .25 10.6 ± .3 6

13 1 0 .9 ± .32 11.0 ± .59



Table 13
Mean w e e k ly  h a e m o g lo b in  c o n c e n t r a t io n s  o f  th e  8 c a lv e s  i n  G roups 

1 and 2 f o l lo w in g  t h e i r  r e i n f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  o f  F .  h e p a t ic a  

17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i th  750 m e ta c e rc a r ia e  o f  

F .  h e p a t ic a  and th e  mean w e e k ly  h a e m o g lo b in  c o n c e n t r a t io n  o f th e  4 

p r e v io u s ly  u n in fe c te d  c a lv e s  i n  G roup 5 f o l lo w in g  t h e i r  i n f e c t i o n  w i th

1 ,6 5 0  m e ta c e rc a r ia e  o f  F . h e p a t ic a .

Weeks
a f t e r
in f e c t i o n

Mean h a e m o g lo b in  co n ce n ­
t r a t i o n  o f  th e  8 c a lv e s  
r e in f e c t e d  w i t h  1,650

Mean h a e m o g lo b in  co n ce n ­
t r a t i o n  o f  th e  4 c a lv e s  
in f e c te d  w i t h  1,650

’ erm e ta c e rc a r ia e
( ^ )

o f  F .  h e p a t ic a m e ta c e rc a r ia e

w
o f

0 1 1 .5 ± .1 7 10.8 ± .3 7

1 1 1 .5 + .15 1 0 .5 ± .3 0

2 1 0 .3 ± .44 10.2 ± .25

3 11.4 ± .26 1 0 .5 ± .3 0

4 10.8 ± .20 1 0 .7 ± .4 7

5 10.8 ± .20 9 .8 ± .7 4

6 11.0 ± .20 1 0 .5 ± .42

7 10.8 ± .1 9 10.0 ± .4 7

8 10.1 ± .20 10.1 ± .3 4

9 11.0 ± .22 10.4 ± .25

10 10.2 ± .22 10.0 ± .48

11 10.8 ± .28 1 0 .3 + .5 0

12 10.8 ± .22 11.0 .35

13 11.0 ± .31 1 1 .3 + .50



TABLE l4
Mean w e e k ly  mean c o rp u s c u la r  vo lum es o f  th e  8 c a lv e s  i n  G roups 1 

and 2 f o l lo w in g  t h e i r  r e i n f e c t i o n  w i th  1,650 m e ta c e rc a r ia e  o f  F_. h e p a t ic a  

17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  

F . h e p a t ic a  and th e  mean w e e k ly  mean c o rp u s c u la r  vo lum es o f  th e  f o u r  

p r e v io u s ly  u n in fe c te d  c a lv e s  i n  G roup 5 f o l lo w in g  t h e i r  i n f e c t i o n  w i th

1 ,6 5 0  m e ta c e rc a r ia e  o f  F .  h e p a t ic a .

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

Mean M .C .V . o f  8 
c a lv e s  r e in f e c t e d  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e

Mean M .C .V . o f  4 
c a lv e s  in f e c te d  w i t h  
1 ,6 5 0  m e ta c e rc a r ia e

o f  F .  h e p a t ic a o f  p .  h e p a t ic a
(c u .  m ic ro n s ) ( c u .  m ic ro n s )

0 48.1 ± .98 4 4 ,9 ± 1 .3 9

1 48.1 ± .84 46.1 ± 1 .5 9

2 48.9 ± •99 4 7 .1 ± 1 .1 9

3 4 7 .8 ± 1 .1 8 4 7 .6 ± 1 .6 1

4 4 7 .8 ± .96 46.1 ± 1.41

5 48.2 ± 1 .0 7 46.9 ± 2 .1 7

6 4 9 .3 ± 1.14 4 9 .8 ± 2 ,2 3

7 4 7 .7 ± .81 4 7 .8 + 1 .1 5

8 4 7 .2 ± .9 2 5 0 .3 ± 2 ,1 7

9 4 9 .0 ± 1.00 4 7 .9 ± 2 .3 3

10 48.3 ± 1.01 48.4 ± 2 .0 8

11 48.5 ± .88 5 0 .0 ± 1 .3 1

12 5 1 .4 ± 1 .3 0 5 7 .3 ± 1 .5 3

13 4 7 .6 ± 1.21 5 1 .3 ± .65



Table 15
Mean w e e k ly  mean c o rp u s c u la r  h a e m o g lo b in  c o n c e n t r a t io n  o f  th e  

8 c a lv e s  i n  G roup 1 and 2 f o l lo w in g  t h e i r  r e i n f e c t i o n  w i t h  1,650 

m e ta c e rc a r ia e  o f  F .  h e p a t ic a  17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  

750 m e ta c e rc a r ia e  o f  F .  h e p a t ic a  and th e  mean w e e k ly  mean c o rp u s c u la r  

h a e m o g lo b in  c o n c e n t ra t io n s  o f  th e  f o u r  p r e v io u s ly  u n in fe c te d  c a lv e s  i n  

G roup 5 f o l lo w in g  t h e i r  i n f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  o f  F . h e p a t ic a .

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

Mean M .C .H .C . o f  
8 c a lv e s  r e in f e c t e d  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e

Mean M.C .H .C . o f  
4 c a lv e s  in f e c te d  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e

( ^ ) ( ^ )

0 3 3 .5 ± .22 3 4 .0 ± .45

1 3 3 .0 ± .24 3 3 .7 .54

2 3 3 .0 ± .25 3 3 .4 ± .1 7

3 3 3 .9 ± .34 3 3 .5 ± .32

4 3 4 .1 ± .2 3 3 4 .7 ± .1 3

5 3 3 .3 ± .32 3 4 .2 ± .85

6 3 3 .5 ± .5 3 3 3 .9 ± .6 3

7 3 3 .6 + .28 3 3 .5 ± 1 .3 9

8 3 2 .7 ± .1 9 3 2 .4 ± .7 3

9 3 3 .4 ± .3 4 3 4 .8 ± .85

10 3 2 .9 ± .26 3 4 .7 ± .9 3

11 3 4 .6 ± .28 3 5 .1 ± .76

12 3 5 .0 ± .2 7 3 5 .1 ± .9 4

13 3 7 .6 ± .55 37.5 ± .8 3



T a b le  16

Mean w e e k ly  serum  a lb u m in  le v e ls  o f  th e  8 c a lv e s  i n  G roups 1 and 2 

f o l lo w in g  t h e i r  r e i n f e c t i o n  w i t h  1 ,6 5 0  m e ta c e rc a r ia e  o f  F .  h e p a t ic a  17 

weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  

and th e  mean w e e k ly  serum  a lb u m in  le v e l  o f  th e  4 p re v io u s  u n in fe c te d  

c a lv e s  i n  G roup 5 f o l lo w in g  t h e i r  i n f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  

o f  F .  h e p a t ic a .

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

Mean serum  a lb u m in
le v e l  o f  8 c a lv e s  r e in f e c te d
w i t h  1 ,6 5 0  m e ta c e rc a r ia e

Mean serum  a lb u m in  
le v e l  o f  4 c a lv e s  in f e c te d  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e

(g m s ./lO O m l. ) (g m s ./lO O m l. )

0 1 .8 7 ± .04 2 .3 3 ± .0 7

1 2.14 ± .0 3 2 .4 3 ± .15

2 2.14 ± .04 2 .0 5 ± .04

3 2 .2 5 ± .0 3 2 .3 9 ± .0 7

4 2 ,1 6 ± .0 3 2 .3 6 ± .0 8

5 2 .3 7 ± .0 3 2 .1 6 ± .0 8

6 2 .3 4 ± .04 2 .2 8 ± .1 2

7 2.24 ± .04 2 .3 2 ± .11

8 2 .2 9 ± .0 3 2.20 ± .10

9 2.22 ± .04 2 .2 2 ± .0 9

10 2.21 ± .02 2 .0 6 ± .0 8

11 2 .2 8 ± .0 3 2 .0 7 ± .10

12 2.24 ± .02 2.24 ± .0 8

13 2 .2 3 ± .04 2 .0 9 ± .02



Table IJ
Mean w e e k ly  t o t a l  serum  g lo b u l in  le v e ls  o f  th e  8 c a lv e s  i n  G roups 

1 and 2 f o l lo w in g  t h e i r  r e i n f e c t i o n  w i th  1,650 m e ta c e rc a r ia e  o f  

P h e p a t i c a  17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  w i th  750 m e ta c e rc a r ia e  

o f  p .  h e p a t ic a  and th e  mean w e e k ly  t o t a l  serum  g lo b u l in  le v e ls  o f  th e  

4 p r e v io u s ly  u n in fe c te d  c a lv e s  i n  G roup 5 f o l lo w in g  t h e i r  i n f e c t i o n  

w i t h  1 ,6 5 0  m e ta c e rc a r ia e  o f  P .  h e p a t ic a .

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

Mean t o t a l  serum  g lo b u l in  
l e v e l  o f  8 c a lv e s  r e in f e c te d  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e

Mean t o t a l  serum  g lo b u l in  
le v e ls  o f  4 c a lv e s  in fe c te  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e

(gms,,/100  m l . ) (gms,,/100 m l . )

0 5 .0 1 ± .0 8 3 .8 9 ± .04

1 4 .7 2 ± .0 9 3 .5 0 ± .0 7

2 4 .6 1 ± .10 3 .8 3 ± .06

3 4 .8 0 ± .12 3 .7 6 ± .16

4 4 .8 5 ± .0 8 3 .9 4 ± .08

5 4 .8 7 ± .09 4.24 ± .0 7

6 4.86 ± .09 4.48 ± .25

7 4 .8 7 ± .09 4 .6 3 ± .2 5

8 4.46 ± .09 4 .5 5 ± .24

9 4 .4 9 ± .11 4.41 ± .30

10 4 .4 5 ± .12 4 .3 3 ± .28

IT 4 .5 9 ± .1 3 4 .6 5 ± .32

12 4 .5 9 ± .0 6 4 .7 0 ± .30

13 4 .5 7 ± .0 9 4 .8 0 ± .24



Table l8
Mean w e e k ly  serum  g lu ta m ic - o x a lo a c e t ic  t r a n s a n in a s e  le v e ls  o f  

th e  8 c a lv e s  i n  G roups 1 and 2 f o l lo w in g  t h e i r  r e i n f e c t i o n  w i th  1,650 

m e ta c e rc a r ia e  o f  p . h e p a t ic a  17 weeks a f t e r  t h e i r  i n i t i a l  i n f e c t i o n  

w i t h  750 m e ta c e rc a r ia e  o f  p .  h e p a t ic a  and th e  mean w e e k ly  serum  

g lu ta m ic - o x a lo a c e t ic  dehyd rog enase  le v e ls  o f  th e  4 p r e v io u s ly  u n in fe c te d  

c a lv e s  i n  G roup 5 f o l lo w in g  t h e i r  i n f e c t i o n  w i th  1,650 m e ta c e rc a r ia e  

P . h e p a t ic a .

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

Mean S .G .O .T . le v e l  
o f  8 c a lv e s  r e in f e c te d  
w i t h  1 ,6 5 0  m e ta c e rc a r ia e

Mean S .G .O .T . l e v e l  o f  
4 c a lv e s  in f e c te d  w i th  
1 ,6 5 0  m e ta c e rc a r ia e

o f  p .  h e p a t ic a o f  p .  h e p a t ic a
(S . - P . u n i t s ) (S .-P ,, u n i t s )

0 6 2 .0 ± 3 .6 48.7 ± 2 .0

1 64.5 ± 3 .1 5 0 .2 ± 2 .8

2 5 7 .4 ± 2 .8 5 5 .7 ± 2 .3

3 7 3 .6 ± 6 .5 6 0 .2 ± 1 .3

4 5 8 .6 + 2 .3 6 3 .7 ± 4 .3

5 6 7 .0 ± 4.4 5 9 .5 ± 3 .7

6 6 6 .0 ± 4 .7 7 5 .0 ± 1 0 .0

7 6 3 .9 ± 2 .7 7 1 .2 ± 6 .6

8 8 8 .5 ± 3 .3 151 ± 2 6 .2

9 9 6 .1 + 4.1 1 2 0 .7 ± 9 .2

10 9 0 .0 ± 5 .0 1 0 3 .2 ± 9 .5

11 1 0 2 .9 ± 3 .1 119 ± 1 8 .1

12 9 9 .9 ± 3 .6 101 ± 1 5 .3

13 9 4 .6 ± 2.4 167 ± 1 9 .7
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Table 20
Mean weekly values of serum biochemistry during the latter part

of the experiment of the four calves in Group four which only received the
initial infection of 750 metacercariae of P. hepatica.

eks
t e r
f e c t i o n

Mean serum 
a lb u m in  le v e l  
(gms/100  m l)

Mean t o t a l  
serum  g lo b u l in e  
(g m s . / lo o  m l)

Mean S .G .O .T . 
le v e ls
( S . - P .  u n i t s )

17 2.10 ± .09 4.42 ± .15 61.2 ± 6.8

18 2.26 ± .09 4 .3 8 ± .14 5 5 .5 ± 3 .9

19 2.16 ± .02 4 .4 7 ± .16 6 0 .5 ± 3 .9

20 2.38 ± .05 4 .5 5 + .26 6 5 .5 *± 6 .7

21 2.35 ± .04 4 ,9 2 ± .2 7 6 0 .5 ± 3 .9

22 2 .2 3 ± .02 4 .7 5 ± .18 6 5 .0 ± 4.4

23 2.16 ± .0 7 4 .9 6 ± .28 5 4 .0 ± 2 .9

24 2 .1 9 ± .11 4.88 + .21 7 2 .5 ± 5 .9

25 2 .2 9 ± .05 4 .5 3 + .21 7 7 .2 ± 2.0

26 2 .3 2 ± .0 3 4 .3 0 ± .15 7 6 .7 ± 4.8

27 2 .1 5 ± .05 4 .3 3  ± .1 7 7 8 .7 + 5 .1

28 2.28 ± .05 4 .3 6 ~± .1 3 84.5 ± 5 .8

29 2 .3 1 ± .0 3 4 .2 9 + .14 1 0 5 .2 ± 12.1

30 2 .2 5 ± .05 4 .1 8 ± .14 1 0 3 .0 ± 1 5 .2



Table 21
Mean w e e k ly  w e ig h ts  o f  th e  4 c a lv e s  i n  G roup 1 f o l lo w in g  t h e i r  

r e in f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  o f  F .  h e p a t ic a  and th e  mean w e e k ly  

w e ig h ts  o f  th e  f o u r  c a lv e s  i n  G roup 2 f o l lo w in g  t h e i r  t r e a tm e n t  w i t h  

n i t r o x y n i l  and su b se q u e n t r e i n f e c t i o n  w i th  1,650 m e ta c e rc a r ia e  o f  

P . h e p a t ic a .

Weeks
a f t e r
r e in f e c t i o n

Mean w e ig h t o f  4 
r e in f e c t e d  c a lv e s

Mean w e ig h t o f  4 
t r e a te d  and r e in f e c t e d  
c a lv e s

( lb s . ( lb £

0 460 ± 26 410 ± 34

1 481 ± 22 451 ± 18

2 497 ± 24 465 ± 17

3 501 ± 26 461 ± 22

4 529 ± 24 491 ± 17

5 550 ± 24 503 ± 20

6 556 ± 30 519 ± 19

7 579 ± 30 537 ± 19

8 600 ± 26 563 ± 16

9 599 ± 26 549 ± 17

10 616 ± 32 564 ± 17

11 633 ± 32 580 ± 23

12 626 ± 26 577 ± 15

13 652 ± 22 591 ± 11



Table 22
Mean w e e k ly  e r y th r o c y te  c o u n ts  o f  th e  4 c a lv e s  i n  G roup 1 f o l lo w in g  

t h e i r  r e i n f e c t i o n  w i th  1,650 m e ta c e rc a r ia e  o f  P . h e p a t ic a  and th e  mean 

w e e k ly  e r y th r o c y te  c o u n ts  o f  th e  f o u r  c a lv e s  i n  G roup 2 f o l lo w in g  t h e i r  

t r e a tm e n t  w i t h  n i t r o x y n i l  and. su b se q u e n t r e in f e c t io n  w i th  1 ,6 5 0  m e ta c e rc a r ia e  

o f  P . h e p a t ic a .

Weeks
a f t e r
r e in f e c t io n

Mean R .b . c .  c o u n t 
o f  4 r e in f e c t e d  
c a lv e s
(m il l io n s /c u .m m .  )

Mean R .b .c .  c o u n t 
o f  4 t r e a te d  and 
r e in f e c t e d  c a lv e s  
( m i l l io n s / c u .m m . )

0 6 .9 8  ± .21 7 .3 4 ± .51

1 7 .3 0  ± .19 7.24 ± .52

2 6 .8 5  ± .3 2 6 .0 7 ± .86

3 7 .3 0  ± .3 2 6 .9 8 ± .64

4 6 .7 8  ± .3 1 6 .5 8 ± .52

5 6.84  ± .3 3 6 .8 6 ± .5 9

6 . 6 .7 8  ± .48 6 .7 5 + .44

7 6 .7 3  ± .2 8 6 .7 7 ± .35

8 6 .6 3  ± .35 6 .5 6 ± .42

9 6 .7 6  ± .4 7 6 .7 6 ± .38

10 6 .5 3  ± .3 2 6 .3 1 ± .28

11 6 .5 1  ± .38 6 .3 1 + .11

12 6 .3 3  ± .38 5 .7 4 ± .28

13 6 .3 1  ± .34 5 .9 8 ± .17



Table 2^
Mean w e e k ly  packed  c e l l  vo lum es o f  th e  4 c a lv e s  i n  G roup 1 f o l lo w in g  

t h e i r  r e in f e c t i o n  w i t h  1 ,6 5 0  m e ta c e rc a r ia e  o f  p .  h e p a t ic a  and th e  mean 

w e e k ly  e r y th r o c y te  c o u n t o f  th e  f o u r  c a lv e s  i n  G roup 2 f o l lo w in g  t h e i r  

t r e a tm e n t  w i t h  n i t r o x y n i l  and su b se q u e n t r e i n f e c t i o n  w i t h  1 ,6 5 0  m e ta c e rc a r ia e  

o f  p .  h e p a t ic a .

Weeks
a f t e r
r e in f e c t i o n

0

1
2

3

4

5

6

7

Mean p . c . v .  o f  
4 r e in f e c t e d  
c a lv e s

Mean p . c . v .  o f  
4 t r e a te d  and 
r e in f e c t e d  c a lv e s

10
11
12

13

34.5  1 1 .3 4

3 5 .2  ± .6 6

3 3 . 7  ± 1 . 2 5

3 5 .5  ± .02

3 2 .2  ± .8 3

3 3 .2  ± .9 0

3 4 .0  ± 2 . 0

3 3 .7  ± 1 .3 0

3 1 .2  ± 1.48

3 3 .0  ± 1 .7 1

3 1 .5  ± 1.41

3 1 .2  ± 1 .9 8

3 1 .7  ± 1.48

2 9 .7  ± 1 .6 3

34.0  ± 1.22
3 4 .2  ± 1 .2 5

2 8 .7  ± 3 .1 5

3 2 .0  ± 1 .5 0

3 1 .0  ± 1 .2

3 2 .0  ± 1 .2 7

32.2 ± 1.20
3 0 .5  ± 1 .0 9

3 0 .7  ± 1 .3 0

3 2 .5  ± .5 6

2 9 .5  ± 1.14

3 1 .0  ± 1 .5 0

2 9 .7  ± .8 3

2 9 .7  ± 1 .5 6



Table 24
Mean w e e k ly  h a e m o g lo b in  c o n c e n t r a t io n  o f  th e  4 c a lv e s  i n  G roup 1 

f o l lo w in g  t h e i r  r e i n f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  o f  F .  h e p a t ic a  and 

th e  mean w e e k ly  h a e m o g lo b in  c o n c e n t r a t io n  o f  th e  f o u r  c a lv e s  i n  G roup 2 

f o l lo w in g  t h e i r  t r e a tm e n t  w i t h  n i t r o x y n i l  and su b se q u e n t r e i n f e c t i o n  w i t h

1 ,6 5 0  m e ta c e rc a r ia e  o f

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

Mean h a e m o g lo b in  
c o n c e n t r a t io n  o f  4 
r e in f e c t e d  c a lv e s  

(g m s ./lO O  m l. )

Mean h a e m o g lo b in  
c o n c e n t r a t io n  o f  4 
t r e a te d  and r e in f e c t e d  c a lv e s  

(g m s ./Too m l. )

0 1 1 .7 + .3 6 1 1 .2 ± .30

1 1 1 .7 ± .10 1 1 .3 ± .3 8

2 11.1 ± .30 9 .5 ± 1 .0 5

3 12,2 ± .2 8 1 0 .7 ± .3 8

4 11.1 + .36 10.4 ± .3 6

5 11.0 ± .4 7 1 0 .7 ± .30

6 1 1 .3 ± .45 10.8 ± .23

7 11.2 ± .35 1 0 .3 ± .24

8 10.2 ± .41 10.0 ± .38

9 1 0 .9 ± .60 11.0 ± .1 3

10 1 0 .3 ± .4 6 10.1 ± .40

11 1 0 .7 ± .6 7 1 0 .9 ± .42

12 1 0 .9 ± .50 10.6 ± .3 6

13 1 0 .9 ± 1,63 11.0 ± .5 9



T a b le  25■ ' I l  I I « —I

Mean w e e k ly  mean c o rp u s c u la r  vo lum es o f  th e  4 c a lv e s  i n  G roup 1 

f o l lo w in g  t h e i r  r e in f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  o f  P . h e p a t ic a  and. 

th e  mean w e e k ly  mean c o rp u s c u la r  vo lum es o f  th e  4 c a lv e s  i n  G roup 5 

f o l lo w in g  t h e i r  t r e a tm e n t  w i t h  n i t r o x y n i l  and. su b se q u e n t r e in f e c t i o n  

w i t h  1 ,6 5 0  m e ta c e rc a r ia e  o f  p .  h e p a t ic a .

Weeks
a f t e r
r e in f e c t i o n

0

1
2

3

4

5

6

7

8

9

10
11
12

13

Mean M .G .V  o f  
4 r e in fe c te d ,  
c a lv e s
(c u ,  m ic ro n s )

4 9 .4  ± 1 .5 2

48.4  ± 1 .8 7

4 9 .5  ± 1 .9 9

4 9 .0  ± 2 . 0 0

4 7 .8  ± 1 .6 0

48.9  ± 2 .0 7

5 0 .4  ± 2 .3 2

5 0 .2  ± 1 .1 8

4 7 .3  ± 1 .7 7

4 9 .5  ± 1 .8 7

48.4  ± 1 .6 3

48.0  ± 1 .5 4

5 0 .3  ± .8 2

4 5 .5  ± 1 .7 1

Mean M .G .V . o f  
4 t r e a te d  and 
r e in f e c t e d  c a lv e s  
( c u ,  m ic ro n s )

46.8  ± 2 .1 1

4 7 .9  ± 1 .3 5

48.2  ± 1 .9 2

46.6  ± 2 .5 3

4 7 .7  ± 2 .1 9

4 7 .4  ±  2,14

48.2  ± 2 .1 2

4 5 .2  ± .88

4 7 .2  ± 1 .9 1

48.5 ± 2 .0 8

48.2  ± 2 .3 5

4 9 .0  ± 1 .9 3

5 2 .4  + 3 .5 1

4 9 .7  ± 2 .5 5



Table 26
Mean w e e k ly  mean c o rp u s c u la r  h a e m o g lo b in  c o n c e n t r a t io n  o f  th e  4 

c a lv e s  i n  G roup 1 f o l lo w in g  t h e i r  r e in f e c t io n  w i th  1,650 m e ta c e rc a r ia e  

o f  p .  h e p a t ic a  and th e  mean w e e k ly  mean c o rp u s c u la r  h a e m o g lo b in  c o n c e n t r a t io n  

o f  th e  4 c a lv e s  i n  G roup 2 f o l lo w in g  t h e i r  t re a tm e n t  w i t h  n i t r o x y n i l  and 

su b se q u e n t r e i n f e c t i o n  w i th  1,650 m e ta c e rc a r ia e  o f  p .  h e p a t ic a .

Weeks
a f t e r
r e in f e c t i o n

Mean M .C .H .C . 
o f  4 r e in f e c te d  
c a lv e s

Mean M .C .H .C . o f  
4 t r e a te d  and r e in f e c te d  
c a lv e s

( ( ^ )

0 33.9 ± .4 3 3 3 .1 ± .38

1 33.1 ± .51 3 2 .9 ± .46

2 33.1 ± .5 0 3 3 .0 ± .5 2

3 34.4 ± .56 3 3 .4 ± .6 7

4 34.4 ± .5 3 3 3 .7 ± .28

5 33.0 ± .7 7 3 3 .5 ± .42

6 33.5 ± 1.28 3 3 .5 ± .78

7 33.3 ± .42 3 3 .9 ± .64

8 32.7 ± .4 9 3 2 .7 ± .20

9 3 2 .8 ± ,42 3 3 .9 ± .7 7

10 3 2 .8 ± .2 9 3 2 .9 ± .70

11 34.2 ± .40 3 4 .9 ± .6 3

12 34.3 ± .30 3 5 .8 ± .35

13 3 8 .2 ± 1 .4 9 3 7 .0 ± .75



T a b l e  27

Mean weekly  serum albumin le v e l  o f  the 4 c a lve s  in Group 1 f o l l o w i n g  

t h e i r  r e i n f e c t i o n  w i t h  1,650 m e ta c e r c a r ia e  o f  F. h e p a t ica  and the mean weekly  

serum albumin leve l  o f  t h e  4 ca lv es  in Group 2 f o l lo w i n g  t h e i r  t re a tm e n t  

w i t h  n i t r o x y n i l  and subsequent r e i n f e c t i o n  w i t h  1,650  m eta cerc a r iae  o f  

P. h e p a t i c a .

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

Mean serum albumin  
l eve l  o f  4 r e i n f e c t e d  
ca Ives  

(gms. / lOO m l . )

Mean serum albumin  
l e v e l  o f  4  t r e a t e d  and 
r e i n f e c t e d  ca lv es  

(gms, /lOO m l . )

0 1.83 ± .0 6 1.90 ± .09

1 2 .1 6 ± .05 2 .1 3 ± .0 7

2 2 .1 6 ± .0 4 2 .1 3 ± .0 9

3 2 .20 ± .07 2.31 ± .04

4 2 .10 ± .0 4 2 .2 2 ± .06

5 2 .4 2 ± .06 2 .32 + .03

6 2 . 2 8 ± .0 9 2.40 ± .0 7

7 2 .10 ± .0 4 2 .39 ± .02

8 2 .2 6 ± .05 2 .33 ± .07

9 2 .1 6 + .07 2 . 2 7 ± .07

10 2 .1 6 + .0 2 2 .2 6 ± .06

11 2 .3 9 ± .03 2 .3 9 ± .0 8

12 2 . 2 4 ± .03 2 .25 ± .05

13 2,20 + .09 2 .25 + .05



Table 28

Mean weekly t o t a l  serum g l o b u l in s  o f  the  4 ca lv es  in Group 1 f o l lo w i n g  

t h e i r  r e i n f e c t i o n  w i t h  1,650 m e ta c e rc a r ia e  o f  F. h e p a t ic a  and the mean weekly  

t o t a l  serum g l o b u l in s  o f  t h e  f o u r  ca lves  in Group 2 f o l l o w i n g  t h e i r  t rea tm e n t  

w i t h  n i t r o x y n i l  and subsequent r e i n f e c t i o n  w i th  1,650 m e ta c e rc a r ia e  o f  

F. h e p a t i c a .

W e e k s  
a  f t e r
r e i n f e c t i o n

Mean t o t a l  serum 
g lo b u l in s  o f  4 
r e i n f e c t e d  ca lves

Mean t o t a l  serum g l o b u l in s  
o f  4 t r e a t e d  and 
r e i n f e c t e d  ca lv es

(gms. / lOO m l . ) (gms. / l o o  m l . )

0 4 . 8 7 ± .11 5 . 1 4 ± .16

1 4 . 7 4 ± .19 4 . 6 9 ± .15

2 4 . 5 7 ± .19 4 . 6 4 ± .20

3 4 . 7 7 ± .25 4 .8 0 ± .23

4 4 . 7 4 ± .18 4 . 9 3 ± .12

5 4 . 8 8 ± .22 4 . 8 3 ± .11

6 4 . 8 9 ± .22 4 . 8 3 ± . 1 1

7 5 . 0 7 ± .1 9 4 .6 6 ± .07

8 4 . 5 6 ± .24 4 . 3 6 ± .11

9 4 . 5 6 ± .26 4 . 4 2 ± .13

10 4.51 + .22 4 . 3 4 ± .26

11 4 .2 5 ± .2 4 4 .5 0 ± .25

12 4 . 3 8 ± .13 4 . 4 0 ± .09

13 4 , 4 2 ± .19 4 . 3 2 ± .17



Table 29

Mean weekly  serum g l u t a m i c - o x a l o a c e t i c  t ra n s a n in a s e  l e v e l s  o f  the  

fo u r  ca lves  in Group 1 f o l l o w i n g  t h e i r  r e i n f e c t i o n  w i th  1,650 m e ta c e rc a r ia e  

o f  F. hep a t ica  and the  mean week ly  serum g lu tamic-dehydrogenase l e v e l s  o f  

th e  f o u r  ca lv es  in Group 2 f o l l o w i n g  t h e i r  t rea tm en t  w i t h  n i t r o x n i l  and 

subsequnet r e i n f e c t i o n  w i t h  1,650 m eta c e rc a r ia e  o f  F. h e p a t i c a .

Weeks
a f t e r
r e i  n f e c t  ion

Mea n S .G .O .T .  
l e v e l s  o f  4  
r e i n f e c t e d  ca lves

Mean S .G .O .T .  l e v e l s  
o f  4 t r e a t e d  and 
r e i n f e c t e d  ca lves

( S . - F . , u n i t s ) ( S . - F . un1 i t s )

0 70 .5 ± 7 .3 53 .5 ± 4.1

1 71 ± 7.0 58 .0 ± 2 .6

2 65 ± 5 . 7 4 9 . 7 ± 1.6

3 73 ± 8 ,2 74 .2 + 16.0

4 6 1 .5 ± 5 . 4 5 5 . 7 ± 2 . 9

5 74 .7 ± 11.0 5 9 . 2 ± 2 . 4

6 6 3 . 2 ± 6 . 5 6 8 . 7 ± 11.5

7 6 6 . 2 ± 5 . 9 6 1 .5 ± 4 . 7

8 8 3 . 2 ± 2 . 7 9 3 . 7 ± 8.1

9 9 5 .0 ± 7 .2 9 7 .2 ± 8 . 9

10 8 5 . 7 ± 4.1 9 4 . 2 ± 13.2

11 106.0 ± 6 . 6 9 9 .7 ± 5 .5

12 9 1 . 7 ± 4 . 6 108.0 ± 7.0

13 9 3 . 2 + 3 . 2 96 ± 5 . 3



Table 30

Number and s i z e  o f  F luke recovered from i n d iv id u a l  c a lve s  in 

Experiment 1.

C a l f  N o ,  F l u k e s  r e c o v e r e d  T o t a l

>  12 m. 6 - 1 2  m. <  6 m,

1 10 7 17

2 8 8 1 17

3 45 1 46

4

5 5 3 4 12

6 19 8 27

7 12 14 3 29

8 2 4 6

9 6o 2 6 68

10 105 6 5 116

11 175 7 6 188

12 89 4 7 100

13 37 37

14 6 1 7

15 6 3 1 10

16  21 -  21

17 45 28 2 75

18 79 30 22 131

19 35 21 4  60

20 185 89 4 278



Table ;$!
I n d iv id u a l  w e e k ly  w e ig h ts  ( l b s . )  o f  c a lv e s  d u r in g  E x p e r im e n t 1 .

C a l f  Weeks
N o.

0 1 2 3 4 i 6 7 8 10 11 12 13 14

1 257 253 261 281 294 305 317 337 361

_

386 412 413 432 452 460

2 218 221 220 243 250 270 284 294 325 330 , 346 355 385 412 416

3 208 208 228 249 257 282 290 312 333 342 344 365 375 4l 4 418

4 180 188 196 218 224 252 263 274 296 304 312 320 336 340 356

5 231 249 249 268 282 291 308 315 345 348 347 362 368 392 409

6 250 242 250 268 274 291 311 334 353 367 394 4o4 4o8 431 452

7 206 211 214 244 244 262 270 283 310 322 342 358 370 372 379

8 169 173 186 200 206 220 225 243 269 269 286 300 312 322 338

9 206 204 221 234 24o 256 276 309 340 338 358 389 385 412 420

10 237 233 242 262 276 290 310 335 351 359 365 390 383 404 426

11 200 200 212 235 242 260 277 292 317 334 340 359 383 408 416

12 172 172 176 200 ' 200 210 224 247 263 266 278 297 296 312 305

13 252 245 225 271 284 291 312 331 357 376 398 418 430 458 478

14 228 233 236 261 271 276 283 303 315 335 341 398 356 378 389

15 200 200 205 229 234 250 264 281 300 300 315 323 348 364 389

l6 192 198 211 240 250 264 288 312 337 348 360 375 4©0 426 440

17 272 272 297 316 324 336 357 388 409 419 401 457 478 500 513

18 214 206 223 244 244 253 276 300 316 324 347 364 380 4o6 412

19 174 174 182 200 211 220 240 254 272 269 290 310 328 354 372

20 272 282 295 325 330 342 358 380 4o4 420 430 458 474 500 512

G roup 1 = c a lv e s  1-4  G roup 4 -  c a lv e s  13-16

G roup 2 = c a lv e s  5-8  G roup 5 = c a lv e s  17-20

Group 3 = calves 9-12



13 ,
16 17 18 . „ 19, 20 24 23 26 27 28 30

480 491 538 544 572 575 600 622 640 665 670 672 692 724 674 732

446 465 468 504 505 500 540 570 575 590 620 620 645 650 670 686

413 4l 6 440 452 470 500 512 520 530 560 586 576 608 618 612 624

372 387 396 426 440 • 430 465 490 480 500 525 530 520 540 550 566

420 428 442 466 470 450 490 490 510 520 530 540 555 560 570 558

468 479 496 504 520 534 545 568 581 598 618 606 617 650 620 655

319 323 312 4l 6 44o 450 478 495 510 534 554 540 566 584 582 606

353 364 392 418 430 410 450 46o 475 495 550 510 520 525 535 546

441 450

449 454

426 454

322 330

500 518 532 542 562 589 602 614 624 658 664 669 700 705 696 710

405 415 450 438 46o 455 500 525 5: ^ 545 555 545 565 565 575 591

4o 6 423 426 446 453 450 500 510 520 545 540 535 540 555 565 576

456 462 496 496 520 517 548 566 576 595 622 608 639 654 662 674

528 549 556 572 570 5 8 3 602 628 634 650 678 664 684 698 700 700

432 448 462 476 510 490 550 520 510 510 525 525 540 545 565 595

394 411 4l 4 434 450 445 48o 500 498 520 555 545 555 560 580 590

534 552 580 586 600 610 620 642 656 682 708 700 688 716 724 740



Individual weekly erythrocyte counts (raillions/cu. ram.) of calves during

C a l f
No.

Weeks

10 11 12 13 14
8.33 6 .5 8  6 .7 7  7 .1 4  6 .7 2  7 .0 3  6 .9 2  7 .3 5  7 .6 2  7 .8 9  7 .8 3  7.14  7.46  7.75 8 .3 6

2 7 .1 6  7 .0 7  6 .5 9  7 .1 2  6 .6 1  6 .9 9  6 ,7 6  6.88  7.04  6 .2 5  6.59  6 .2 9  6 .8 0  6 .5 0  6 .1 5

3  7 .5 9  8 .1 9  7 .6 6  8 .0 1  7.84  8 .0 3  8 .5 4  8 .7 3  8.46  7 .8 6  8 .0 1  7 .8 5  8.41  7 .9 0  7.73

4 7 .3 1  7.46  7 .1 0  7 .6 5  7 .1 3  7 .0 0  7 .2 4  7.64  7.99  7 .5 0  7.44  6 .9O  6 .9 0  7.45  6 .9 0

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

6 7 .0 1  7.41  7 .0 9  7 .6 8  7 .0 3  7 .1 7  7 .0 1  7 .2 4  7 .1 0  7 .2 3  7 .1 5  6 .8 9  7 .0 8  7 .2 1  6 .5 1

7 7 .1 8  7 .5 2  7 .3 2  7 .9 6  8 .0 2  7 .5 7  7 .1 9  7 .8 6  7 .8 3  8 .0 5  8 .5 5  8 .6 7  9 .0 8  8.46  7 .4 9

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

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

7 .6 7  6 ,5 7  6 .5 1  6 .6 7  6 .3 4  6 .5 2  6 .3 5  6 .3 4  6 .8 7  6 .5 3  6 .3 5  6 .1 0  6 .2 2  6 .6 0  6 .9 3

: cCi T  T T  -zn T  r \ i  t  t  Jn t  n r Q O  ?  i - o  "v m  t  JiQ "v o >7  <7 t  m

9

10
11
12

13

14

15

16

• Of u#3f o*^-L o*Of o • o • [ 5 o • D• o«Of o • D• J-U o • o • OU o • y^

7 .6 7  6 .6 1  7 .1 9  7 .3 1  7 .0 1  7 .6 0  7 .4 1  7.64  7 .8 8  7 .5 2  7 .9 1  7.48  7 .2 7  7 .6 5  7 .0 1

7 .0 1  7 .1 0  6 .6 2  6 .8 3  6.44  6 .7 4  6 .5 4  6 .9 1  7.64  6.49  6.57  6 . 4o 6 .5 6  6.74  7 .5 2

7 .3 5  7.04  7 .3 0  7 .3 8  7 .3 1  7 .4 3  6 .8 9  7 .0 5  6 .9 2  6 .7 8  6 .9 8  7 .0 6  7 .2 1  7 .2 0  7 .3 2

6 .4 9  7 .3 0  7 .7 7  7 .9 6  6 .9 8  7 .6 1  7 .4 5  7.42  8 .0 5  7 .2 9  7.46  8 .5 1  6 .8 0  7 .2 2  7 .3 1

8 . 4o 8 .4 5  7 .9 8  8 .1 5  8 .2 9  7 .9 2  7 .7 8  8 .2 1  8 .8 9  9 .0 6  8 .1 1  8 .5 2  8 .5 2  8 .5 8  6 .9 4

8 .7 6  7 .9 8  7 .8 6  8 ,1 2  7 .9 1  8 ,0 6  7 .9 2  7 .8 8  8 .5 7  8 .0 6  7 .8 3  8 .3 0  8 ,1 7  8 ,3 1  6 .6 3

17 8 ,2 9  7,48  7 .6 9  7 .8 2  7 .1 5  7 .8 3  7 .6 9  7 .7 4  7 -9 1  7 .0 6  7 .9 4  7 .3 5  7.40 7 .4 3  7 .4 2

18 6 ,8 2  6,88  6 ,6 0  6 .2 2  6 ,2 5  6 ,3 7  6,42  6 .6 9  6 .6 3  6 .6 7  6 .7 8  6 . 5 I  7.40  6,24  6 ,7 0

19 6 .8 5  7 .3 7  6.88  7 .0 7  6 ,9 4  7 .1 6  6 .7 9  6 .5 9  7 .2 1  7 .0 3  6 .5 0  5 .9 9  7 .1 1  6 .7 1  6 .3 1

20 6 .8 5  6 .6 9  6 .7 1  6 ,8 7  7 .2 2  7 .6 7  7 .2 6  7 .5 6  7 .1 3  7 .7 9  7 .5 0  7 .1 6  7 .7 5  8 ,0 1  7.46

G roup 1 = c a lv e s  1-4

Group 2 = c a lv e s  5“ 8

Group 3 = calves 9-12

G roup 4 = c a lv e s  1 3 - I6

G roup 5 = c a lv e s  17-20



Experiment 1.

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30— — — — — — — — — — — — — , — -  — — — — — — — — — ~ -1 — — — — — — — — — — — —   — — — — — — -| -  -,  - , T — —I — - I I 1 I -\T 1 I 1 |—6 -» 1^

7 .7 3  8 .0 8  7 .5 8  7 .8 6  7.46  7 .1 7  6 .7 4  7 .1 0  7 .3 2  6 .5 1  6 .5 6  6 .2 7  6 .1 7  5 .7 0  5 .1 0  5 .7 1

6 .4 5  6.44  6 .3 9  6 .7 8  5 .7 8  6 .3 1  5.84  5 .8 8  5 .3 8  6 .1 6  5 .8 9  5 .7 1  5 .9 4  6 .3 8  6 .3 1  6 .0 7

6 .0 8  7 .0 0  6 .9 1  7 .2 2  7.14  8 .0 3  7 .6 1  7 .7 1  7 .9 5  7 .6 6  7 .7 8  8 .2 8  7 .6 3  7 .7 6  7.14  7 .4 7

7.14  7 .3 5  7 .0 5  7 .3 4  7 .0 3  7 .6 9  6 .9 3  6.68  6 .4 9  6 .5 9  6 .3 1  6 .7 8  6 .3 9  6 .2 0  6 .7 6  5 .9 9

7 .0 5  7 .7 6  7 .7 0  7 .2 8  3 .7 8  6 .5 4  5 .7 7  5 .7 6  5 .7 4  6 .5 7  6 .2 8  6 .6 0  6 .1 6  6 .1 3  6 .5 5  6 . 4l

6 .7 8  6 .8 5  6 .9 8  7 .0 1  6 .8 1  6 .5 6  6 .4 5  7 .1 9  7 .0 6  6 .9 2  7 .4 9  6 .5 1  5 .6 7  6 .0 8  5 .5 2  5 .7 5

6.84  8 .1 1  8 .7 5  8 .8 7  8 .4 3  9 .1 2  8 .3 3  8 .6 5  8 .0 5  7 .7 7  7 .1 7  8 .0 1  7 .2 1  6 .4 3  6.66  5.94

5 .7 3  5 .3 3  5 .9 3  5 .7 9  5 .2 8  5 .7 0  5 .7 7  5 .8 3  6 .1 7  6.84  5 .3 2  5 .9 4  6 .2 1  6 .6 2  5.14  5.84

7.04 7 .1 1  

6 .5 2  6 .8 2

7 .2 1  8 .0 8  

6 .9 2  8 .0 2

6 .9 7  6 .5 3  6 .9 5  6 .2 0  6.64  6 .2 7  7 .4 7  6.46  6 .6 7  6.49  6 .2 8  6.45  6.74  5 *8 2  5 .3 4  5 .6 8

7 .2 2  7 .3 3  7.41  6 .5 3  7 .0 1  7 .3 0  7 .5 3  6 .5 4  6 .0 6  6 .7 1  6 .4 5  6 .3 3  6.14  6 .3 1  6.46  6 .6 3

7 .5 9  7 .5 6  8 .6 2  8 .1 3  8.14  8 .3 9  7 .9 9  7 .5 0  7 .7 5  7 .9 6  7 .3 4  7 .7 0  7 .3 9  7 .1 9  6 .5 6  7 .1 6

7 .0 6  6 .3 6  7 .0 7  7 .0 9  7 .5 4  7 .3 2  7 .3 1  7.64  7 .8 9  7 .5 8  7 .0 7  7 .5 0  7 .3 0  6 .7 8  6.68  7 .1 5

6 .7 2  7 .3 4  7 .4 5  6 .9 3  6 .8 1  7 .4 3  7 .8 7  7 .5 6  7 .4 2  7.40  7 .2 9  7 .5 6  6.84  6.48  5 .8 7  6 . 4o

6 .4 3  6 .5 1  7 .1 3  6 .8 1  6 .5 3  6 .5 8  6 .5 9  4.41  5 .2 1  5 .5 9  5 .6 9  5 .7 3  6 .2 2  6 .7 1  6 .2 3  6 .2 5

6 .3 4  6.41  6 .5 8  6 .1 0  6 .0 6  5 .8 6  5 .9 2  5 .8 5  5 .5 0  5 .5 3  5 .5 3  5 .5 9  5 .3 2  4 .8 5  5 .0 0  5 .3 3

7 .2 0  7 .2 2  6 .9 0  7 .2 7  6 .5 0  6 .4 7  6.4  6 .1 7  7 .1 9  6.64  6 .4 9  6 .3 3  5 .5 5  5 .5 1  5 .0 0  5 .4 2



I n d iv id u a l  w e e k ly  packed c e l l  vo lum e ( ^ )  o f  c a lv e s  d u r in g  E x p e r im e n t 1 .

C a l f  Weeks
No.

0 1 2
. 5 . .

6 7 8 10 11 12
„ . 15. 1^

1 50 52 50 5 0 .5 55 50 55 54

-r .

54 55 52 52 54 40

2 55 54 5 1 .5 55 5 2 .5  54 52 55 55 51 52 50 55 55 29

5 54 54 55 55 5 2 .5 55 55 55 57 55 55 54 55 55 52

4 5 5 .5  54 5 1 .5 55 5 0 .5 51 50 36 54 55 52 29 29 52 29

5 5 4 .5  55 52 52 5 1 .5 55 51 52 55 52 55 54 50 51 52

6 54 5 4 .5 5 5 .5 55 55 52 52 51 55 54 52 51 50 55

7 50 50 5 0 .5 3 0 .5 52 52 51 51 52 54 55 56 56 54 34

8 5 0 .5 51 50 29 29 51 29 30 51 52 50 29 27 50 51

9 32 55 5 4 .5  52 54 55 29 55 55 55 54 54 54 52 54

10 32 31 33 32 31 33 30 32 32 31 33 32 32 33 36

11 33 30.5 31 30.5 30 32 29 51 53 52 53 30 28 31 28

12 3 3  33 3 0 .5  30 29 30 30 29 30 29 29 29 29 30 32

15 53 32 33 .5  32 30 .5  33 30 30 31 31 33 32 33 32 34

14 3 2 .5  31 33 3 0 .5  31 32 29 29 33  29 31 3  28 29 33

15 35 35 3 3 .5  3 2 .5  34 34 30 34 35 35 35 35 33 34  34

16 37 33 35 33-5 33 35 31 33 36 33 33 33 34 35 33

17 36 33 34 32 30 34 31 32 34 30 31 30 30 30 33

18 32 33 33 2 7 .5  30 31 33 33 33 32 34 32 32 29  35

19 30 33  3 0 .5  31 30 29 29 29 32 30 28 27 29 30 29

20 3 2 .5  3 1 .5  33 3 1 .5  32 3  32 33 33 34  33 32 31 35 31



16_ 17 18 19 20 21 22 25 24 25 26 27 28 29 50

4o 4o 59 57 58 55 52 55 57 55 28 50 29 26 27 27

55 56 54 56 52 55 51 55 51 55 51 52 52 54 52 50

50 51 55 54 55 56 55 56 59 58 56 59 56 56 55 55

55 54 52 54 52 56 51 51 29 51 50 52 29 29 55 27

55 55 54 54 19 29 50 29 51 51 52 55 52 50 51 52

52 52 52 54 52 51 29 54 55 51 54 51 26 50 51 29

55 56 58 58 56 57 55 55 54 55 50 54 29 28 27 25

50 50 52 51 28 51 50 50 29 27 27 52 51 56 50 55

51 29

54 55

55 54

54 54

55 50 52 52 51 27 54 51 55 50 51 50 52 28 28 50

55 51 50 27 29 50 29 28 27 29 26 26 29 29 50 27

55 54 56 54 55 56 54 51 55 55 55 52 50 50 50 52

54 52 51 50 52 55 54 55 55 52 52 55 51 52 55 50

51 50 51 50 50 52 54 55 54 55 55 52 50 52 52

52 55 55 55 54 55 24 50 29 55 52 54 56 54 55

50 50 50 28 29 29 28 26 26 26 26 26 26 24 29 27

52 51 50 52 50 50 28 28 54 51 55 29 24 28 51 29



T a b le  54
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I n d iv id u a l  w e e k ly  haem og lob in , le v e ls  (g m s ./lO O  m l . )  o f  c a lv e s  d u r in g

C a l f  Weeks
No.

0 1 2 5 ... _  4 _ _ 3.__ 6 7 8 9 10 11 12 15 14

1 11.7 9 .5 9.8 11,2 9.8 10.9 10.5 11.2 11.2 11.7 11.2 10.7 11.8 12.0 1 5 .5

2 11.4 10.9 10.1 10.9 10.1 11.5 11.0 11.5 12.0 11.5 12.0 10.7 12.2 11.6 10.4

5 11.5 11.5 11.2 12-2 11.1 11.9 12.5 12.5 12.9 12.2 12.1 11.9 12.6 12.4 1 1 .9

4 1 2 .1 11.5 1 1 .0 1 2 .0 1 1 .0 1 0 .9 10.5 15.0 12.4 1 2 .5 11.7 1 2 .0 1 0 .6 11.9 1 0 .9

5 11.4 1 1 .1 1 0 .6 11.5 11.5 11.7 1 1 .2 1 2 .0 11.4 11.5 11.4 11.4 1 0 .0 1 1 .8 1 1 .0

6 1 1 .2 1 1 .6 1 1 .2 1 1 .2 11.4 11.4 1 1 .2 1 1 .6 11.4 1 2 .1 11.4 1 1 .0 11.5 11.7 1 1 .6

7 9.7 1 0 .1 9.9 10.5 1 0 .6 10.5 1 0 .1 1 0 .9 10.7 1 1 .2 11.7 1 1 .6 15.0 1 2 .0 1 1 .5

8 9.8 10.5 9.9 1 0 .2 9-8 10.7 1 0 .2 10.9 10.7 11.5 10.9 10.4 10 11.5 1 0 .6

9 1 1 .0 1 1 .6 1 2 .0  11.45 1 2 .6 1 1 .6 11.4 1 2 .5 1 2 .5 15.4 1 2 .6 1 1 .9 1 2 .6 1 2 .5 1 2 .2

10 11.5 10.7 1 1 .0 1 1 .2 10.9 1 1 .1 1 1 .0 11.7 1 1 .9 11.4 11.4 10.7 11.5 1 2 .6 1 2 .1

11 1 1 .1 1 0 .0 1 0 .2 10.9 1 0 .6 11.4 1 0 .6 1 1 .2 1 1 .6 11.5 11.5 1 1 .1 10.4 11.9 10.4

12 1 0 .8 1 0 .2 1 0 .1 10.7 9.8 1 0 .6 9.8 1 0 .6 1 1 .0 10.5 9.7 9.4 10.7 10.9 1 1 .1

15 1 1 .6 10.9 1 1 .2 1 0 .8 10.7 1 1 .0 10.7 1 1 .1 1 1 .0 11.5 11.4 1 1 .2 1 1 .6 11.7 1 2 .0

14 10.7 10.5 10.4 1 0 .6 1 0 .6 1 0 .8 1 1 .0 10.9 11.9 1 0 .9 1 1 .0 11.9 12.5 1 0 .9 1 1 .5

15 11.5 11.7 10.7 11.45 1 1 .6 1 2 .0 1 1 .2 1 2 .0 11.9 1 2 .5 1 2 .2 1 1 .8 11.4 1 2 .2 1 2 .6

16 1 2 .1 1 1 .1 1 1 .0 1 1 .1 11.5 11.9 11.4 11.9 11.9 11.5 1 1 .0 10.5 11.9 1 2 .6 1 2 .1

17 1 2 .5 1 1 .6 1 1 .6 1 1 .1 10.9 11.9 11.5 11.5 11.7 10.9 11.7 10.4 1 0 .1 1 1 .6 1 1 .6

18 11.4 1 1 .6 10.9 1 1 .2 10.5 1 1 .1 11.5 12.5 1 2 .2 1 1 .8 1 2 .1 11.5 11.9 11.5 1 2 .5

19 10.4 11.5 1 0 .6 1 0 .8 1 1 .0 1 1 .0 10.7 10.9 11.4 11.5 10.4 9.9 1 0 .6 11.4 1 0 .1

20 1 1 .1 10.5 10.5 1 0 .8 11.5 11.7 1 1 .1 1 2 .2 11.9 1 2 .2 11.5 11.5 11.9 1 5 .0 1 0 .5



Experiment 1.

1 5 . 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

13.1 13 12.9 12.0 12.1 11.6 10.9 10.7 11.6 10.7 9 10.2 9.4 9 9.4 9 0

11.3 11.6 11.5 11.5 10.4 11.8 10.2 10.2 10.1 11.1 10.5 10.3 10.8 11.2 11 11.2

10.2 10.9 11.0 11.7 11.1 12.5 12.2 12.6 12.6 12.4 11.3 13.0 11.6 12.6 12.2 12.8

11.8 12.0 11.3 11.5 11.0 15 11.1 10.5 11 10.7 10.0 10.2 9.5 10.0 11 10.4

11.6 12.0 11.5 11.7 6.1 9.5 9.9 10.1 10.2 10.7 10.3 11.1 10.1 11.0 11.2 11.9

11.5 11.1 10.7 11.2 11.0 10.6 10 11.2 11.4 10.6 11.1 10.8 9.7 11 11 10.7

10.6 11.5 12.1 12.3 11.5 11.7 11.7 11.4 11.0 10.5 9.8 10.7 10.2 7.6 9.4 9.2

10.7 10.1 10.7 10.2 9.4 10.9 10.2 10.1 10.5 9.5 9 11.4 11.4 12 11 12.2

11.1 11

12.0 12.7

11.8 12.4

11.6 12.4

11.7 10.3 10.5 11.1 10.2 9.7 11.6 10.2 11.8 10 10.1 10.0 10.5 10 10.0 10.9

11.6 11 10.5 9 0 9.9 10.1 10 9.6 10 9.5 9.1 9.2 10.5 10.8 11.1 9.7

11.6 12.1 12.2 11.9 11.1 12.2 11.5 10.6 11.3 12.2 11 11.1 10.2 10.8 11.0 11.4

11.6 11 10.1 ,10.1 10.9 11 10.7 11 11.2 10.7 10.8 11.6 10 11.0 11.0 11.6

10.9 10 10.6 9.8 10.2 11 11.7 12.2 11.4 11.5 10.5 11.0 10.8 10.4 11.0 11.4

11.5 11.3 12.1 11.4 11 11.1 11.6 8.1 10.3 10.1 10.8 10.8 11 12 12.0 12.8

10.7 10.6 10.2 9.7 9.6 9.7 9.7 9.6 9 0 9.5 9 9.8 9.8 9 10.9 10.3

11.7 10.9 10.5 11.2 10 10.1 9.7 9.3 11.2 9.0 10.1 10 8.6 9.8 10 10.6



Individual mean corpuscular volumes (cu. microns) of calves during

C a l f
N o.

1

2

5

4

5

6

7

8

9

10
11
12

0 10 11 12
Weeks 

13 14

42 45.6 47.3 42.0 44.6 46.9 43.3 44.9 44.6 43.1 42.1 44.8 42.9 43.9 4 7 . 8

4 8 . 9  48.1 47 46.3 48.4 48.6 47.3 48 49.7 49.6 48.6 47.7 48.5 50.8 47.1

44.8 41,5 43.1 41.2 40.8 4l . l  4l  4o . l  43-7 44.5 41.2 43.3 41.6 44,3 41.4

47.9 45.6 43.7 43.1 42.1 44.3 41.4 47,1 42.5 44 43 42 42 42.9 42

43.6 43 41.5 41.6 42 42.2 42.4 42.2 42.7 42.0 45.2 43.9 41.4 40.9 42.5

48.5 45.9 49.4 43 46.9 46 45.6 44.2 43.7 45.6 47-5 46.4 4 3 . 8  41.6 50.7

4 1 . 8  39.9 41 37.7 39.9 42.3 43.1 39.4 40.9 42.2 40.9 41.5 39.6 40.2 45.4

4 7 .5  46.5 48.8 48.4 47.9 50 49 50.I 50.9 5 0 . 6  49.5 49.1 4 9 . 6  48.1 3 9 . 2

4 2 . 9  41.7 43.2 40 41.6 40.9 39.1 42.4 40.4 40.4 42.2 41.9 41.4 40.2 49.1

41.7 47.2 40.7 48 48,9 50.6 47.2 50.5 4 6 . 6  47.5 52 52.4 51.4 50 51.6

43 45.4 33.1 4l  42.8 42.1 39.1 40.6 41.9 42.5 41.7 4o . l 38.5 40.5 39*9

47.1 46.5 45.3 43.9 45 44.5 45.9 42 39.3 44.7 44.1 45.3 44.2 44.5 42.5

13 44.9 45.4 45.2 43.4 4l .o  44.4 43.5 42.5 44.8 45.7 47.3 45.3 45.8 44.4 46.4

14 4 9 . 3  42.5 42.5 37.2 44.4 42 38.9 39.1 4l  3 9 . 8  41.5 4l . l  41.2 4o .2 45.1

15 41.7 41.4 41.3 3 9 . 5  41.0 42.9 3 8 . 6  41.4 39.4 38.6 43.1 4l .4 38.5 40.3 49

16 42.2 41.3 44.5 40.6 41.7 43.4 39.1 41.9 42 4 0 . 9  42.1 39.8 41.6 42.1 49.7

17 43.4 44.1 44.2 40.9 41.9 43.4 40.3 41.3 43 42.5 39.0 4o .8 4o .5 4o.4  44.5

18 4 6 . 9  48 50 4 3 . 4  48 48.7 51.4 49.3 49.8 48 . 50.1 49.1 43.2 4 6 .5  52.2

19 44.8 44.8 43.6 43.8 43.2 4o .5 42.7 44 44.4 42.7 43.1 45.1 4o.8 44.7 46

20 46.7 46.3 49.2 45.1 44.3 45.6 44.1 43.6 43.3 43.6 44 44.7 4o.O 43.7 41.5



Experiment 1.

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

51.7 49.5 51.4 47 50.9 48.8 47.5 46.5 50.5 50.6 42.7 47.8 47 45.6 52.9 47.3

51.2 55.9 55.2 53.1 55.4 55.5 53.1 56.1 57.6 53.6 52.6 56 53.9 53.3 50.7 49.4

49.3 44.3 47.7 47.1 46.2 44.8 46 46.7 49 49.6 46.3 47.1 47.2 46.4 49 46.8
46.2 46.3 45.4 46.3 45.5 46.8 44.7 46.4 44.7 47 47.5 47.2 45.4 46.8 48.8 45.1

46.8 45.1 44.1 46.7 50.3 44.3 52 50.3 54 47.2 50.9 50 51-9 48.9 54.8 49.9

47.2 46.7 45.8 48.5 47 47.3 45 47.3 49.6 44.8 45.4 47.6 51 49.3 56.1 56.4

48.2 44.4 43.4 42.8 42.7 40.6 42 4o .5 42.5 42.5 41.8 42.4 4o.2 43.5 40.5 42.1

52.3 56.3 54 53.5 53 54.4 52 51.5 47 46.2 50.7 53.9 49.9 54.4 58.4 56.5

44 4o .8

52.1 51.3

45.8 42.1

49.1 42.4

47.3 45.9 46 51.5 46.7 43.1 45.5 48 52.5 46.2 49.4 46.5 47.5 48.1 52.4 52.8

45.7 42.3 40.5 41.3 41.4 41.1 38.5 42.8 44.5 43.2 43.4 4l . l  47.2 45.9 46.4 40.7

46 

48.1 50

.7 42.3 40.5 41.3 41.4 41.1 3b.5 42.b 44.5 43.2 43.4 41.1 47.2 45.9 40.4 40.7

.1 45 41.8 41.8 40.5 42.8 42.5 41.3 42.6 44 44.9 41.6 4o.6 41,7 45-7 44.7

.1 50.3 43.8 42.3 42.4 45.1 46.5 43.2 44.3 42.2 45.3 46.7 42.5 57-2 49.4 42

46.1 40.9 41.6 43.3 44 43.1 43.2 47.2 45.9 45.9 45.6 43.6 46.8 46.3 54.5 5P
49.1 50.7 49.1 51.4 50.5 51.7 50.1 54.4 57.6 57.8 50 55.8 54.7 53.6 54.6 61.2

47.3 46.8 45.6 45.9 47.8 49.4 47.3 44.4 47.3 47 47.0 46.5 48.9 49.5 58 50.7

44.4 42.9 43.4 44 46.1 46.4 43-7 45.4 47.3 46.7 50.8 45.8 43.2 50.8 62 53-5
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I n d iv id u a l  mean c o rp u s c u la r  h a e m o g lo b in  le v e ls  ( ^ )  o f  c a lv e s  d u r in g

C a l f  Weeks
Mo. 0 1 2 3 4 5  6 7 8 9 10 11 12 13 14
1 33.4̂  34.1 30.6 37.3 32.7 33.0 34.3 33.9 32.9 34.4 33.9 33.4 36.9 35.2 33.2
2 32.6 32.1 32.6 33.3 31-6 33.8 34.4 34.8 34.3 36.4 36.6 35.7 37.0 36.1 35.9
3 33.8 33.2 33.9 37.0 34.7 36.1 35.1 35.7 34.9 34.9 36.7 35.0 36.0 35.4 37.2
4 34.6 33.8 36-5 36.3 36.7 35.2 3.0 36.1 36.5 37.3 36.6 41.4 36.5 37.2 37.6

5 33.5 33.6 33.1 3.9 36.4 33.9 36.1 37.5 34.5 3.9 34.5 33.5 33.3 38.1 34.4
6 32.9 34.1 32.0 33.9 34.5 33.9 3.0 3.2 36.8 3.7 33.5 3.4 3.1 3  3.1
7 32.3 33.7 33 3 . 0  33.1 31.6 31.6 3 . 2  33.4 32.9 33.4 32.2 36.1 3 . 3  33.2
8 32.7 33.2 33 3.2 33.8 32.9 3.1 36.3 34.5 3.3 36.3 3.9 37.0 37.7 34.2

9 34.4 3 . 1  3 . 3  3 . 6  37.1 34.5 39.3 37.3 37.3 38.2 37.1 3 . 0  37.1 37.3 3 . 9
10 3.3 34.5 33.3 35.0 3.2 33.3 36.7 36.6 37.2 32.6 34.5 33.4 3.3 38.2 33.6
11 33.6 33.3 32.9 36.3 3.3 33.1 36.5 36.1 3.1 3.3 34.8 37.0 37.1 38.4 37.1
12 32.7 3.9 33.7 3.7 33.8 32.7 32.7 3.5 36.7 3.5 33.4 32.4 35.9 3.3 34.7

13 3 . 1  34.1 33.9 33.7 3 . 7  32.4 3 . 7  33.3 3 . 5  36.4 34.5 3 . 0  3 . 1  36.6 3 . 3
14 33.4 33.9 31.5 3.3 34.2 34.4 37.9 37.6 36.1 37.5 3.5 34.0 3.8 37.5 34.8
15 32.9 33.4 32.4 3 . 6  34.1 32.9 37.3 3 . 3  3 . 0  3 . 7  34.8 33.7 34.5 3 . 9  37.0
16 32.7 33.6 31.4 33.6 34.2 32.6 36.8 3.1 33.0 34.2 33.3 31.8 3.0 3.0 36.7

17 34.2 36.1 34.1 34.7 36.3 33.8 37.1 3.9 3.4 33.0 37.7 34.7 33.7 3-7 3.1
18 3 . 6  3 . 1  33.0 41.5 3  37.1 3 . 8  37.9 37.0 36.9 3 . 6  3 . 9  37.2 3 . 6  3 . 1
19 34.7 3 . 2  3 . 3  34.8 3 . 7  36.9 3 . 9  37.6 3 . 6  37.7 37.1 36.7 3 . 5  3 . 0  3 . 8
20 3 . 7  33.2 31.2 3 . 7  3 . 9  31.7 3 . 7  37.0 3 . 1  3 . 9  34.8 3 . 3  3 . 4  37.1 33.9

Group 1 = calves 1-4 Group 4 = calves 13-16
Group 2 = calves 5-8 Group 5 = calves 17-20
Group 3 = calves 9-12



Experiment 1.

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
—r ~T~\ ~i II I ~i_ ^  ^1— ~i ~i  —m i—I ~i I ~i ■ I ■ ~w I f » > i i i ~ i  ~ ~ i — —I —i n ' —------------------------------- —r —i ^  — ■**̂ ~ — -— -  —  —— — — — — — — — — — — — — ^  ^  ^  —

5 2 .7  52 .5  55 .1  5 2 .4  5 1 .8  3 3 .1  3 4 .1  3 2 .4  3 1 .3  3 2 .4  3 2 .1  3 4 .0  3 2 .4  3 4 .6  3 4 .8  3 4 .4

34.2 32.2  33.8  31.9  32.5 33 .7  32 .9  30 .9  32.6 33.6  33.9  32.2  33.7  32 .9  34 .4  37 .3

34 38.2 33.3 34.4 33.6 34.7 34.9 38.0 32.3 32.6 31.4 33.3 32.2 35.0 34.8 36.6

38.7 38.3 38.3 33.8 34.4 36.1 38.8 33.9 37.9 34.5 33.3 31.9 32.8 34.5 33.3 38.5

38.1 34.3 33.8 34.4 32.1 32.7 33.0 34.8 32.9 34.8 32.2 33.6 31.6 36.1 37.2

38.9 34.7 33.4 32.9 34.4 34.2 34.5 32.9 32.6 34.2 32.6 34.8 33.8 36.7 38.8 36.9

32.1 31.9 31.8 32.4 31.9 31.6 33.4 32.6 32.3 31.8 32.7 31.8 31.7 34.3 34.8 36.8

^ .7  33.7 33.4 31.9 33.6 38.2 34.0 33.7 36.2 38.2 33.3 38.6 38.0 33.3 36.7 37.0

38.8 37.9

38.3 36.3

38.7 3 6 .5

34.1 36.8

38.4 3 4 .3  3 2 .8  3 4 .7  3 2 .9  38.9  3 4 .1  3 2 .9  3 3 .7  3 3 .3  3 2 .6  3 3 .3  3 2 .8  38.7  38.7  36.3

38.1  ^ . 8  38.0  3 4 .4  3 4 .1  3 3 .7  3 4 .5  3 4 .3  3 7 .0  38.1  38.0  38.4  3 6 .2  3 8 .3  37.0  38.9

3 3 .1  38.6  3 3 .9  :^ .0  3 3 .6  3 3 .9  3 3 .8  3 4 .2  3 4 .2  3 4 .9  3 3 .3  3 4 .7  3 4 .0  3 6 .7  3 6 .7  ^ . 6

3 4 .1  3 4 .4  3 2 .6  3 3 .7  3 4 .1  3 3 .3  3 1 .8  3 3 .3  3 2 .0  3 3 .4  3 3 .7  3 3 .1  3 2 .3  3 4 .4  3 3 .3  3 8 .7

36

.2  3 3 .3  3 2 .6  3 2 .7  34 , 3 4 .4  3 4 .4  3 3 .9  3 2 .6  3 3 .8  3 1 .8  3 3 .3  3 3 .7  3 4 .6  :^ .4  38.6

.9  3 4 .2  3 4 .6  3 2 .6  3 3 .3  3 2 .6  38.1  3 3 .7  3 4 .3  3 4 .8  3 2 .7  3 3 .7  3 2 .3  3 3 .3  38.3  4o.O

.7  38.3  3 4 .0  3 4 .6  3 3 .1  3 3 .4  3 4 .6  3 6 .9  38.8  3 6 .5  3 4 .6  3 7 .7  3 7 .1  3 7 .8  3 7 .6  3 8 .1

.6  38.2  38.0  38.0 33.3  33.7  34.6  3 2 .2  3 2 .9  2 9 .0  3 0 .6  34.8  38.8  38.0  32.3  36.8



T a b l e d

I n d iv id u a l  serum  a lb u m in  le v e ls  (g m s ./lO O  m l . )  o f  c a lv e s  d u r in g

C a l f  Weeks
No.

0 1 2  3 4 8 6 7 8 9 10 11 12 15 l 4

1 2 .1 0  2 .1 3  1-94 2 .0 5  2 .1 1  2 .2 6  2 .1 9  I . 9 1  2 .2 3  2 .1 3  2 .3 9  2 .3 8  2 .3 2  2 .1 1  2 .3 3

2 2 .1 8  2 .1 3  2 .0 8  2 .3 0  2 .0 8  2 .2 1  2 .2 0  1 .9 6  2 ,2 7  2 .0 0  2 .3 4  2 .1 6  2 .0 5  2 .1 2  1 .9 4

3  2 .3 2  2 .7 8  2 .2 3  2 .3 8  2 .3 6  2 .6 2  2 .4 o  2 .3 8  2 .4 o  2 .1 7  2 ,3 7  2.41  2 .3 7  2 .3 1  2 .3 9

4 2 .1 0  2 .1 5  2 .0 5  2 .1 7  2 .0 9  2 .5 2  2 .2 3  2 .6 3  2 .3 0  2 .2 5  2.41  2 .2 9  2 .4 3  2 .2 2  2 .2 5

5 2 .0 6  2 .0 1  1 .9 5  2 .0 2  1 .9 1  2 .3 2  2 .0 0  2 .1 8  1 .8 5  2.04  I . 9 6  2 .3 1  2 .0 0  I . 9 9  2 .0 5

6 2 ,2 0  2 .0 0  1 .9 1  2 .0 2  1 .8 2  2 .1 1  2 .0 0  2 .0 6  2 .1 7  1.98  2 .1 5  2 .2 0  2.07  2.05  2.23

7 1 .9 6  2 .2 0  2 .1 5  2 .5 8  2 .2 1  2 .1 9  2.24  2 .1 1  2.24  I . 9 6  2 .1 6  2 .2 6  2 .2 8  1 .8 6  2.03

8 2 .1 6  2 .1 6  2 .1 2  2 .5 3  2 .0 9  2 .3 6  2 .3 0  2 .2 7  2 .2 8  2 .0 1  2 .2 3  2 .3 6  2 .3 2  2 .2 0  2 .2 5

9 2 .1 5  2 .3 4  2 .3 4  2 .1 6  1 .9 6  2 .0 5  2 .1 9  2.24  2 .2 8  1 .9 9  2 .2 0  2 .5 1  2.48  2 .3 2  2 .1 1

10 2 .2 0  1 ,9 6  2 .4 4  2 .2 1  I . 9 6  2 .3 5  2 ,2 1  2 .3 3  2.45  2 .2 6  2 . l 4  2 . 3 I  2 .2 5  2 .0 2  2 .2 9

11 2 .0 0  1 ,7 9  1.84  1 .9 6  1 .9 1  2 .1 9  2 .1 3  2 .1 5  2 .1 3  2 .1 8  2 .2 0  2 .3 1  2 .2 3  2 .0 3  2 .1 2

12 2 .3 0  2 .5 3  2 .2 2  1 .9 9  2.42  2 .1 7  2 .5 8  2 .3 2  2.41  2.13  2 .6 2  2 .4 9  2 .6 1  2 . 4 l  2 .2 1

13 2 .2 7  2 .0 1  2 .3 0  2 .2 5  1 .9 1  2 .0 1  2 .2 5  2 .0 7  2.38  2 .0 6  2.14  2 .5 4  2 .4 3  2 .1 9  2 .1 7

14 2 .4 5  2 .1 0  2 .3 4  2 .2 7  1 .9 9  2 .2 0  2 .6 1  2 .0 3  2 .4 7  2 .1 3  2 .0 8  2 .1 5  2 .2 0  2.24  2 .0 1

15 2 .3 2  2 .6 2  2 .1 5  2 .4 5  2 .3 1  2 .6 0  2 . ; ^  2 . ; ^  2 .3 1  2 .2 9  2 .3 6  2 .4 5  2 .1 9  2 .0 8  2 .2 6

16 2 .1 9  2 .0 9  2 .0 3  2 .1 2  2 .2 5  2 .1 1  2 .2 1  2 .2 6  2 .3 2  2.09  2 .1 2  2.37  2.33  2 .1 7  2.33

17 2.42  2 .5 1  2 .3 0  2 .3 3  1 .9 3  2.41  2 .3 8  2 .3 0  2 .2 7  1 .9 6  2 .2 0  2 .5 1  2 .3 6  2 .2 5  2.48

18 2 .1 0  2 .1 2  2 .2 3  2 .1 3  1 .9 7  2 .2 2  2 .5 0  2 .3 1  2 .0 8  2 .0 9  2 ,1 2  2 .3 0  2 .3 8  2.09  2.42

19 2 .2 5  2 .1 2  2.^  2 .1 0  2 .0 9  2 .2 2  2 .1 1  2 .3 3  2 .1 8  2 .1 0  I . 8 3  2 .1 5  2.49  2 .2 6  2 .4 4

20 2 .3 6  2 .1 1  2 .3 4  2.41  2 .0 2  2.04  2 .5 1  2 .2 3  2.33  2 .2 7  2 .3 4  2 .5 4  2.51  2.40  2 .6 0

G roup 1 = c a lv e s  1-4  G roup 4 = c a lv e s  1 3 - I6

G roup 2 = c a lv e s  5-8  G roup 5 = c a lv e s  17-20

G roup 3 = c a lv e s  9-12



Experiment 1.

15 16 17_18 19 20 21 22 23 24 25 26 27 28 29 30

2.10 2.08 2.07 2.18 2.26 2.24 2.10 2.36 2.60 2.23 2.41 2.09 2.17 2.42 2.25 2.34

2.03 1.91 1.74 2.11 2.14 1.97 1.99 2.31 2.08 2.00 2.10 1.98 2.10 2.29 2.15 2.02

2.15 2.10 1.78 2.04 2.22 2.26 2.21 2.39 2 .l8  2.08 2.20 2.31 2.22 2.46 2.22 2.03

2.13 2.25 1.76 2.31 2.02 2.33 2.12 2.64 2.26 2.10 2.24 2.28 2.16 2 .4o 2.34 2.42

1 .8 0  1.82 1.74 1.94 1.80 2.17 2.12 2.26 2.36 2.44 2.45 2.45 2.09 2.19 2.19 2.13

2.09 1.97 2.13 2.07 2.26 2.38 2.13 2.42 2.49 2.43 2.51 2.40 2.19 2.39 2.26 2.30

2.03 2.06 1.68 2.33 2.25 2 .^  2.17 2.30 2.57 2.34 2.20 2.10 2.4o 2.33 2.13 2 .l8

1.90 2.04 2 .0 6  2.17 2.21 2.33 2.45 2.30 2.19 2.34 2.18 2.15 2.38 2.67 2.42 2.40

2.40  2 .0 7  

2.27 2.19

2.29 2.10 

2.38 2.41

2.17 2.07 1.92 2,05 2.10 2.22 2.28 2.20 2.01 2.05 2.24 2.38 2.33 2.22 2.26 2.16

2.24 2.21 2.12 2.21 2.13 2.53 2.29 2 . l 8  2.22 2.47 2.43 2 .4l  2.12 2.47 2.26 2.36

2.29 2.27 1.95 2.26 2.23 2.37 2.36 2.22 2.39 2.32 2.13 2.25 2.08 2.24 2.42 2.35

2.41 2.20 2.41 2.54 2.18 2.39 2.49 2.31 2.04 I.92 2,36 2.26 2.08 2.21 2.3I 2.12

2.50 2.36 2.23 2.70 2.01 2.61 2.58 2.09 2.15 2,44 2.50 2.39 1.99 2.26 2.06 2.08

2.30 2.31 2.15 1.91 1.98 2.34 2.19 1.93 1.95 2.02 2.12 1.96 1.84 I . 8 7  2.26 2.15

2.26 2.21 2.39 2.58 2.09 2.22 2.26 2.32 2.38 2.26 2.03 2.13 2 .2 8  2.29 2 . l 8  2.04

2.54 2.45 2.55 2.56 2.16 2.38 2.42 2 .3 0  2.63 2.57 2.46 2.39 2.15 1 .8 8  2.15 2.10



Table 38

I n d iv id u a l  t o t a l  serum  g lo b u l in  le v e ls  (g m s ./lO O  m l . )  o f  c a lv e s  d u r in g

C a l f  Weeks
N o.

Q 1 2 3 4 5 6 7 8 g 10 11 12 13 14

1 4.20 3.65 4.05 4.15 3.96 3-93 3.95 3.88 3.79 4.17 4.21 4.30 4.27 4.98 5.17

2 3.62 3.76 3.71 3.49 3.51 3.52 3.39 4.05 3.83 3.90 3.75 4.13 4.11 4.19 4.66

3 3.63 3.20 3.87 3.72 3.74 3.37 3.69 3.81 4.17 4.27 4.52 4.59 4.93 4.90/ 5.11

4 3.90 3.54 3.63 3.81 3.81 3.48 4 .p4 4.19 4.29 3.95 4.58 4.20 5.16 5.14 5.54

5 3.94 3.99 4.27 3.98 4.05 4.27 3.36 4.22 3.84 4.55 5.14 4.68 5.00 5 .31 5.25

6 4.60 4.49 4.08 4.07 4.27 3.98 3.72 3.94 4.03 3.92 4.04 4.09 3.93 4.81 4 .4o

7 3 .o4 3.59 3.95 4.36 3.80 3.81 3.98 4.08 4.25 4.73 4.73 4.94 4.92 5.04 5.27

8 3.14 4.13 4.28 3.66 4 . ^  4.05 3.99 3.93 4.23 4.59 4.36 4.24 4 . l 8 4 .80 4.66

9 3.85 3.83 4.25 4.17 4.84 4.44 4.06 3.99 4.50 4.06 4.49 4.36 4.44 4.77 4.99

10 4.30 4.07 4.35 4.48 4.32 4.45 4.31 4.26 4.45 4.43 4.65 4.78 5.25 5.38 5.51

11 4.20 3.71 3.94 3.48 4.28 3.88 3.63 3.54 4.36 4.50 4.79 4.58 4.45 4.67 4.67

12 3.70 3.77 3.77 4.20 3.77 4.02 3.76 3.94 4.08 4.25 3.97 4.01 4.28 5.19 5-78

13 3.93 3.96 3.98 4.00 4.08 4.33 3.65 3.92 3.84 3.84 4.16 4,. 15 4.39 4.70 4.81

14 3.94 4.09 3.75 4.22 4.20 4.08 3.65 3.61 3.72 3.76 4.06 3.55 4.00 4.05 4 . 6 8

15 3.88 3.57 3.45 3.79 3.98 3.90 3.65 3.94 4.39 4.81 4.73 5.14 4 .4o 5.02 5.04

16 4.21 3.90 4.26 3.87 3.94 4.29 3.57 3.83 4.18 4.10 4.67 4.21 4.27 4.02 4.29

17 3.37 3.08 3.28 3.17 3.56 3.18 3.07 3.13 3.55 3.19 3.39 2.98 3.14 3.26 3.42

18 4.10 4.47 4.46 3.65 3.96 3.79 3.60 3.98 3.72 4.00 3.97 3.70 3.41 3.51 3.70

19 3.75 3.93 4.00 4.09 3.91 3.78 3.53 3.52 4.01 4.24 4.54 4 .04 .4.01 3-84 3.85

20 3.54 4.07 4.05 3.77 4.08 4.25 3.72 3.76 3.87 3.82 3.85 3.55 3.72 3.81 3.79

Group 1 = c a lv e s  1-4 Group 4 = c a lv e s  I3 -I6

G roup 2 = c a lv e s  5-8 G roup 5 = c a lv e s  17-20

Group 3 = calves 9-12



Experiment 1.

15__ 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

5.00 4.62 4.52 4.41 4.14 4.16 4.28 4.45 4.81 4.77 3*99 3-91 4.12 3.68 3.95 3.86 

4.67 4.88 5.01 4,80 4.46 4.73 4.62 4.79 4.71 4.90 5.00 4.82 4.80 4.21 4.65 4.89

4.65 5.10 5.12 5.36 5.20 5.54 5.30 5.62 5.62 5.73 5-11 5.29 5.08 5.03 4.57 4.67 

5.27 5.65 4.84 4.39 4.49 4.67 4.76 4.66 4.43 4.89 4.16 4.22 4 .o4 4.10 4.36 4.28

5.66 5.08 5.25 4.85 5.32 5.48 5.28 5.17 4.75 4.86 4.45 4.05 4.31 4 .4o 4.21 4.17

4 .7 1  4.62 4.87 4.64 4.54 4 .4o 4.67 4.87 4.91 4.67 4.49 4.29 4.21 4 .31 4.44 4.20

5.50 4.93 5.62 5.07 4.23 4.34 4.73 4.60 5.14 4.45 4.20 4.60 3.70 3.97 4.27 4.01

4.93 5.06 4.83 4.22 4.48 4.97 5.04 4 .80 4.52 4.67 4.32 4.75 5.15 5.33  4.68 4.90

4.48 4.63 

5.02 5.31 

4 . 7 7  4 . 8 9

5.72 5.85

4.92 4.77 4.29 4.76 4.69 4.88 5.72 5.00 5.40 5.09 5.06 4.52 4.77 4.68 4.44 4.34

4.46 4.59 4.58 4.18 4.08 4.06 4.31 4.33 4.58 4.62 4.07 3.89 3.88 4.12 4.14 3.84 

4.70 4.82 4.83 4.54 4.88 5.22 5.14 5.18 5.61 5.47 4.86 4.64 4.52 4.55 4.68 4.55 

4.39 3.99 3.99 4.06 4.22 4.03 4.51 4.49 4.26 4.36 4,14 4 . l 4 4.14 4.09 4.09 3-98

3.50 3.54 3.77 3.40 3.69 3.29 3.70 4.13 3.75 3.96 4.00 3.71 3.81 3.84 4.05 4.22 

3.59 3.60 3.85 3.44 3.85 3.85 4.01 4.27 5-14 5.27 5.28 5.36 5.27 5.63 5.64 5.55

3.94 3.29 3.99 3.44 4.01 4.21 4.16 4.47 4.42 4.74 4.67 4.27 4.31 4.71 4.68 4.85 

3.75 3.55 3.96 3.74 3.76 3.71 3.89 4.10 4.62 4.54 4.24 4.31 3.95 4.41 4.44 4 .60



I n d iv id u a l  w e e k ly  serum  g lu ta m a t ic - o x a lo a c e t ic  tra n s a m in a s e  le v e ls

C a l f
No.

Weeks

1 2 . .  3 , 4 5 6 7 8

1 100 107 93 86 85 124 136 169 204 138 170 74 86 68

2 94 81 85 85 80 101 127 102 123 97 62 48 51 55

3 87 99 83 86 77 93 143 162 125 103 74 67 63 70

4 119 113 105 103 95 1:5 123 187 207 147 100 116 85 94

5 94 85 83 96 77 129 123 136 147 107 107 60 82 53

6 89 85 95 95 82 112 89 121 95 89 51 43 51 62

7 102 91 99 97 93 120 183 173 170 135 122 84 61 83

8 100 91 105 91 84 98 83 167 100 87 56 52 81 60

9 78 83 85 89 72 79 80 97 111 84 51 44 62 39

10 74 91 67 84 64 79 114 109 87 91 80 55 46 56

11 102 88 93 95 73 102 142 190 87 88 99 77 66 67

12 98 91 97 93 77 111 102 104 147 97 100 112 94 67

13 87 97 93 93 79 101 111 114 151 123 78 67 48 65

14 91 99 77 86 74 74 74 133 87 79 58 67 62 74

15 70 71 85 93 85 93 93 148 116 97 85 81 65 61

16 107 91 99 95 65 98 75 111 112 76 50 64 80 59

17 78 80 64 74 64 75 62 68 66 63 44 38 53 39

18 80 74 76 77 64 90 70 73 72 77 46 46 38 43

19 99 70 81 86 77 83 75 83 67 67 48 48 44 48

20 94 89 83 88 88 90 76 85 90 67 50 47 53 55

Group 1 = c a lv e s  1-4

G roup 2 = c a lv e s  5-8

Group 3 = calves g-12

G roup 4 = c a lv e s  I 3 - I 6

Group 5 = c a lv e s  17-20



(s. “ p .  U n i t s )  o f  c a lv e s  d u r in g  E x p e r im e n t 1 ,

15 16 17 18 .....19 20 21 22 24 25 , 26 ,2 7 28

85 63 70 86 78 72 62 74 64 56 90 82 88 122 89 87

68 52 52 55 58 58 51 56 43 53 87 79 76 93 82 97

59 55 67 59 50 62 54 58 67 76 76 110 81 93 89 87

98 95 93 84 74 100 79 111 79 80 80 109 98 116 102 102

76 58 63 60 47 131 60 62 108 71 117 123 82 97 122 112

52 46 43 49 46 49 46 52 50 52 93 73 64 85 95 93

83 60 60 60 53 58 61 65 63 71 94 100 95 116 93 97

63 57 48 63 53 59 56 58 54 52 71 93 136 101 122 87

44 52

38 51

63 83

68 67

58 46 82 58 62 62 73 64 61 67 83 83 82 80 89 82

56 52 45 50 49 52 61 52 46 56 78 65 67 71 75 75

51 79 63 67 60 88 56 67 58 87 76 89 72 103 1 5 153

49 62 55 47 71 60 52 77 51 80 72 70 94 84 122 102

38 44 51 48 49 60 59 67 67 93 136 136 129 111 153 164

42 42 44 46 54 56 78 47 108 63 218 129 100 182 93 104

45 46 46 47 60 63 55 62 54 59 76 89 76 90 79 193

51 50 54 60 60 62 63 62 71 70 177 129 108 93 79 207



Table 40
I n d iv id u a l  w e e k ly  fa e c e s  egg c o u n ts  (e g g s /g m .) o f  c a lv e s  d u r in g  E x p e r im e n t 1 ,

C a l f  Weeks
No.

0 1 2 , 3 4
________3. , . 6 7 8 9 10 11 12 13, 14

1 0 0 0 0 0 0 0 0 0 0 0 50 50 50 50

2 0 0 0 0 0 0 0 0 0 0 0 100 150 350 200

3 0 0 0 0 0 0 0 0 0 0 0 0 200 200 150

4 0 0 0 0 0 0 0 0 0 0 0 0 50 50 50

5 0 0 0 0 0 0 0 0 0 0 0 50 50 50 50

6 0 0 0 0 0 0 0 0 0 0 0 150 0 50 0

7 0 0 0 0 0 0 0 0 0 0 0 0 300 50 150

8 0 0 0 0 0 0 0 0 0 0 0 100 150 100 100

9 0 0 0 0 0 0 0 0 0 0 0 0 0 150 150

10 0 0 0 0 0 0 0 0 . 0 0 0 0 0 50 50

11 0 0 0 0 0 0 0 0 0 0 0 200 0 250 200

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 150

13 0 0 0 0 0 0 0 0 0 0 0 50 50 ' 50 50

14 0 0 0 0 0 0 b 0 0 0 0 100 0 50 100

15 0 0 0 0 0 0 0 0 0 0 0 0 0 150 100

16 0 0 0 0 0 0 0 0 0 0 0 50 0 0 50

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Group 1 c a lv e s 1-4 G roup 4 = c a lv e s 1 3 -1 6

G roup 2 c a lv e s 5-8 G roup 5 = c a lv e s 1 7 -2 0

G roup 3 c a lv e s 9-12



15, , 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

0 150 100 0 0 0 0 0 0 0 0 0 0 0 0 0

200 300 200 50 100 50 0 0 0 0 0 0 0 0 0 0

50 150 150 50 100 100 50 100 50 0 50 0 0 0 0 0

50 300 100 150 100 50 50 100 0 0 0 50 0 0 0 0

150 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0

100 50 0 0 0 0 0 0 0 0 0 0 0 50 100 0

50 250 0 0 0 0 0 0 0 0 0 0 0 0 50 0

150 250 0 0 0 0 0 0 0 0 0 0 0 0 0 0

100 100

0 50

150 200

200 250

0 50 0 50 50 0 0 0 0 0 0 0 0 0 0 0

0 0 50 50 0 50 50 0 50 0 0 50 0 0 0 0

300 300 0 100 150 0 0 50 0 0 0 0 0 0 0 0

100 50 150 100 100 50 0 0 0 0 0 100 50 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 o 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 5o . 0
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Table k l

Mean serum albumin , t o t a l  serum g l o b u l i n s ,  serum g 1u t a m a t i c - o x a l o a c e t 1c

transami nase (SCOT) 1eve ls o f  ca lv e s  f o l l o w i n g  t h e i r i n f e c t  ion w i t h  500

m e t a c e r c a r iae  o f  F, hepat  i ca.

Weeks 
a f t e r  
i n f e c t  i on

Number 
c a 1ves

o f
Serum albumin  

1 evel  
(gms/100 m l . )

T o ta l  serum 
g lo b u l in s  1evel  
(gms/100 m l . )

SCOT
(S-F

lev e l
u n i t s )

0 24 2.41 ± .0 4 3 .63 ± .07 6 8 . 9 ± 1.6

1 24 - - 75 .5 ± 1.9

2 24 2 . 1 8 ± .02 3 .7 7 ± .07 100 .2 ± 0 . 9

3 24 - - 103 .2 ± 3 .3

k 24 2 .20 ± .03 3 .8 2 ± .0 7 9 2 .9 ± 2 . 9

5 20 - - 89 .5 ± 2 . 9

6 20 2 .1 5 ± .03 4 . 0 6 ± .07 100 ± 4 . 0

7 20 - « 8 1 .3 ± 2 . 4

8 20 2 .2 2 ± .03 3.90 ± .05 102.1 ± 4 . 4

9 16 - - 109 .9 ± 5 . 8

10 16 2.1 1 ± .0 4 4 . 1 6 ± .05 115 .6 ± 6 . 1

11 16 - - 128 .6 ± 7 .2

12 16 2 .1 5 ± .03 4 . 3 6 ± .06 138 .7 ± 6 . 4

13 12 - - 141.1 ± 4 .6 0

14 12 2 . 2 3 ± .03 4 . 4 6 ± .0 8 128.2 ± 14.0

15 12 - - 9 4 .5 ± 6 . 3

16 12 2 . 1 7 ± .0 4 4 . 5 4 ± .0 7 117 .6 ± 7.0

17 8 - - 120.1 ± 4 . 7

18 8 2.11 ± . 0 4 4 . 5 5 ± .07 119 .7 ± 7 . 4

19 8 - - 124 .4 ± 7 . 8

20 8 2 .4 6 ± .05 4 . 4 2 ± . 0 8 120.0 ± 6 . 0

21 4 “ - 88 ± 11.6

22 4 2.41 ± .10 4 , 3 6 ± .07 101 ± 5 . 9

23 4 - - 101 ± 12 .8

24 4 2 .4 2 ± .03 4 . 5 3 ± .19 9 4 .5 ± 13 .2



T a b l e  43

Mean weekly we ights  o f  c a lv e s  f o l l o w i n g  t h e i r  i n f e c t i o n  w i th  

500 m e ta c e r c a r ia e  o f  F. h e p a t i c a .

Weeks
a f t e r  
i n f e c t  ion Number o f  ca lves

Mean bodyweight  
( l b s .  )

0 24 285 ± 10

1 24 295 ± 10

2 24 309 ± 11

3 24 324 ± 11

4 24 340 ± 11

5 20 351 ± 12

6 20 265 ± 12

7 20 386 ± 12

8 20 411 ± 11

9 16 427 ± 15

10 16 460 ± 16

11 16 487 ± 16

12 16 497 ± 17

13 12 516 ± 20

14 12 531 ± 20

15 12 549 ± 19

16 12 561 ± 20

17 8 570 ± 80

18 8 593 ± 70

19 8 619 ± 25

20 8 626 ± 25

21 4 637 ± 41

22 4 645 ± 43

23 4 660 ± 40

24 4 676 ± 42



T a b l e  44

Mean faeces egg counts o f  c a lve s  f o l l o w in g  t h e i r  i n f e c t i o n  w i th  

500 m eta c e rc a r ia e  o f  F. h e p a t i c a .

Weeks a f t e r  Number o f  Number o f  ca lves  Mean faeces egg count
n f e c t  i on ca lves pass ing f 1uke eggs (eggs/lOgms

0 24 0 0

1 24 0 0

2 24 0 0

3 24 0 0

4 24 0 0

5 20 0 0

6 20 0 0

7 20 0 0

8 20 0 0

9 16 0 0

10 16 0 0

11 16 6 1.5

12 16 8 2 . 9

13 12 7 3 . 9

14 12 12 22 .0

15 12 10 24 .3

16 12 12 18.6

17 8 7 13.3

18 8 8 20 .6

19 8 8 13.3

20 8 6 8.0

21 4 4 7.5

22 4 2 4 . 2

23 4 3 7 .5

24 4 2 1.7



Table 45

Mean bodyweight ( l b s . )  o f  groups o f  6 ca lves  f o l l o w i n g  t h e i r

i n f e c t i o n  w i th  500 m e t a c e r c a r ia e  o f  F. h e p a t i c a .

Weeks Group,
a f t e r
i n f e c t  ion 1 2 3 4 5

0 302 ± 30 295 ± 19 280 ± 19 280 ± 23 268 ± 22

1 314 ± 31 299 ± 16 288 ± 22 296 ± 21 279 ± 23

2 326 ± 34 316 ± 23 301 ± 25 313 ± 20 291 ± 24

3 340 ± 33 327 + 12 313 ± 22 327 ± 20 308 + 25

4 357 ± 34 347 + 1 1 333 ± 26 342 ± 19 325 ± 24

5 362 ± 12 346 ± 25 361 ± 19 338 ± 25

6 375 ± 8 356 ± 26 378 ± 17 351 ± 25

7 400 ± 11 380 + 27 395 ± 18 372 i 25

8 419 ± 14 405 ± 24 429 ± 15 400 ± 22

9 424 ± 29 447 ± 17 412 ± 27

10 459 ± 33 477 ± 18 447 ± 27

11 484 ± 82 504 ± 18 479 ± 30

12 492 ± 34 515 ± 21 486 ± 27

13 540 ± 18 504 ± 28

14 552 ± 18 521 ± 30

15 564 ± 16 541 ± 30

16 572 ± 15 557 ± 28

17 569 ± 32

18 596 ± 25

19 6 14 ± 26

20 617 ± 25

21

22

23

24

287 ± 35 

295 ± 32 

309 ± 38 

327 ± 38 

335 ± 40 

349 ± 40 

364 ± 39 

383 ± 40 

405 ± 36 

426 ± 42 

459 ± 43 

484 ± 43 

495 ± 46 

504 ± 45 

520 ± 46 

541 ± 45 

552 ± 49 

569 ± 48  

590 ± 44  

607  ± 44  

620 ± 44  

637 ± 41 

645 ± 43 

660 ± 40 

676  ± 42



T a b l e  46

Mean e r y t h r o c y t e  l e v e l s  (ml 1 1 i o n s / c u . m m . ) o f  g r o u p s  o f  4  c a l v e s  f o l l o w i n g

t h e i r  I n f e c t i o n  w i t h  500 m e t a c e r c a r i a e  o f  F. h e p a t i c a .

Weeks Group
a f t e r
i n f e c t  i on 1 2 3 4 5 6

0 8.10 ± .12 8 . 8 9 ± .66 8.91 ± .3 8 9 . 0 2 + .23 8 .29 ± .15 8 .36 ± .20

1 8 .6 8 ± .22 8.65 ± .60 8 .4 7 ± .19 8 .69 ± .23 8.41 ± . 16 8 .6 9 ± .46

2 8 .07 ± .05 8.50 ± .30 8.11 ± .25 8.21 ± .12 7 .6 6 ± .22 8 .5 3 ± .23

3 7 .87 ± .16 8.69 ± .32 8 .2 2 ± .22 8 .8 9 ± .21 7 .9 3 + . 27 7 .9 4 ± .27

4 7 .79 ± .61 9 . 3 4 ± .51 8.30 ± .35 9 . 0 7 + .24 8 ,5 6 ± .22 8 . 2 8 ± .40

5 9 .1 5 ± .40 7.90 ± .39 8 .7 4 ± .16 8.10 ± . 2 8 8.01 + .27

6 8 .8 9 ± .41 7 .86 ± .36 8 .36 + .12 8 .1 7 ± .0 8 7 .8 7 ± .26

7 8 .13 ± . 54 7 .55 ± .32 8 .1 3 ± .19 7 .69 ± .02 7 .5 6 ± .21

8 8 .5 3 ± .42 7 .65 ± .12 8 .39 ± . 16 7 .6 7 + .29 7.33 ± .31

9 7 .5 5 ± .17 7.91 ± .25 7 .4 5 + .25 7.50 ± .35

10 7 .46 ± .44 7.85 ± .23 7 .5 4 ± .2 8 7 .53 + .1 8

11 7 .26 ± .20 7 .6 8 ± .18 7.40 + .22 7 .3 7 + .32

12 7 .0 4 ± .27 7 .6 4 ± .15 7 .0 4 ± .13 7 .1 8 ± .1 7

13 8 .0 4 ± .21 7.35 ± .22 7 .29 ± .22

14 8 .1 0 ± . 06 7.70 ± .17 7.50 ± .25

15 8 .0 2 + .2 4 7 .49 ± .20 7 .49 + .17

16 8.11 ± .22 7 .66 ± . 09 7-36 ± .25

17 7 .6 8 + . 1 4 7 .6 6 .23

18 7.51 ± .29 7.39 ± .31

19 7 .19 ± .23 7 .0 9 ± .29

20 7 .50 ± .11 7 .0 6 ± .12

21 7 .2 9 ± . 1 8

22 7 .0 9 ± .32

23 7.10 ± .29

24 7 .07 ± .15



T a b l e  kl

Mean p a c k e d  c e l l  v o lu m e  (%) o f  g r o u p s  o f  4  c a l v e s  f o l l o w i n g  t h e i r

i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .

W e e k s  G r o u p
a f t e r

n f e c t  i on 1 2 3 4 5 6

0 32 .2 ± .55 35.0 ± .0 7 3 3 .7 ±1 ,20 35 .0 ± .35 3 2 ,7 ± .9 7 33 .2 ± .41

1 32 .2 ± .85 3 3 .7 ± . 85 3 3 .2 ± .66 33 .7 ± .43 32 .5 ± .25 32 ,5 ± 1.3

2 32 .0 ± 1.0 34 .2 ± .75 33 .2 ± 1 .24 33 .7 ± .21 30 .5 ±1.03 33 .0 ± ,70

3 3 0 .2 ± .41 33 .0 ±1.25 33 ,0 ±1 .27 3 2 . 8 ± .95 31 .0 ± .70 3 1 ,2 ± .89

4 28 .5 ±1 ,60 33 ± 1 .37 31 ,0 ±1 .43 34 .5 ± .56 32 .5 ±1 .03 32 .2 ±1.30

5 34 .2 ± 1 .14 31 ,0 ±1,05 34 .0 ± .79 31 .5 ± .83 33.0 ± .61

6 34 .0 ± 1 ,27 33 .0 ± 1.0 33 .0 ± .35 32 .2 ± .89 3 2 . 7 ± .41

7 3 1 .7 ± 1 ,24 30 .5 ± .75 32 .0 ± .35 30 .5 ± .25 31 .5 ± .56

8 3 3 .2 ± .54 32 .5 ± .56 33 .5 ± .43 31.0 ± .93 33 .5 ± .56

9 31 .0 ± .61 3 1 .7 ± .41 30 .7 ± .65 32 .2 ± .6 7

10 30 .0 ± .93 3 0 .7 ± .21 29 .5 ± .43 31 .5 ± .75

11 2 9 .2 ± .82 3 0 .7 ± .21 29 .0 ± .35 32 .0 ±1.25

12 30 ,5 ±1 .09 3 1 .7 ± .7 4 2 8 .7 ± .65 31 .2 ± .74

13 33.5 ± 1.60 2 9 .7 ± .74 31 .5 ±1 .75

14 32 .5 ± .90 30 .5 ± .43 32 .0 ± 1 .04

15 31 .5 ±1.03 29 .3 ± .8 9 3 0 .7 ± .96

16 33 .5 ± 1 .34 30 .2 ± .75 31 .5 ± .75

17 31 .5 ± .43 33 .0 ± .61

18 30 .5 ± .25 32 .0 ± .35

19 29 ,0 ± .35 31 .5 ± 1 .03

20 32 .0 ± .61 3 1 .7 ± .41

21 3 2 .7 ±1 .24

22 32 .2 ± .54

23 32 .2 ± .54

24 32 .5 ± .75



T a b l e  4 8

Mean h a e m o g l o b i n  l e v e l  ( g m s /1 0 0  m l . )  o f  g r o u p s  o f  4  c a l v e s  f o l l o w i n g

t h e i r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a

W e e k s  G r o u p
a f t e r

f e e t  ion 1 2 3 4 5 6

0 11.2 ± .0 8 13.1 + .30 12 .4 ± .39 12 .7 ± .20 11 .8 i .40 12.0 ± .27

1 11.9 ± .2 8 12 .8 ± .4 4 12 .4 ± .37 12 .8 ± .27 12 .2 ± .36 12.7 ± .59

2 11.5 ± .20 13.0 + .35 12.3 ± .40 12.5 ± .30 11.5 ± .33 12.0 ± .44

3 11.1 ± .10 13.2 ± . 5 4 11 .9 ± .38 12 .4 ± .21 11 .8 ± .1 8 11.5 ± .33

4 11.1 ± .60 13.0 ± .4 4 11 .8 ± .3 7 12.5 ± .11 11.7 ± .33 11 .9 ± .52

5 13 .4 ± .6 4 12.1 ± .41 13.0 ± .37 12.2 ± .15 12.1 di .29

6 13.1 + .69 12 .2 ± .23 12.6 ± .12 12.5 ± .30 12.3 ± .22

7 12 .4 ± .4 3 11 .8 ± .30 12 .8 ± .26 11 .8 ± .20 12.3 ± .32

8 13 .2 + .3 8 12 .8 ± .31 13.0 ± .20 11 .8 ± .24 12 .7 ± .31

9 12 .2 ±1.20 12.2 ± .08 12.0 ± .26 12.2 + .34

10 12.2 ± .36 12 .4 ± .19 11 .7 ± .2 7 12.1 ± .39

11 11 .7 ± .29 12.6 ± .26 11 .4 ± .08 12 .4 ± .44

12 11 .4 ± .32 12.0 ± .14 11.1 ± .36 11 .8 ± .3 2

13 12.6 ± .45 1 1 .4 + .27 12.0 ± .47

14 12.9 ± .2 8 12.1 ± .31 12,2 ± .14

15 12 .7 ± .32 11 .8 ± .52 12.3 ± . 36

16 12.6 ± .37 1 1 .8 ± .31 11.6 ± .1 4

17 11.5 ± .1 7 11 .7 ± .0 9

18 11 .7 + .39 11.9 ± .40

19 11.2 ± .31 11 .8 + .23

20 12 .4 + .21 1 1 .8 ± . 28

21 12.3 ± .60

22 11.9 ± .31

23 12.3 .34

24 12.2 ± .20



T a b l e  49

Mean c o r p u s c u l a r  v o lu m e  ( c u , m i c r o n s )  o f  g r o u p s  o f  4  c a l v e s  f o l l o w i n g

t h e i r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .

W e e k s  G r o u p
a f t e r

f e e t  ion 1 2 3 4 5 6

0 3 9 .8 ± .0 8 3 9 . 7 ± 2 .0 8 38 .2 ± 2 .33 3 8 .9 ± .87 39 .5 ± .46 39 .9 ±1 .40

1 37 .2 ±1 .42 39 .5 ± 2 .1 7 39 .3 ± .86 38 .9 ± ,8 9 38 .6 ±1 .03 37 .6 ±1 .73

2 3 9 . 8 ± .8 9 4 0 . 4 ±1 .40 4 0 , 9 ± .92 41.1 ± .79 39 .7 ± .1 8 38 .6 ± .49

3 3 8 . 4 ± .73 38.1 ±1 .75 40 .1 ±1 .07 36 .9 ±1.81 37 .6 ± . 8 8 39 .3 ± .79

4 3 6 .9 ±1.20 35 .6 ± 2 .0 37 .5 ± 1 .2 4 38.1 ± .65 38.0 ± .92 39.1 ± .93

5 3 7 .8 ±1 .05 3 9 .4 ±1 .05 38 .9 ± .93 39 .0 ± 1.07 4 1 . 3 ± 1 .34

6 3 8 . 7 ± 2 .7 7 42 .1 ±1.12 39.5 ± .89 39 .5 ±1.41 4 1 . 8 ± 1 .37

1 3 9 .7 ± 2 .6 8 4 0 . 6 ± 1 .63 3 9 .4 ± .91 3 9 .7 ± .35 4 1 . 8 ±1.55

8 3 9 .4 ± 2 .4 4 4 2 . 5 ± .80 3 9 .9 ± .65 4 0 . 4 ± .41 4 3 .0 ± 1 . 36

9 4 1 . 4 ±1 .12 4 0 . 3 ± 1.56 4 1 . 3 ± .91 4 3 . 3 ± 1 .97

10 4 0 . 2 ± .81 39 .2 ± 1.15 3 9 .2 ±1.05 4 1 . 9 ± 1.29

11 4 0 . 3 ±1 .42 40.1 ±1 .01 39 .3 ± .73 4 3 . 6 ±1 .35

12 4 3 . 3 ± .90 4 1 . 6 ± 1.62 4 0 . 8 ± 1.19 37 .7 ±1.10

13 4 1 . 5 ± 1.06 4 0 . 5 ± 1.25 43.1 ±1.99

14 40.1 ±1.35 3 9 . 7 ± 1.23 4 2 . 7 ±1 .82

15 39 .3 ± .05 39 .0 ± . 6 8 41 .0 ± 1.07

16 4 1 .3 ±1 .20 39 .5 ± 1 .32 4 2 , 9 ± 1.23

17 41.1 ± 1.25 4 1 . 9 ± 1 .2 8

18 4 0 . 6 ± .65 4 3 .5 ±1 .73

19 4 0 .5 ±1 .43 4 4 .5 ± 1 .1 8

20 4 2 . 6 ± .8 4 4 5 .0 ± 1.06

21 4 4 . 8 ± .64

22 4 5 . 9 ± 1.61

23 4 5 . 6 ± 1 .3 8

24 46.1 ±2 .00



T a b l e  50

Mean c o r p u s c u l a r  h a e m o g l o b i n  c o n c e n t r a t i o n  (%) o f  g r o u p s  o f  4  c a l v e s

f o l l o w i n g  t h e i r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .

W e e k s  G r o u p
a f t e r

f e e t  ion 1 2 3 4 5 6

0 3 4 . 8 ± .33 3 7 . 4 ± .62 3 6 .7 ± .33 36 .2 ± .45 36 ,2 ± .64 3 6 .2 ± .19

1 37.1 ± .41 3 7 .8 ± .72 37 .3 ± .77 37 .9 ± .77 3 7 .6 ± .4 4 38 .9 ± .56

2 36.1 ± .71 37 .0 ± .66 37 .2 ± .66 37.1 ± .84 3 7 . 8 ± .27 36 .3 ± .81

3 3 6 . 7 ± .29 39 .9 ± .89 36 .2 ± .35 38.0 ±1 .05 38 .3 ± .39 36 .9 ± .85

4 39 .0 ± .79 3 9 .8 ± 1 .4 4 38 .0 ± .36 36 .3 ± .30 36.1 ± .45 37 .0 ±1.01

5 39.1 ± .80 39 .2 ± .47 38.1 ± .41 3 8 .7 ± .53 36 .9 ±1.31

6 3 8 .3 ± . 6 8 36 .9 ± .56 38.1 ± .20 38 .9 ± .80 37 .5 ± .91

7 3 9 .2 ± .95 38 .6 ± .19 40.1 ± .51 3 8 .7 ± .72 3 8 .9 ± .50

8 3 9 . 7 ±1 .00 39 .3 ± . 36 38 .9 ± .25 38 .2 ± .91 3 7 . 8 ± .69

9 3 9 .4 ± .46 38 .6 ± . 5 8 39 .0 ± .64 37 .9 ± .49

10 4 0 . 7 ± .52 4 0 .2 ± .91 39 .6 ± .56 3 8 .4 ±  .60

1 1 40 .1 ±  . 6 6 4 1 .0 ± .6 4 39 .6 ± .57 3 8 . 8 ± .63

12 37 .6 ± .31 38.0 ± .69 38 .5 ± .49 2 7 . 7 ±  1 . 1

13 37 .5 ± .95 38 .2 ± .35 38 .3 ±1 .02

14 3 9 .7 ± .70 3 9 .8 ±1.01 38 .3 ±1.46

15 4 0 . 4 ± .80 4 0 . 4 ±1 .20 40.1 ± . 6 8

16 37 .7 ± .59 39 .2 ± 1 .54 37 .0 ± . 80

17 36 .5 ±  . 9 9 35 .6 ± .64

18 38 .5 ± 1 . 1 1 37 .2 ±1 .00

19 3 8 .7 ± .82 3 7 .5 ± .7 8

20 39 .5 ±  .  8 8 37.1 ± .4 8

21 37 .5 ± .45

2 2 36 .9 ± .41

23 38 .0 ± .83

24 3 7 .7 ± .47



T a b l e  51

Mean se rum a l b u m i n  l e v e l  o f  g r o u p s  o f  4  c a l v e s  f o l l o w i n g  t h e i r  i n f e c t i o n

w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .

W e e k s  G r o u p
a f t e r

f e e t  i on 1 2 3 4 5 6

0 2.41 ± .02 2.30 ± .09 2 .2 3 ± .05 2 . 5 4 ± .05 2.41 + .06 2 .55 ± .10

2 2 .15 ± .03 2 .20 ± . 0 4 2 .1 3 + .07 2 .1 7 ± .06 2.20 ± .06 2.21 + . 0 8

4 2 .30 + .04 2 .1 6 + .05 2 .0 3 ± . 10 2 .2 3 ± .01 2 .1 3 ± .05 2 .3 2 ± .0 4

6 2 .0 6 ± .04 2 .2 6 ± .05 2 .25 ± .10 2 . 0 4 ± . 0 4 2 .1 3 ± .0 4

8 2 .0 3 ± .07 2.30 ± .06 2.25 ± .09 2 .2 8 ± .03 2.21 ± .05

10 2 . 0 8 ± .12 2 .1 9 ± .07 2.11 ± .0 4 2.05 ± .03

12 2 .10 ± .0 4 2 .1 4 ± . 0 8 2 .15 ± .05 2 ,19 ± . 0 8

14 2.21 ± .05 2 . 2 8 ± .03 2.20 ± .0 4

16 2 .19 ± .09 2 . 2 7 ± .10 2 .05 ± .03

18 2 .1 5 ± . 07 2 .0 7 ± .03

20 2 , 4 8 ± .03 2 .4 3 ± .08

22 2.41 ± .10

24 2 .4 2 ± .03



T a b l e  52

Mean t o t a l  serum g l o b u l i n  l e v e l  o f  g r o u p s  o f  4  c a l v e s  f o l l o w i n g  t h e i r

i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .

W e e k s  G r o u p
a f t e r

n fe c t  i on 1 2 3 4 5 6

0 3 .6 3 ± .09 3 .63 ± .13 3 .8 4 ± .07 3.51 ± .10 3.35 ± .10 3 .8 2 ± .26

2 3.75 ± . 1 1 3.60 ± .14 3 .9 7 ± .14 3.81 ± .15 3.55 ± .07 3 .9 6 i .1 4

4 3.75 ± .16 3.86 ± ,1 4 4 .1 0 ± .12 3 .62 ± .11 3 . 7 4 ± .13 3 .86 ± .21

6 4 . 2 9 ± .2 7 4 . 1 6 ± .09 3 .82 ± .16 4.01 ± .1 2 4 . 0 0 ± .15

8 3 . 9 4 ± .09 3 .9 7 ± . 1 8 3.90 ± .08 3 .76 ± .02 3.91 ± .10

10 4 . 4 2 ± .03 4 . 0 6 ± .12 4 . 0 4 ± .06 4 . 1 2 ± .13

12 4 . 4 2 ± .13 4 .2 6 ± .08 4 . 3 4 ± .0 4 4.41 + .14

14 4 . 4 7 ± . 0 8 4.61 ± .17 4 .3 0 ± .06

16 4 .6 o ± .10 4.51 ± .07 4 .5 2 ± .15

18 4 . 4 8 ± .02 4 . 6 3 ± .16

20 4 . 3 9 ± .13 4 . 4 4 ± .10

22 4 . 3 6 ± .07

24 4 . 5 3 ± .19



T a b l e  53

M e a n  s e r u m  g l u t a m a t e - o x a l o a c e t i c  t r a n s a m i n a s e  l e v e l s  ( S - F  u n i t s )  o f

g r o u p s  o f  4  c a l v e s  f o l l o w i n g  t h e i r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .

W e e k s  G r o u p
a f t e r
i n f e c t  ion 1 2 3 4 5 6

0 6 8 . 7 + 3.0 73 .2 ± 3 . 7 6 4 . 0 ± 3 .6 7 0 .2 ± 4 . 6 7 3 .7 ± 1 .8 6 3 . 5 ± 2 .5

1 72 .2 + 3 .9 7 6 .7 ± 4 . 5 79.0 ± 1.6 72 .2 ± 4 . 4 8 1 .7 ± 4 . 9 71 .2 ± 10.3

2 9 0 .5 ± 5 .6 99 .0 ± 5 . 8 98 .0 ± 4 . 2 104,7 ± 9 . 0 113.0 ± 6 . 3 9 5 . 7 ± 4 . 5

3 107 7 ± 7.1 111 .7 ±10 ,6 9 3 . 4 ± 7 .7 100 .2 ± 4 . 4 113.2 ± 4 . 0 9 3 .0 ± 5 . 7

4 9 4 . 2 ± 6 . 5 94 .0 ± 3 .9 9 9 . 7 ± 7 .6 8 7 .7 ± 4 . 3 101.7 ± 7.0 7 9 .7 ± 5 . 2

5 9 0 . 7 ± 7 . 7 9 5 .0 ± 5 .0 86 .7 ± 3.5 9 5 . 2 ± 7 .9 7 9 .7 ± 1.9

6 87 .0 ± 1 .7 124.0 ± 11 .7 9 5 .5 ± 4 . 2 100.2 ± 4 . 5 9 3 .0 ± 3 . 8

7 80.0 ± 3 .3 82 .0 ± 4 . 8 83.0 ± 3 . 8 9 2 .5 ± 4 . 7 6 9 . 2 ± 3.1

8 117.0 ± 9 . 4 9 4 .0 ± 8 .0 108.0 ± 6 . 9 105.2 ±11.1 8 6 .2 ± 3 . 4

9 117.0 ± 7 . 7 121.0 ± 4 . 3 114.2 ± 8 .2 88.0 ± 6 . 7

10 127.0 ± 5 . 4 125.0 ±11 .6 116.2 ±14 .5 9 1 . 7 ± 5 . 4

11 133.0 ± 4 . 2 136.2 ± 18 .2 125.2 ± 1 3 .4 120.2 ±16 .2

12 159.0 ± .35 152.0 ± 3 .2 137.0 ± 6 .0 121.0 ± 13.9

13 130.0 ±10 .0 145.0 ± 7.0 126.0 ± 6 . 6

14 113.0 ± 9 .6 151.0 ±36.1 104.0 ± 8 .6

15 87 .0 ± 5 . 7 111.0 ±14 .2 85 .2 ± 4 . 4

16 111.5 ± 1 0 .8 138.0 ± 12 .7 103.0 ± 2 . 2

17 125 .0 ± 4 . 2 1 15.5 ± 7 . 7

18 124.5 ±10 .3 115.0 ± 9 . 8

19 117.0 ± 8.1 132.0 ±12.1

20 122.0 ± 9 . 3 119.0 ± 7 . 4

21 88 .0 ±11 .6

22 101.0 ± 5 . 9

23 l O l - O t l  2 &

24
9 4 .5 i | 3 - 2



T a b l e  54

Numbers  o f  f l u k e s  r e c o v e r e d  f r o m  each  c a l f  f o l l o w i n g  t h e i r  i n f e c t i o n

w i t h  500 m e t a c e r c a r i a e  o f  F. h e p a t i c a .

C a l f  No. Number o f  f l u k e s  
recovered

, % o f  i n f e c t i n g  dose 
recovered

1 0 0

2 0 0

3 0 0

4 0 0

5 16 3 . 2

6 40 8.0

7 18 3 . 6

8 56 11 .2

9 23 4 . 6

10 103 20 .6

11 56 11.2

12 47 9 . 4

13 44 8 . 8

14 92 18 .4

15 57 11 .4

16 44 8 . 8

17 68 13.6

18 97 19 .4

19 103 2 0 .6

20 22 4 . 4

21 26 5 . 2

22 39 7 . 8

23 24 4 . 8

24 8 1 . 6
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I n d iv id u a l  weekly we ights ( l b s . )  o f  c a lv e s  dur ing  Experiment 2 

ca l f  Weeks
No. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 262 270 280 290 308

2 225 235 240 258 270

3 350 363 385 398 420

4 370 388 400 4 l 4 430

5 250 26o 283 300 320 332 350 365 385

6 265 275 298 310 330 346 368 400 400

7 330 330 350 360 372 395 403 425 460

8 335 330 335 340 365 375 380 410 430

9 254 268 273 292 308 320 336 360 395 405 435 455 470

10 230 224 233 250 260 275 280 300 330 335 360 390 390

11 320 330 358 362 390 400 405 430 445 485 520 550 560

12 318 330 340 350 374 390 405 430 450 470 520 540 550

13 280 293 307 320 390 360 372 390 440 445 470 505 515 540 560

14 212 240 262 278 288 310 330 350 385 400 435 450 455 485 495

15 290 290 308 320 345 355 380 390 420 444 470 505 515 545 560

16 340 360 376 390 395 420 430 450 470 500 535 555 515 590 595

17 265 285 295 316 330 335 358 380 390 420 450 480 495 510 520

18 225 230 240 258 270 282 296 315 350 340 380 410 415 425 445

19 244 250 260 272 300 310 322 345 390 400 430 460 470 490 505

20 340 350 370 388 400 420 430 450 470 490 530 565 565 590 615

21 345 360 380 398 410 430 445 466 480 510 540 580 595 600 610

22 360 360 390 410 420 430 440 460 475 510 550 560 580 590 615

23 218 230 220 240 245 260 280 295 330 335 380 395 400 410 420

24 224 232 245 260 265 277 292 310 335 350 365 400 405 415 425



15 16 17 18 19 20 22 23 24

585 590

510 520

570 580

590 600

545 560 570 590 610 615

460 480 480 525 54o 545

550 550 565 600 615 620

650 640 660 670 690 690

630 650 670 680 700 705 708 710 730 750

635 650 660 670 700 710 730 750 750 770

450 460 485 510 530 545 565 370 600 610

450 450 460 500 500 520 545 550 560 575
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I n d i v i d u a l  w e e k l y  e r y t h r o c y t e  c o u n t s  (mi 1 1 i o n s / c u . m m . ) o f  c a l v e s  d u r i n g
Weeks

C a l f
No. 0 1 2 3 4 5 6 7 8 9 10 11 12

1 8.05 8.29 8.03 7.81 8 .2

2 8.05 8 .8 8 8,21 8 .3 7 8 .8 4

3 7 .83 9 . 3 4 7 .86 7 . 4 5 . 7

k 8.47 8.23 8 .2 7.92 8 . 4 4

5 9 -9 7 9 .7 3 9 .0 9-1 10.1 10.14 9 . 3 4 8 . 8 4 9.21

6 7-96 6 . 8 9 7.71 7.73 8.1 8.15 7.9 6 .7 6 7-75

7 9 - 5 4 9 . 7 9 9.21 9 . 4 4 10.6 9 - 7 9-9 9 9-5 9.51

8 8.1 8 .19 8.1 8 .49 8 .5 8 8.62 8 .3 2 7 .4 4 7 .6 4

9 9 . 6 4 8.1 7.46 7 . 5 8 7.75 7.72 7 -5 8 7 -2 8 7 .4 7 7 . 4 7.23 7-11 6 . 4 4

10 8 . 7 8.32 7.91 8.65 8.65 8.62 8.02 7 .9 9 8 .02 7.83 7.96 7 .19 7-75

11 8.11 8-69 8.92 8.00 7.53 6 . 6 8 6 . 9 2 6 .6 3 7 .39 7.05 6 .8 6 6 . 8 4 6 . 5 8

12 9 . 1 9 8 .7 9 8 .16 8 .67 9 .2 5 8.59 8 .9 4 8.31 7.71 7.92 7 .7 9 7.92 7 . 4

13 9 . 6 7.92 7.86 9 .2 5 9 .7 3 9 .1 5 8 .6 4 8 .3 8 .8 6 8 .2 8 .5 7 8.16 8 .07

14 8 .7 8.91 8.53 9 . 1 9 9 . 3 4 8 .92 8 .5 2 8 .6 8-47 7 .4 3 7 .26 7.15 7 .42

15 8.45 9.1 8 .0 8 8 .1 7 8 .59 8 .5 8 8 .1 7 7 .56 8.12 7 .43 7.71 7.75 7 .3

16 9 .3 3 8.85 8 .3 7 8.96 8.62 8 .32 8.1 8 .0 8 8.11 8 . 6 7 .8 8 7 .76 7.76

17 8.81 8 .8 8 8.46 8 .2 8.96 7 .7 7 -8 8 7.73 7 . 9 K 7.42 7.79 7 .3 8 6.91

18 8.13 8.51 7 .52 8 .7 8 .99 9 . 0 7 8.35 7 .6 7 8.52 8 .29 8.31 8 .1 2 7 . 2 8

19 8.13 8.0 7 .39 7-27 8.42 7 . 8 8 .2 4 7.71 7- 24 6 . 9 9 6 .8 3 6 .9 7 6 .6 5

20 8.1 8- 27 7-3 7 .56 7 .8 8 7 .8 4 8.21 7 .6 4 7.02 7-1 7 .2 4 7.13 7-32

21 7-73 7.55 8 .2 7 .0 7 6 , 9 6 7 .0 8 7.00 6 . 8 4 6 . 7 4 6 . 3 6 . 8 8 6 . 4 4 6 . 5 9

22 8.75 10 .14 8 .72 8.41 8.85 8 . 4 8 8 . 2 3 ' 7 .8 8 8 .16 8 .15 7 .76 7 .66 7 .3 8

23 8.65 8 .5 6 7 . 9 8 7.85 8 .32 8.1 8 .3 6 7 .6 7 8 .19 7.91 7 .72 7 .1 8 7 .5

24 8 .3 8.51 9 . 2 4 8.46 8.99 8 .3 8 7 .9 7 .8 4 8 . 2 4 7 .63 7 .75 8 .2 7 .2 6



E x p e r i m e n t  2

13 14 15 16 17 18 19 20 21 22 23 24

8 . 4  8 .16  8 .62  8 .3

8.51 8 .1 9  8 .0 7  8.71

7.81 8.1 7 8 .12  7 .9

7.45  7 . 8 8  7 .2 6  7 .53

7 .32  7 .4 2  7.85 7 .63  7.81 7 .4 3  6 . 8 7  7 .27

8 .0 7  8 .1 9  7 .8 3  7 .7 5  8 .0 7  7.31 7 .1 9  7 .76

6.91 7 .8 4  6 .8 3  7 . 8 8  7 .31 7-31 6 . 7 6  7 .27

7.1 7 .3 6  7 .4 6  7 . 4  7 .5 3  8 .0  7 .9 6  7 .7

6 . 7 3  6 . 7 7  6 . 9 4  6 . 5 3  6 . 9 5  6 . 3 9  6 . 1 4  6 .6 5  6 . 7 7  6 . 3 9  6 . 6 5  6 . 6 7

7.41 7 .7  7 .49  7 .6 3  8.05  7-95 7 .2  7 -24  7 .6 5  8 .12  7 .8 8  7 .2 8

7 .0 6  7 . 3 8  7 . 6 8  7 .8 3  8 .0 7  7 .9 2  7 .72  7.16  7 .16  7 .15  7 . 4 4  7 .4 2

7 .96  8 .1 6  7 .8 7  7 .4 7  7 .5 6  7 .3 2  7 .32  7 .2  7 .5 9  6 .6 9  6 . 4 4  6.91
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C a l f

I n d iv id u a l  weekly  packed c e l l  volume (%) o f  ca lves  during Experiment 2

Weeks

lo. 0 1 2 3 4 5 6 7 8 9 10 11 12

1 32 30 30 29 31

2 32 34 34 31 30

3 31 31 30 30 23

4 34 34 34 31 30

5 35 35 35 32 32 34 34 31 32

6 33 31 32 30 29 33 33 30 33

7 35 34 34 33 35 32 31 32 33

8 37 35 36 37 36 38 38 34 35

9 30 32 31 30 29 31 31 29 32 30 28 28 28

10 36 34 . 34 37 34 34 35 33 34 33 33 32 34

11 35 35 37 33 30 28 31 30 33 31 29 28 30

12 34 32 31 32 31 31 35 30 31 30 30 29 30

13 35 33 34 32 35 33 32 31 34 32 31 31 31

14 34 35 34 34 34 34 33 33 34 33 31 31 34

15 35 34 34 35 34 35 34 32 34 31 30 31 32

16 36 33 33 30 33 32 33 32 32 31 31 30 30

17 36 36 34 33 36 29 34 31 31 32 30 29 30

18 32 30 30 31 32 33 31 30 34 32 30 30 27

19 32 32 39 31 31 31 30 30 30 30 28 28 28

20 31 32 39 39 31 33 34 31 29 29 30 39 30

21 34 31 33 29 29 32 32 32 32 31 31 30 31

22 33 35 33 31 33 32 32 31 33 33 31 30 29

23 32 29 31 31 31 33 33 30 34 31 30 32 32

24 34 35 35 34 36 35 34 33 35 34 34 36 33



13 14 15 16 17 18 19 20 21 22 23 24

34 32 33 31

38 34 33 38

33 33 32 33

29 30 28 32

32 32 32 32 31 31 30 31

30 30 29 30 31 30 28 31

29 30 27 28 33 30 29 32

28 30 29 31 31 31 29 34

32 32 30 30 32 31 29 32 29 32 31 34

28 30 29 30 32 32 30 31 35 34 34 31

29 29 30 33 33 32 33 31 32 32 32 31

37 37 34 33 35 33 34 33 35 31 32 34



T a b l e  58

I n d i v i d u a l  w e e k l y  h a e m o g l o b i n  l e v e l s  ( g m s /1 0 0  m l . )  o f  c a l v e s  d u r i n g

C a l f Weeks

No. 0 1 2 3 4 5 6 7 8 9 10 11 12

1

2

11.3

11.1

1 1,2  

12 .7

11.2

12.2

10.9

11 .4

11.3

11 .8

3 11.0 12.2 11 .2 10.9 9.1

4 11.5 11 .7 11.5 11 .2 12 .2

5 13.7 13.2 13.2 13.0 13 .6 13.9 13.1 13.1 13.5

6 12.5 11.7 12.5 12 .4 12.1 12.9 12 .9 11 .2 13.0

7 12.5 12.2 12.2 12.2 12 .3 11 .7 11.2 12.1 12.1

8 13 .7 14.0 14.0 15.0 14 .2 15.2 15.1 13 .4 14 .2

9 11 .2 12.0 11.2 10.9 11.1 11 .7 12.0 11.3 12 .3 11 .9 11.6 10 .9 10.6

10 13.2 12.0 12.5 13.0 12.9 13 .3 12.5 12 .8 13.6 12.5 13 .4 1 2 .4 12 .4

11 13.0 13 .7 13.5 12 .2 11.1 11.1 11.5 11 .4 13.2 12 .4 12.1 11.5 11 .4

12 12 .2 12.0 12.2 11 .7 12.1 12.5 12.7 11.6 12.0 12.1 11 .7 12.1 11 .4

13 13.0 11 .7 11.7 11 .7 12.6 12 .9 12 .4 12.0 13.0 12.1 12.1 13 .3 12.1

14 12.0 13.5 13.0 12.5 12 .8 13 .7 12 .4 13 .3 13 .4 12.3 12.0 12 .4 12.1

15 13.0 13.5 13.2 13.0 12.5 13.5 13.0 12 .8 13 .4 12.1 13.0 12.9 12.4

16 12 .7 12.5 12 .2 12.5 12.2 11 .8 12.5 13 .3 1 2 .4 12 .5 12 .4 11 .9 11.6

17 13.0 13.2 12 .7 12.2 12 .8 11 .7 13.0 12.0 12.5 12.9 12 .4 11.6 11 .6

18 11.2 11 .2 11.2 12.0 11.5 12.5 11.5 11 .2 12.0 11 .8 11.5 11.5 10.0

19 12 .2 12.0 11.0 11 .7 11 .7 12.1 12.5 12 .3 11 .6 11 .8 11 .2 11.1 10.9

20 11.0 12.5 11.2 11.2 11.0 12 .4 13.0 11 .7 11 .2 11.5 11 .7 11.3 11.9

21 12.0 12.0 12.0 10 .9 11 .4 12,0 12.1 12.6 12.1 11.9 11 .8 11.3 11 .9

22 12 .7 14.3 12 .7 12.2 12 .6 13.1 12 .9 1 2 .4 12 .9 12.9 11 .8 12.3 11.6

23 11 .2 11 .2 10.5 10 .8 10.5 11.5 11 .7 11.2 12.1 11.3 11.1 12.3 10 .9

24 12 .2 13 .2 12.7 12.2 13.2 12.0 1 2 .4 12 .9 13.6 12.9 13 .7 13 .8 12 .7



E x p e r i m e n t  2

13 14 15 16 17 18 19 20 21 22 23 24

12 .2 12 .4 1 2 .8 11.9

13 .8 13.3 12 .8 13 .7

13 .0 13 .6 13.5 12 .9

1 1 .4 12 .3 11 .7 11.9

12 .2 12.5 13.5 12 .4 11.5 12 .7 11.5 12.3

11 ,2 11 .4 10.6 10.9 11.5 10 .5 10 .2 11 .8

1 1 .4 13 .0 11.5 1 2 .4 11 .0 1 1.9 11 .3 12.7

10 .7 11.7 11 .8 11.0 12 .0 11 .9 11.9 12.9

12.0 12.1 12.1 11 .4 11 .7 11.1 11.1 12.1 10 .5 11.6 12 .4 12 .7

11 .7 1 1 .8 12.2 11.6 11.5 12 .7 11.9 11.6 13.3 13.0 13.3 12.2

10 .9 12.2 11.5 11 .4 12.0 11.1 11 .8 11.0 11 .9 11 .6 11 ,4 11 .6

13.5 12.6 13.5 12.1 11 .7 12 .7 12 .4 12.5 13.5 11.5 12.0 12.5



Tab le  59

In d i v id u a l  mean c o rp u s cu la r  volumes (cu .m ic rons)  o f  ca lv es  during Experiment 2 

c a l f  Weeks
lo. 0 1 2 3 4 5 6 7 8 9 10 11 12

1 3 9 .7 3 6 .2 37 .6 37.1 3 7 . 8

2 39 .7 38 .2 4 1 . 4 37 .0 33 .9

3 3 9 .6 33 .2 38 .2 4 0 . 5 4 0 . 3

k 40.1 4 1 . 3 4 1 .5 39.1 35 .5

5 35.1 35 .9 3 8 .9 35.1 3 1 .7 33 .7 3 6 . 4 35.1 3 4 .7

6 4 1 .5 4 4 . 9 4 1 .5 3 8 .8 3 5 . 8 4 0 . 5 4 1 . 8 4 4 . 3 4 2 .6

7 36 .7 34 .7 36 .9 34 .9 33 .0 33 .0 31 .0 33 .6 3 4 .7

8 4 5 . 7 4 2 . 7 4 4 . 4 4 3 .5 4 2 .0 44.1 4 5 . 7 4 5 . 7 4 5 . 8

9 31.1 39 .5 4 1 .5 39 .5 3 7 .4 40.1 4 0 . 8 3 9 .8 4 2 . 8 4 0 . 5 38 .7 3 9 . 4 4 3 . 4

10 4 1 . 4 4 0 . 9 4 2 . 9 4 2 . 7 3 9 .3 3 9 .4 4 3 . 6 4 1 . 3 4 2 . 4 42.1 4 1 , 4 4 4 . 5 4 3 . 8

11 4 3 . 2 4 0 . 3 4 1 . 5 4 1 . 2 3 9 .8 4 1 . 9 4 4 . 8 4 5 . 2 4 4 . 7 4 3 . 9 4 2 .2 4 0 . 9 4 5 .5

12 37 .0 36 .4 37 .9 3 6 .9 33 .5 36.1 39.1 36.1 4 0 . 2 3 7 . 8 38 .5 36 .5 4 0 . 5

13 36 .5 4 1 . 7 4 3 . 2 34 .5 36 .0 36.1 37 .0 3 7 . 4 38 .3 39.0 36.1 38 .0 38 .3

14 39.1 39 .3 3 9 . 8 36 .9 38 .5 4 0 . 4 38 .7 3 8 . 4 40.1 4 4 . 4 4 2 . 6 4 3 . 4 4 5 . 8

15 4 1 . 4 3 7 .4 42.1 4 2 . 8 39 .6 4 0 , 8 4 1 .6 4 2 . 3 4 1 . 9 4 1 . 7 3 8 .9 40 .0 4 3 . 8

16 38 .6 37 .3 3 9 .4 3 3 . 4 38 .3 38 .5 4 0 . 7 39 .6 39 .5 36.0 39 .3 39.1 38 .6

17 4 0 . 9 4 0 .5 4 0 . 2 4 0 . 2 4 0 . 2 3 7 .7 43.1 40.1 39 .2 43.1 38 .5 39 .3 4 3 . 4

18 3 9 . 4 35 .2 39 .9 35 .6 35 .6 3 6 .4 37.1 39.1 39 .9 38 .6 36.1 36 .9 37 .0

19 3 9 . 4 4 0 .0 3 9 .2 36 .5 3 6 . 8 3 9 .7 3 6 .4 3 8 .9 4 1 . 4 4 2 . 9 4 0 . 9 4 0 . 2 42.1

20 3 8 .3 38 .7 3 9 .7 3 8 .3 3 9 .3 42.1 4 1 . 4 4 0 . 6 4 1 . 3 4 0 . 8 4 1 . 4 4 0 . 7 4 0 . 9

21 4 4 . 0 41 .1 4 0 . 2 41 .1 4 1 . 7 4 5 . 2 4 5 . 7 4 6 . 8 4 7 . 5 4 9 . 2 4 5 .0 4 6 . 6 3 8 .4

22 3 7 .7 34 .5 3 7 . 8 3 6 . 8 3 7 .3 3 7 .7 38 .9 3 9 .3 4 0 . 4 4 0 . 4 3 9 .9 39 .2 4 0 .0

23 37.0 33 .9 3 8 . 8 3 9 .4 3 7 .3 4 0 . 7 39 .5 39.1 4 1 . 5 39.1 3 8 . 8 4 4 . 6 34.1

24 4 1 .0 41.1 3 7 .8 40.1 4 0 .0 4 1 . 8 4 3 .0 42.1 4 2 . 5 4 4 .5 4 3 . 8 4 3 . 9 38 .5



13 14 15 16 17 18 19 20 21 22 23 24

4 0 . 4  3 9 .2  3 8 .3  37 .3

4 4 . 6  4 2 . 7  4 0 . 9  4 3 .6

4 2 . 2  4 0 . 4  3 9 .4  4 1 . 8

3 8 .9  38.1 38 .6  4 2 .5

4 3 . 7  43.1 4 0 . 8  4 1 . 9  39 .7  4 1 . 7  4 3 . 7  4 2 .6

37.1 36 .6  37 .0  3 8 .7  3 8 . 4  4 1 . 0  3 8 .9  39 .9

4 1 . 9  38 .3  3 9 .5  35 .5  45 .1  4 1 . 0  4 2 . 9  44 .0

3 9 . 4  4 0 . 8  3 8 .9  4 1 . 9  4 1 . 2  3 8 .7  3 6 .4  4 4 . 4

4 7 .5  3 7 .3  4 3 . 2  4 5 . 9  3 9 .7  4 8 . 5  4 7 . 2  48.1 4 2 . 8  5 0 . 8  4 6 . 6  51 .0

3 7 .7  39 .0  3 8 .7  3 9 .3  4 0 . 9  4 0 . 2  4 1 . 6  4 2 . 8  4 5 . 7  4 1 . 9  43 .1 4 2 . 6

4 1 . 0  3 9 .3  39.1 42 .1  4 0 . 9  4 0 . 4  4 2 . 7  4 3 . 3  4 4 . 7  4 4 . 7  4 3 . 0  4 1 . 8

4 6 . 4  4 5 . 3  4 3 . 2  4 4 . 2  4 6 . 3  45 .1  4 6 . 4  4 5 . 8  46 .1 4 6 . 3  4 9 . 7  4 9 . 2



T a b l e  60

In d iv id u a l  mean co rpuscu la r  haemoglobin l e v e l s  (%) o f  ca lv es  during  

ca l f  weeks
No. 0 1 2 3 4 5 6 7 8 9 10 11 12

1 35 .3 37 .3 37 .3 37 .6 3 6 .4

2 34 .7 3 7 .4 35 .9 3 6 .8 39 .3

3 35 .5 3 9 .4 3 7 .3 36 .3 39 .6

4 3 3 .8 3 6 . 4 3 3 .8 36.1 4 0 . 7

5 39.1 3 7 .7 3 7 .7 4 0 .6 4 2 .5 4 0 . 9 38 .5 4 2 . 2 4 2 . 2

6 37 .9 3 7 .7 3 5 .7 4 1 . 7 4 1 . 7 39.1 39.1 37 .3 3 9 . 4

7 35 .7 35 .9 35 .9 37 .0 35.1 36 .6 36.1 3 7 . 8 36 .7

8 37 .0 4 0 .0 38 .9 4 0 .5 3 9 .4 4 0 .0 39 .7 3 9 . 4 4 0 .6

9 37 .3 37 .5 36.1 36 .3 3 8 .3 3 7 .7 3 8 .7 39 .0 3 8 . 4 3 9 .7 4 1 . 4 38 .9 3 7 .8

10 36 .7 35 .3 5 6 .8 35.1 3 7 .9 39.1 35 .7 3 8 . 8 4 0 .0 3 7 .9 4 0 . 6 38 .7 36 .5

11 37.1 39.1 36 .5 37 .0 37 .0 39 .6 37.1 38.0 4 0 .0 4 0 .0 4 1 . 7 41.1 38 .0

12 35 .6 37 .5 39 .5 36 .6 39 .0 4 0 . 3 36 .3 3 8 .7 38.-7 4 0 . 3 39.0 4 1 . 7 38.0

13 37.1 35 .5 3 4 .4 36 .6 36 .0 39.1 38 .7 38 .7 38 .2 37 .3 39.0 4 2 .9 39 .0

14 35 .3 38 .6 38 .2 3 6 . 8 35 .5 38 .0 37 .6 4 0 . 3 3 9 . 4 37 .3 38 .7 40 .0 35 .6

15 37.1 39 .7 3 8 . 8 37.1 3 6 . 8 38 .6 3 8 .2 4 0 .0 3 9 . 4 39 .0 4 3 . 3 4 1 .6 38 .7

16 35 .3 37 .9 37 .0 4 1 . 7 37 .0 36 .9 37 .9 4 1 . 6 3 8 .7 4 0 .3 4 0 .0 39 .7 38 .7

17 36.1 36 .7 37 .3 37.0 35 .5 4 0 .3 38 .2 38 .7 4 0 . 3 4 0 .3 4 1 . 3 4 1 . 4 38 .7

18 35 .0 37 .3 37 .3 38 .7 35 .9 3 7 .9 37 .7 37 .3 3 5 .3 36 .9 38 .3 38 .3 37.0

19 38.1 37 .5 37 .9 39.0 3 7 .7 39 .0 4 1 . 7 4 1 .0 38 .7 39 .3 4 0 .0 39 .6 38 .9

20 35 .5 39.1 38 .6 38 .6 35 .5 37 .6 38 .2 3 7 .7 38 .6 39 .6 39 .0 39.0 39 .7

21 35 .3 38 .7 3 6 .4 37 .6 39 .3 37 .5 3 7 . 8 3 9 .4 3 7 .8 3 8 .4 38.1 37 .7 3 8 .4

22 38 .5 4 0 . 8 38 .5 39 .3 38 .2 4 0 . 9 4 0 . 3 4 0 .0 39.1 39.1 38.1 4 1 ,0 4 0 .0

23 35 .0 38 .6 33 .9 3 4 . 8 33 .9 3 4 .8 3 5 .4 37 .3 35 .6 3 6 .4 37.0 3 8 .4 34.1

24 35 .9 3 7 .7 36 .3 35 .9 3 6 .7 34 .3 36 .5 39.1 38 .9 3 7 .9 4 0 . 3 38 .3 38 .5



E x p e r i m e n t  2

13 14 15 16 17 18 19 20 21 22 23 24

35 .0  3 8 .7  3 8 .8  3 8 .4

36 .3  38 ,0  3 8 . 8  36 .0

3 9 . 4  4 1 . 2  4 2 . 2  39.1

3 9 .3  4 1 .0  4 1 . 8  3 7 .2

38.1 39.1 4 2 . 2  3 8 .7  37.1 4 1 . 0  3 8 .3  39 .7

3 7 .3  38 .0  36 .5  36 .3  37.1 35 .0  3 6 . 4  38.1

3 9 .3  4 3 . 3  4 2 . 6  4 4 . 3  3 3 .3  3 9 . 7  3 9 .0  4 2 .3

38 .2  39 .0  4 0 . 7  3 7 . 4  3 8 . 7  3 8 . 4  4 1 . 0  37 .9

37 .5  3 7 . 8  4 0 . 3  38 .0  36 .6  3 5 . 8  3 8 .3  3 7 .8  3 6 .2  3 6 .2  4o.O 3 7 .3

4 1 . 8  3 9 .3  42.1 3 8 .7  3 5 .9  3 9 .7  3 9 .7  3 7 . 4  38 .0  3 8 .2  39.1 39 .3

37 .6  42 .1 3 8 .3  39 .5  3 6 . 4  3 4 . 7  3 5 .7  35 .5  3 7 . 2  3 6 .2  35 .6  3 7 . 4

3 6 .5  34 .0  3 9 . 7  3 6 .7  3 3 . 4  3 8 .5  36 .5  37 .9  38 .6  37.1 37 .5  3 6 . 8



T a b l e  6 l

I n d iv id u a l  serum albumin l e v e l s  (gms/100 m l . )  o f  c a lves  during  

Experiment 2

ca l f  weeks
No. 0 2 4 6 8 10 12 14 16 18 20 22 24

1 2 .4 9 2 . 1 8 2 .29

2 2 .40 2 . 0 7 2 . 2 7

3 2 . 4 4 2 .2 3 2 .2 0

4 2 . 3 4 2 .12 2 .45

5 2 . 2 7 2 .16 2 .25 2 . 1 4 1 .8 9

6 2 . 3 8 2 . 3 4 2 .23 2.10 1,99

7 2.51 2 .20 2 .1 8 1.93 1 .9 9

8 2 .0 3 2 .0 9 2 .00 2 .0 6 2 .2 6

9 2 .2 3 2.11 1.70 2 .1 9 2.41 1.79 2 .0 9

10 2 .0 7 2.11 2 .0 9 2 .15 2 .10 1 .88 1.95

11 2 .25 2 .3 7 2 .19 2 .4 2 2 .3 9 2 .3 9 2 .1 6

12 2 .3 7 1.94 2 .1 6 2 . 2 8 2 .3 2 2 . 2 7 2 .20

13 2 .50 2 . 1 4 2 .2 2 2 .0 6 2 .0 5 2 . 1 7 2 .1 2 2.31 2 .0 2

14 2 .40 2 .03 2.20 2 . 0 5 2 . 0 7 1.95 1.96 2 . 0 4 2.10

15 2 .55 2 . 1 4 2.25 2 .4 7 2 . 4 8 2 .30 2 .0 7 2 .1 9 2 . 1 7

16 2.70 2 .3 6 2 .2 6 2 .4 3 2 .3 9 2 .35 2 .4 2 2 .29 2 .4 9

17 2 .5 9 2.30 2 .30 2.20 2 . 3 7 2 .20 2.10 2 . 2 8 2.30 2 .3 9 2 .5 3

18 2 . 4 8 2 .02 2 .06 2.01 2 . 2 9 1 .98 2 .0 2 2 .1 8 2.11 2.01 2 .3 7

19 2.41 2.31 2 .0 7 1.99 2.31 2 .1 2 2 .26 2 . 3 8 2 .29 2 .0 9 2 .50

20 2.21 2 .1 6 2.10 1.96 2 .1 7 2 . 1 4 2 . 2 4 2,30 2 .3 7 2 .10 2 .5 3

21 2 .5 2 1.99 2 .2 3 2 .1 7 2 .3 3 2 .10 2.31 2 . 3 2 2 .1 3 2 . 1 2 2 .45 2.31 2 .5 3

22 2 . 8 9 2 .4 3 2 .43 2.21 2.21 2.1 1 2 .0 9 2 . 2 4 1.96 2 .1 2 2 .6 6 2 . 4 8 2 .39

23 2 . 4 7 2 .2 5 2 .3 5 1 . 9 8 2 .0 6 1.97 2 .0 6 2 . 0 7 2 .05 1 .9 8 2 . 1 8 2 .70 2 .40

24 2 . 3 4 2 .20 2 .26 2 .15 2 .2 6 2 .0 3 2 .30 2 .16 2 .0 7 2 .0 7 2 . 4 4 2 .1 6 2 .3 6



T a b l e  62

I n d iv i d u a l  t o t a l  serum g l o b u l i n  l e v e l s  (gms/100 m l . )  o f  ca lves  during  

Experiment 2,

c a l f  Weeks
o. 0 2 4 6 8 10 12 14 16 18 20 22 24

1 3.51 3 .5 2 3.41

2 3 .5 3 .8 3 3 .83

3 3 .5 6 3 .5 7 3.50

4 3 .9 6 4 . 0 8 4 .2 5

5 4 . 0 3 4 . 0 4 4 .1 5 4 . 0 6 3.81

6 3 .35 3 .26 3 .4 7 4 . 0 0 3.81

7 3 .6 9 3.50 3 .72 4 . 4 7 3.91

8 3 .4 7 3.61 4 . 1 0 4 . 6 4 4 . 2 4

9 3 .6 7 3 .7 9 4 .3 0 3.91 3 .4 9 4.41 4.11

10 3 .7 3 3 .59 4.11 4 . 0 5 3 .9 0 4 . 4 2 4 . 2 5

11 3.95 4 . 3 3 4.31 4 . 3 8 4.51 4.51 4 . 5 4

12 4 . 0 3 4 . 1 6 3.70 4 . 3 2 3 . 9 8 4 . 3 3 4 .8 0

13 3.50 3 .5 6 3 . 3 8 3 .5 4 3 .6 5 4 . 1 3 3 . 9 8 4 . 2 9 4 . 2 8

14 3.30 3 .4 7 3.70 3.45 3 .9 3 3 .75 4 . 3 4 4 . 6 6 4 . 8 0

15 3.85 4 . 2 6 3.95 4 . 1 3 3 .9 2 4 .4 0 4 . 4 3 4.61 4 . 7 3

16 3.40 3 . 9 4 3 .4 4 4 . 1 7 4 .11 3.95 4 . 2 8 4.31 4.61

17 3.01 3.40 3.70 3.90 3 .7 3 3.90 4 .4 0 4 . 4 2 4 . 3 0 4.51 4 . 1 7

18 3 .4 2 3 . 4 8 3 .3 4 3 .6 9 3.71 4 . 2 2 4 . 2 8 4 . 4 2 4 . 6 9 4 . 4 9 4 . 7 3

19 3 .59 3 .7 9 3 .8 3 4.11 3 .7 9 3 .9 8 4 . 2 4 5 .2 2 4.61 4.41 4 .1 0

20 3 .3 9 3 .5 4 4 .1 0 4 . 3 4 3 .8 3 4 . 0 6 4 .4 6 4 .4 0 4 . 4 3 4 .5 0 4 . 5 7

21 2 . 7 8 4 .11 3 .5 7 3 .8 3 3 .7 7 4 . 1 0 4 . 3 9 4 . 0 8 4 . 7 7 4 . 9 8 4 .7 5 4 . 5 9 4 . 8 7

22 3.71 3 .9 7 4 . 0 7 4 . 1 9 4 . 0 9 4 . 0 9 4.01 4 . 3 6 4 . 1 4 4 . 2 8 4 . 2 4 4 . 2 2 4.11

23 4 . 6 3 4 .2 5 4 . 4 5 4 . 4 2 4 . 1 4 4 . 3 3 4 . 8 4 4 . 3 3 4 .8 5 4 . 9 2 4 . 5 2 4 .4 0 4 .9 0

24 3 .1 6 3.50 3 . 3 4 3.55 3 .6 4 3 .9 7 4 . 4 0 4 . 4 4 4 . 3 3 4 . 3 3 4 . 2 6 4 . 2 4 4 . 2 4



T a b l e  63

I n d iv id u a l  weekly  serum g l u t a m i c - o x a l o a c e t i c  t ransaminase l e v e l s  

c a l f  Weeks
No. 0 1 2 3 4 5 6 7 8 9 10 11 12

1 65 83 87 119 99

2 70 63 74 87 78

3 78 66 104 123 87

4 62 78 97 102 113

5 70 71 99 97 89 83 89 90 121

6 77 87 100 122 93 89 86 72 114

7 63 65 82 87 87 75 82 77 90

8 83 84 115 141 107 116 91 82 143

9 71 80 84 93 78 95 98 77 122 93 136 121 135

10 53 84 101 69 102 93 112 82 85 122 127 134 155

11 62 76 100 101 98 82 125 97 83 116 137 145 150

12 70 76 107 111 121 110 I6 l 71 87 136 110 131 195

13 75 78 93 87 74 87 83 71 87 136 110 104 115

14 69 77 97 99 87 97 97 91 126 160 I6 l 182 195

15 81 77 136 104 93 77 107 87 107 90 131 l6 l 136

16 56 57 93 111 97 86 95 83 111 97 106 98 107

17 80 85 96 104 119 82 111 107 136 122 110 108 144

18 73 90 107 126 110 119 104 93 117 136 I6 l 170 152

19 71 65 119 111 82 80 86 89 83 92 114 101 120

20 71 87 130 112 96 100 100 81 85 107 80 122 133

21 65 71 93 107 93 77 82 63 80 91 110 82 133

22 60 71 82 76 87 83 91 75 87 87 83 112 101

23 58 57 104 90 69 75 98 63 81 68 85 172 89

24 71 86 104 99 70 84 102 76 97 106 89 115 160



( S - F  u n i t s )

13 14 15 16 17 18 19 20 21 22 23 24

159 156 89 115

157 136 102 145

114 100 97 98

147 127 70 88

156 119 113 121 131 135 102 124

162 275 157 172 129 149 144 152

129 95 88 107 110 93 108 104

134 115 87 151 129 121 113 109

117 99 87 110 135 149 145 140 113 100 109 133

117 78 71 99 120 102 94 101 73 111 93 87

149 119 95 105 115 102 159 124 107 82 137 99

122 120 88 100 92 107 130 110 59 H I  66 59



T a b l e  64

I n d i v i d u a l  w e e k l y  f a e c e s  egg c o u n t s  ( e g g / i 3  gms o f  f a e c e s )  o f  c a l v e s

C a l f
lo. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 0 0 0 0 0

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0 0 0 0 0 1 2

11 0 0 0 0 0 0 0 0 0 0 0 2 0

12 0 0 0 0 0 0 0 0 0 0 0 1 0

13 0 0 0 0 0 0 0 0 0 0 0 1 0 4 3 1 11

14 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 20 16

15 0 0 0 0 0 0 0 0 0 0 0 0 2 0 10 4 8

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 18 5

17 0 0 0 0 0 0 0 0 0 0 0 1 2 1 2 20 2

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 8 9

19 0 0 0 0 0 0 0 0 0 0 0 0 0 3 11 9 3

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1

21 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 0 3

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1

23 0 0 0 0 0 0 0 0 0 0 0 1 1 1 10 1 2

24 0 0 0 0 0 0 0 0 0 0 0 0 3 1 24 6 6



d u r i n g  E x p e r i m e n t  2

17 18 19 20 21 22 23 24

5 4 1 0

11 8 4 3

3 11 10 1

0 1 2  0

3 8 9 2 1 3  3 1

1 3  1 1 2  2 6 1 

1 4 6 1 1 4  0 0 0

8 11 3 1 2 0 1 0



T a b l e  65

Mean e r y t h r o c y t e  counts ( R . b . c , ) ,  packed c e l l  volumes ( P . C . V . )  haemoglobin

co n c e n t ra t io n s  (Hb) mean c o rp u sc u la r  volumes ( M .C .V . )  and mean co rpuscu la r

haemoglobin c o n c e n t ra t io n s  ( M . C .H .C . )  o f  8 ca lves  f o l lo w i n g  t h e i r  i n i t i a l

i n f e c t i o n  w i t h  750 m e ta c e r c a r ia e  o f  F. h e p a t ica  and subsequent r e i n f e c t i o n  w i th

1,300 m eta c e rc a r ia e  o f  F. h ep a t ica  7 weeks l a t e r .

Weeks
e r
ect  ion

R . b . c .
(mi 11 ions/cu.mm)

P . C
{ %

. V
)

• H b
(gm/lOOml. )

M . C . V .
(cu .m ic rons)

M . C . H
(%)

.c '

0 8.41 + .09 32.1 ± . 74 1 2 .4 ± .34 38 .2 ±  .64 3 8 .6 i .57

1 8 .0 8 ± .12 3 3 .7 ± .53 12.5 ± .12 4 1 . 8 ± .68 37 .0 ± .52

2 8.31 ± .20 3 2 . 4 ± .53 12.2 ± .29 39.0 ± .45 37 .5 i . 4 8

3 8 .8 8 ± .11 34 .5 ± .33 13.2 ± .41 3 8 .9 ± .67 3 8 .3 ± .49

4 8.11 ± .14 3 3 . 7 ± .31 12 .7 + .09 4 1 . 7 ± .4 4 37 .5 ± .43

5 8.40 ± .14 32 .9 ± .4 4 12.3 ± .18 39 .2 ±1 .13 37 .6 ± .57

6 8 .42 ± .19 3 1 .7 ± .49 12.3 ± .15 3 7 .8 ± .64 38 .9 ± .45

7 8 .53 ± .25 32 .5 ± .53 12.6 ± .23 38 .2 ± .68 3 8 . 8 ± .48

8 8 .6 2 ± .26 3 4 .2 ± .77 13.1 + .24 3 9 .8 ± . 61 38 .2 ± .54

9 8.31 ± .24 3 4 .4 + .60 12.8 + .23 4 1 . 5 ± .85 37.1 + .66

10 8.30 ± . 2 8 3 2 .7 + .62 12.6 ± .24 39 .6 ± 1.0 3 8 .4 ± .36

11 8.35 ± .22 3 2 .6 ± .82 12 .7 + .22 39.1 ± .49 39.1 + .51

12 7 .8 2 ± .20 33 .5 ± .50 12.7 + .27 4 3 .0 ± 1 .07 37 .9 ± .55

13 8 .1 2 ± .25 3 2 . 4 ± .62 12 .7 ± .20 40.1 ± 1 .24 3 9 .4 ± .26

14 7 .7 8 ± .23 3 0 .9 ± .69 12.3 ± .13 3 9 . 8 ± .92 4 0 . 3 .52

15 8 .03 ± .21 3 1 .9 ± .5 8 12 .7 ± . 5 8 3 9 . 8 ± .8 8 40 .0 ± .33

16 7 .7 2 ± .21 3 1 . 4 ± .46 12.5 ± .11 4 0 . 7 ± .85 4 0 .0 ± .30

17 7 . 8 2 ± . 1 8 3 1 .2 ± .59 12.3 + .13 40 .0 ± .90 39 .6 ± .65

18 7 .8 8 ± .20 3 3 . 4 ± .50 12.9 ± .20 4 2 .5 ±2.93 38 .6 ± .39

19 7 .5 7 ± .22 30 .6 + .62 11.9 + .25 4 0 . 9 ±1 .12 3 8 . 8 ± .41

20 7 .7 7 ± .16 3 3 .6 ± .73 13.0 + .24 4 3 . 3 ± .8 4 3 8 .9 ± .57



T a b l e  6 6
M e a n  e r y t h r o c y t e  c o u n t s  ( R . b . c . ) ,  p a c k e d  c e l l  v o l u m e s  ( P . C . V . ) , H a e m o g l o b i n  

c o n c e n t r a t i o n s  ( H b ) ,  m e a n  c o r p u s c u l a r  v o l u m e s  ( M . C . V . )  a n d  m e a n  c o r p u s c u l a r  
h a e m o g l o b i n  c o n c e n t r a t i o n s  ( M . C . H . C . )  o f  8  c a l v e s  f o l l o w i n g  t h e i r  i n i t i a l  
i n f e c t i o n  w i t h  7 5 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a  a n d  s u b s e q u e n t  r e i n f e c t i o n  w i t h  
1 , 3 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a  1 2  w e e k s  l a t e r .
Weeks
a f t e r R b . c. P . C : . v H b M . C . V . M . C . H i . C
i n f e c t  ion (mi 1 1 ions/cu.mm) (%) (gm/100ml) (cu .m ic r o n s ) (%)

0 7 .96 ± . 16 32 .6 ±1 .05 12. 1 ± .3 6 41 .0 ±1 .47 37 .3 ± . 54

1 7.71 ± .29 3 3 .2 ± .9 9 12.1 ± .40 4 3 .3 + .9 7  ’ 36 .3 ± . 62

2 8 .22 ± .26 33.1 ± .69 12.5 ± . 28 4 0 . 4 ± .8 4 37 .7 + .62

3 8 .2 4 ± .31 3 4 .9 ±1 .00 12.9 ± . 37 4 2 .5 ± .97 37 .0 ± .40

4 7 .89 ± .23 33.1 ± .83 12 .4 ± .29 4 2 .2 ± .45 3 7 .4 ± . 37

5 7 .7 9 ± .30 3 2 .2 ± .86 11 .8 ± . 32 4 1 .6 ± .7 7 3 6 .6 ± .35

6 8 .14 ± .27 3 1 .7 ± .80 12.2 ± .29 39 .2 ±1 .15 38 . 3 ± .63

7 8 .23 ± .32 3 2 .6 ±1 .05 12.5 ± . 36 3 9 .7 ± .67 38 .5 ± .33

8 8 .1 4 ± .23 3 4 .7 ± . 8 4 12.7 ± . 23 4 2 . 9 ±1 .1 4 3 6 .7 ± .92

9 7 .9 8 ± .26 33 .9 ± .72 13.0 ± . 2 8 4 2 . 6 ±1 .22 38 .3 ± .58

10 7.92 ± .32 32 .6 ±1 . 11 12.3 ± .29 4 1 . 4 ±1 .22 3 7 .7 + . 5 9

11 8.05 + .29 3 2 . 4 ± .84 12 .8 + .45 4 0 . 3 ± .85 39 .5 ± . 9 8

12 7.52 ± .2 7 3 2 .6 ± .98 12.2 ± .42 4 3 .5 ± .83 3 7 . 4 + .71

13 7.86 ± . 29 32 .9 ± .81 12.5 ± .36 4 2 .0 ± .95 38 .0 ± .31

14 7.71 ± .26 3 2 .7 ±1 .19 12.3 ± .32 4 2 . 6 ±1 .41 37 .6 + .87

15 7 .86 ± .22 3 2 .9 ± .7 7 12.9 ± .33 4 1 .9 ± .85 39 .3 ± . 2 8

16 7.52 ± .23 3 1 . 4 ±1 .01 12.2 + .9 2 4 1 . 7 ± .70 39.1 ± .46

17 7.72 ± .20 32.1 ± .55 12 .4 + .70 4 1 .7 ± . 94 3 8 .8 + .33

18 7 .57 ± . 2 8 32 .9 ± .91 12.7 ± .4 8 4 3 . 6 ±2 .05 3 8 .8 ± .52

19 7.36 ± .25 30 .7 ± .94 12.0 ± .33 4 2 . 8 ± .98 3 8 . 4 i . 4 8

20 7.51 ± .26 3.30 ± .9 8 12.7 ± .41 44 .0 ± .7 7 3 8 .4 ± . 36



T a b l e  67

M e a n  s e r u m  a l b u m i n ,  t o t a l  s e r u m  g l o b u l i n s ,  s e r u m  g l u t a m i c - o x a l o a c e t i c
t  ransaminase (SCOT) l e v e l s  o f 8 c a lves  f o l lo w in g the  i r i n fe c t  i on w i th  '

m e ta c e r c a r ia e o f  F. hepat ica and t h e i r  subsequent r e i n f e c t i o n  w i t h  1,3(

metacerca r i ae o f  F. hep a t ica 7 weeks l a t e r .

Weeks 
a f t e r  
i n f e c t  ion

Serum a 1bumin 
1eve ls
(gm/100 m l . )

T o ta l  serum
g lo b u l In  l e v e l  SCOT 
(gms/100 m l . )  (S-F

l e v e l s  
u n i t s )

0 2 .1 9  + . 0 8 3 . 8 9  ± .17 72 .7 ± 4 . 5

1 82.0 ± 5 . 5

2 2 . 2 4  ± .03 3 .8 9  ± .11 72 .6 ± 4 . 0

3 1 19.0 ± 14.6

4 2 .2 6  ± .07 4 . 1 9  ± .10 83 .6 ± 7.0

5 107.5 ± 11.2

6 2.21  ± .09 4 . 5 7  ± .31 8 1 .9 ± 5.1

7 6 6 .9 ± 1.9

8 2 . 1 4  ± . 0 4 4.21 ± .13 9 6 .0 ± 5 .0

9 83 .9 ± 5 . 6

10 2.21  ± .03 4 . 5 6  ± .09 89 .5 ± 7 .2

11 88 .2 ± 5 . 6

12 1 .9 8  ± .05 4 .5 5  ± .16 80 .6 ± 3 . 7

13 86 .7 ± 5 .6

14 2 .0 2  ± .05 4 . 2 7  ± .14 9 1 .2 ± 7 . 4

15 121 .4 ± 15 .7

16 2 .0 3  ± . 04 4 .6 0  ± .15 100.4 ± 9 . 8

17 102.5 ± 10.5

18 1.96 ± . 0 4 4 . 8 6  ± .13 9 1 .0 ± 5 . 8

19 106.0 ± 7 .3

20 1 .9 8  ± .03 4 . 9 3  ± .13 9 8 .2 ± 8 . 8



T ab le  68

Mean serum albumin ,  t o t a l  serum g l o b u l i n s ,  serum g l u t a m i c - o x a l o a c e t i c  

t ransaminase (SCOT) l e v e l s  o f  8 ca lves  f o l l o w i n g  t h e i r  i n f e c t i o n  w i th  750

m e ta c e r c a r ia e o f  F. h e p a t ic a  and t h e i r subsequent r e i n f e c t i o n  w i t h  1 , 3C

metacerca r iae o f  F. h e p a t ic a  12 weeks l a t e r .

Weeks Serum a 1b u l in T o ta l  serum
a f t e r 1eve ls g lo b u l i  n 1evel S C O T  l e v e ls
i n f e e t  i on (gms/100 m l , ) (gms/100 m l . ) (S-F  u n i t s )

0 2 . 2 4  ± .03 3 .6 3  + .11 6 8 . 9  ± 3.1

1 75 .5  ± 3 . 4

2 2 .2 6  ± . 0 7 3 .6 5  ± .10 71.0  ± 3 .2

3 109.5 ± 9 . 9

4 2 .4 0  ± .0 7 3 .8 6  ± . 1 4 80 .0  ± 4 . 0

5 8 8 . 4  ± 5 . 4

6 2 . 5 4  ± .19 4 .2 5  ± .10 84 ,5  ± 6 , 8

7 8 1 .7  ± 5 . 3

8 1 .9 7  ± . 0 8 4 .2 1  ± .07 103.0 ± 12.5

9 82 .6  ± 7 .2

10 1 .9 8  ± . 0 8 4 . 0 0  ± .19 9 2 . 7  ± 8.1

11 104 .4  ± 7 . 9

12 1 .9 3  ± .03 4 . 3 7  ± .11 88 .9  ± 5 . 2

13 7 3 .4  ± 1.5

14 1 .98  ± . 0 8 3 .7 7  ± . 3 8 8 5 .4  ± 4 . 2

15 9 8 .0  ± 11 .7

16 2 .1 3  ± . 0 4 4 .3 1  ± .11 7 9 .7  ± 2 . 9

17 82 .5  ± 5 . 0

18 2.01 ± . 0 8 4 .4 0  ± .13 7 8 .2  ± 4 . 5

19 82 .9  ± 4 . 7

20 2 .1 6  ± .05 4 . 3 2  ± .10 84 .6  ± 4 . 7
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T a b l e  70

Mean w e e k l y  e r y t h r o c y t e  c o u n t s  (mi 1 1 i o n s / c u , m m , ) o f  t h e  7 g r o u p s  o f

Weeks

Group 0 1 2 3 4 5 6 7 8 9 10

1
8.56

±
.12

8 .1 4
±

.2 4

8 .56
+

.33

9 .05
±

.1 8

8.03
±

.27

8.43
±

.25

8 .1 5
±

.26

8 .62
±

.50 -

8 .62
+

.49

8.25
±

.4 3

8.22
+

.42

2
8 .25

±
.12

8 .02
±

.11

8 .05
±

. 16

8.70
±

. 0 8

8 .1 8
±

.10

8 .3 7
±

.1 7

8 . 6 8
±

.2 4

8 .4 4
f

.19

8 .62
±

.29

8 .36
±

.2 8

8 .3 8
±

.44

3
7.83

±
.26

7.50
±

.53

8 .15
+

. 4 4

8 .07
±

.52

7.80
±

.27

7.63
±

.53

8 .0 0

Â
7.90

+
.36

7 .9 6
±

.40

7 .69
±

.41

7 .7 4
±

.62

4
8 .09

±
.22

7.91
±

.29

8-29
+

.3 4

8 .4 0
±

.40

7 .9 8
±

.41

7 .9 4
±

.35

8 .2 8
±

.35

8 .5 6
±

.52

8 .32
±

. 2 4

8 .2 6
±

.63

8 .09
±

. 2 8

5
8 .2 8

±
.2 9

7.40
+

.53

7 . 3 8
±

.42

7 .53
±

.36

7.01
±

.25

7 .2 8
±

.2 4

7 .2 5
±

.2 4

7 .3 2
f

. 3 4

7 .4 3
±

. 3 8

7 .0 8
±

.23

7.26
±

. 36

6
8 .29

±
.32

8 .3 6
±

.31

8 . 3 8
±

. 2 4

8 .4 3
±

. 34

8 .0 3
+

.4 6

7.96
±

. 4 8

7 .90
±

.3 6

7.91
+

.2 7

8.31
±

. 36

7 .9 4
+

.46

7 .8 8
±

-24

7
8 .05

±
.26

7.85
±

. 14

7 .9 4
+

.19

7 .70
+

. 1 8

7.55
±

.1 7

7.60
+

.11

7 .7 2
+

.16

8414
±

.25

8.21
±

.29

7 .9 2
±

.16

8 .1 4
±

.30



c a lves dur Î ng Experiment 3

1 1 12 13 14 15 16 17 18 19 20

8 . 2 9
±

. 2 8

7 .7 4
±

.32

7 . 9 8

.46

7 .6 4
+

.33

8.00
±

.33

7 . 6 4
±

.2 4

7.80
±

.22

7.81
±

.3 8

7 . 4 4
±

.3 4

7 .76
±

.12

8.40
±

. 3 8

7.90
±

,30

8.25
±

. 2 4

7.91
±

.36

8.06
±

.32

7.81
+

.3 8

7 .8 4
±

.33

7.96
±

.21

7.71
±

.3 2

7 .77
±

.31

8 .06
±

.53

7.26
+

.47

7.71
±

.57

7 .49
+

.3 4

7.91
±

.2 9

7 .2 7
+

.33

7 .7 4
±

.32

7.55
±

.39

7 .1 7
±

.31

7 .33
H-

.4 3

8 .0 3
±

.33

7 .7 8

.25

8 .0 2
±

.25

7 .93
±

.41

7.80
±

.3 8

7 .7 7
±

.30

7.70
+

. 2 8

7 .5 8
±

.46

7.56
±

.42

7.70
±

.3 8

7 .1 3
±

.57

6.91
±

.56

7.26
±

.5 8

6 . 8 7
±

.4 4

7.31
±

.40

6 . 8 9
+

.2 7

6 . 9 4
±

.2 7

6 . 9 6
±

.32

6 . 9 3
±

.33

7.29
±

.35

8 . 2 8
±

.46

7 .6 8
±

.32

7 .76
±

.32

7 .32
+

.36

7.83
±

. 3 8

7 . 5 4
±

.3 3

7.50
±

.3 7

7.55
±

.39

7 . 4 8
±

.40

7 .69
±

.4 8

7 .6 3
±

.2 4

7 . 2 8
±

.1 4

7 .55
+

.17

7.31
±

.26

7 .4 4
±

.20

7 .1 6
±

.13

7 .1 6
±

.15

7 .0 6
±

.16

7 . 0 4
±

.30

7 .10
±

. 10



Table 71

Mean w e e k l y  p a c k e d  c e l l  v o lu m e s  (%) o f  t h e  7 g r o u p s  o f  c a l v e s

Weeks
Group 0 1 2 3 4 5 6 7 8 9 10

1
32 .5

±
.8 7

33 .0
±

.81

32 .7
±

.85

34 .0
±

.41

33 .2

. y

3 3 .2
±

.63

3 0 .7

.4 8

32 .7
±

1.03

3 3 .7
±

.95

34 .5
±

1 .04

3 2 .7
±

.85

2
3 1 .7

±
1.31

34 .5
+

.64

32 .0
±

.71

35 .0
±

.41

34>2
±

.25

33 .5
±

.50

3 2 .7
±

.4 8

3 2 .2
±

.4 8

3 4 . 7
±

1.31

34 .2
±

.75

3 2 . 7
±

1.03

3
32 .5

± . 
1 .4 4

32 .2
±

1.55

33 .0
±

1.35

34 .0
±

.71

32 .2
±

.75

32 .0
±

1 .29

3 0 . 7
±

.85

3 1 . 7
±

.4 8

33 .0
±

1 .0 8

33 .0
±

.41

31 .2
±

1 .25  "

4
3 2 .7

±
1.75

34 .2
+

1.25

33 .2
±

.63

3 5 .7
+

1.93

34 .0
±

1.47

32 .5
±

1.32

32 .7
±

1.25

33 .5
±

2.10

36 .5
±

.29

34 .7
±

1.31

34 .0
±

1.73

5
3 0 .7

±
1.70

3 2 .7
+

2.50

33 .2
±

1.93

35 .5
±

.6 4

32 .5
±

1.32

32 .0
±

.71

32 .0
±

1.58

3 4 .2
±

1.31

35 .2
±

.95

33 .0
±

1 .0 8

32 .5
±

.8 7

6
31 .5

±
.64

33.0
±

.82

32 .5
±

1.19

32 .0
±

1 .0 8

33 .0
+

.82

3 1 .2
±

.4 8

3 1 .7
+

.48

31 .5
±

.87

32 .7
±

.4 8

32 .5
±

.95

30 .5
±

.6 4

7
3 1 .7

±
1.11

32 .5
+

.6 4

32 .2
±

.48

33 .2
±

.85

31 .0
±

.91

3 0 .7
±

.4 8

31 .2
±

.4 8

3 2 .7
±

.86

3 2 .7
±

1.55

34 .5
±

1.88

32 .5
+

1.19



dur ing Experiment 3

n 12 13 14 15 16 17 18 19 20

32 .0
f

.41

32 .7
±

.4 8

31 .0
+

.00

30 .0
+

.41

31 .0
±

.41

31 .0
+

.41

3 1 .7
±

. 4 8

32 .7
±

.48

3 0 .7
±

.26

33 .7
±

.85

33 .2
±

1.65

34 .2
±

.75

3 3 .7
±

.75

31 .7
±

1.25

3 2 .7
+

.95

3 1 .7
±

.85

30 .7
+

1.11

34.0
+

.82

30 .5
±

1.32

33 .5
±

1.32

3 1 .7
+

.7 5

31 .2
±

1.03

32 .5
±

1.32

32 .2
±

1.93

33 .0
±

.41

30 .0
±

.71

31 .7
±

.4 8

32 .5
±

.87

30 .0
±

1.29

32 .5
±

1.26

33 .0
±

1 .5 8

34.0
±

1.47

33 .2
±

1.11

33 .2
±

1.65

32 .7
±

1.60

3 2 .7
±

1.75

32 .5
±

1 .04

33 .2
±

1.75

31 .5
±

1.44

33 .5
±

1.66

30 .5
±

1.19

33 .5
±

1.85

3 3 .7
±

2 . 1 4

3 2 .7
±

1.11

34 .5
±

1.87

30 .5
±

.50

3 1 .2
±

.25

32 .0
±

.41

31 .2
±

.25

34 .5
+

1.55

32 .2
±

1.25

32 .2
±

.63

31.0
±

.41

2 .9 0
+

. 5 8

30 .7
±

1.11

3 0 .2
±

1 .03

30 .2
±

.48

31 .0
±

1 .08

2 9 .7
+

1 .44

32 .0
±

1.35

3 1 .7
±

.25

30 .2
±

.95

31.0
±

1 .08

30 .5

. à

3 0 .7
±

.4 8

3 0 . 7
±

1.03

2 9 .7
±

1.11

30 .2
±

1.11

30 .2
±

1.70

31 .5
+

.64



Mean w e e k l y  h a e m o g l o b i n  c o n c e n t r a t i o n s  (gm s /1 0 0  m l . )  o f  t h e  7 g r o u p s

Weeks

Group 0 1 2 3 4 5 6 7 8 9 10

1
12 .8
±

.30

12.5
±

.07

12.3
+

.26

13 .2
±

.19

12 .6
±

.12

12.1
±

.19

12.1
±

.23

12 .7
±

.43

13.1
+

.30

12.5
±

.20

12 .4
8

.2 4

2
11.9
±

.56

12 .4
±

.25

12.0
±

.56

13.2
±

.25

12 .7
+

.13

12.5
±

.29

12.6
+

.11

12.5
±

,2 4

13.0
±

.42

13.1
±

.39

12 .8
±

.43

3
11 .8
+

.48

11.7
±

.72

12 .4
+

.45

12 .7
±

.43

12.1
±

.16

11.5
±

.50

11 .7
±

.25

12.2
±

. 5 4

12 .6
±

.27

12 .7
±

.11

12.0
+

.39

4
12.5

±
.52

12 .4
±

.37

12.5
±

.41

13.0
+

.6 8

12 .7
+

.56

12.1
±

.42

12.6
+

.45

1 2 .8
±

.69

12 .8
±

.40

13 .2
±

.55

12.5
±

. 4 4

5
11.9

±
.7 8

12.2
±

1.06

11.6
±

.69

13.0
±

. 67

12.3
+

.50

12.1
±

.5 7

12 .4
±

,65

13.0
±

.59

13.0
±

.72

13.1
±

.41

12 .8
±

.5 4

6
12,3

±
.53

12.7
±

.49

12.2
+

.39

12.9
+

.4 4

12 .4
±

.27

11 .7
±

.25

12.30
+

.45

11 .9
±

.45

12 .8
±

.32

12.6
±

.42

12.2
±

.3 8

7
12 .4

±
.20

12.3
±

.12

12 .2
±

.12

12 .4
±

.26

12.0
±

.2 7

11 .4
±

.23

11.9
±

.06

12.5
±

.23

12 .9
±

.51

12.6
±

.46

12 .8
±

.41



o f  ca lv e s  dur ing Experiment 3

1 1 12 13 14 15 16 17 18 19 20

12.6
±

.2 8

12.2
±

. 16

12.3
±

.0 8

12.1
±

.06

12.5
+

.09

1 2 .4
±

.07

12 .4
±

.07

12.6
+

. 10

11 .7
±

.1 7

12.9
±

-44

12 .9
±

.35

13 .2

.36

13 .2
+

.16

12.5
±

.20

12 .9
±

.40

12 .6
+

.21

12 .2
±

.26

13.1
±

.35

12.1
±

.50

13.2
±

.23

13.1
±

.66

11.9
+

.7 4

12.3
+

.62

12.0
+

.32

13.0
±

.11

11 .8
+

.27

12 .4
±

.31

12 .4
±

.54

11 .8
±

.4 4

12.5
±

.6 4

12.5
±

.6 8

12.5
±

.45

12.7
±

.43

12.5
±

.5 8

12.9
±

.71

12.6
±

.57

12.5
±

.43

13.1
±

.82

12.3
±

.5 4

12 .8
±

.61

13.3
±

.4 7

12.9
±

. 7 8

12.9
±

.7 2

12.7
±

.51

13 .9
+

.59

12.5
±

.35

12 .4
+

.23

12.9
±

.41

12.2
+

.26

13.3
+

.26

12 .7
+

.50

12 .4
±

.32

12.2
±

.15

11.7
±

.36

13.1
±

.50

12 .2
+

. 5 4

12.2
±

.0 7

12.5
±

.64

12.1
±

.59

12.7
+

.49

12 .2
±

.30

11.9
+

.37

12.1
±

.22

12 .2
4-

. 04

12.5
±

.29

12.0
±

.3 8

11.7
±

.3 8

12.3
±

.30

12 .2
±

.62

12 .3
+

.21



Table 73

M e a n  w e e k l y  m e a n  c o r p s u c u l a r  v o l u m e s  ( c u . m i c r o n s )  o f  t h e  ~] g r o u p s
W e e k s

Group 0 1 2 3 4 5 6 7 8 9 10

37 .9  40..6 38 .3 37 .6 4 1 . 4 38 .3 37 .7  38.1 3 9 . 4  4 2 .0  4 0 .0
1 ± ± ± ± ± ± ± ± ± ± ±

.85 .53 .70 .52 .8 4 .83 1.02  1.12 1 .2 4  1 .4 6  1 .44

2
3 8 . 4

+
1.10

4 3 .0
±

.95

3 9 .7
±

.34

4 0 . 2
+

.79

4 1 . 9
±

.41

4 0 .0
±

.83

3 7 . 8
+

. 9 4

38 .2
±

. 9 4

4 0 . 3
+

.31

4 1 .0
±

1.05

39 .2
±

1 .58

3
4 1 .5

±
1,69

4 3 . 2
±

1.35

4 0 .6
±

.79

4 2 . 5
±

2 .00

4 1 . 4
-f-

.56

4 2 . 2
±

1.42

38 .7
±

2 . 2 4

4 0 . 3
±

1.27

4 1 .9
±

2 .00

4 3 . 2
±

2 .0 3

4 0 . 8
±

2 .5 6

4
4 0 .5

±
2 .6 6

4 3 . 4
±

1.60

4 0 .3
±

1.64

4 2 ,5
±

.62

4 2 .9
±

.50

4 0 .9
±

.70

39 .6
±

1.00

39.1
±

.51

44.1
±

1.29

42.1
±

1.60

4 2 .0
±

1.27

5
37 .0

±
.91

44.1
±

1.56

4 5 .0
±

.95

4 7 . 3
±

1.69

4 6 . 3
±

. 9 4

4 4 . 0
±

.69

4 4 . 2
±

1.53

4 6 . 8
±

.63

4 7 .6
+

1.22

4 6 . 7
±

2 . 1 4

4 5 . 3
±

1.30

6
38 .0

4-

.87

39 .6
±

1.60

39 .0
±

2 . 2 4

38.1
±

1.75

4 1 . 4

1.97

39 .6
±

2.05

4 0 . 4
±

1.89

4 0 .0
+

2 .0 2

3 9 .7
±

2 . 1 4

4 1 .0
±

2 .7 6

3 8 .8
+

1.51

7
39 .5

±
1.55

4 1 . 4
+

1.12

4 0 . 7
±

1.47

43.1
±

1.93

41.1
±

1.49

4 0 . 4
±

.74

4 0 .5
+

1 ,29

4 0 . 3
±

1.76

39 .9
±

1.42

4 3 . 6
±

1.99

4 0 .0
±

1.53



o f  c a lv es  dur ing Experiment 3

1 1 12 13 14 15 16 17 18 19 20

38J6
i

.82

4 2 . 5
±

1.83

3 9 .2
±

2 . 3 7

3 9 .4
±

1 .3 3

3 8 . 8
±

1.29

4 0 . 7
±

1.31

4 0 . 8
±

1.81

4 2 . 2
+

1.71

4 1 . 9
±

1 .67

4 3 . 5
+

1.74

39 .5
±

.59

4 3 . 4
±

1 .36

4 0 . 9
±

1.02

4 0 . 2
±

1 .44

4 0 . 7
±

1.16

4 0 . 8
±

1.29

3 9 .2
+

.25

4 2 . 8
±

1.36

3 9 . 8
±

1.55

43.1
±

.4 3

3 9 .7
±

1.69

4 3 . 2
+

1.72

4 2 .5
±

1.53

5 3 . 2
±

2 .8 9

4 1 . 8
±

1 .46

4 1 . 4
±

1 . 0 4

4 1 . 2
±

1.61

4 3 .3
+

1 .6 8

4 2 . 8
±

.97

4 4 . 4
4-

1.11

4 1 .0
±

.45

4 3 . 6
±

.50

4 1 . 5
±

1.32

4 2 .0
±

.8 4

4 2 . 0
±

1 .12

4 2 .0
±

1 .07

4 2 . 2
±

1 .1 7

4 3 .9
±

.70

4 3 .5
±

1.77

4 3 .5
±

1 .18

4 3 . 3
±

2 .4 4

4 8 . 7
±

1.32

4 6 . 6
+

.91

4 7 . 9
±

1.74

4 7 . 4
±

1.69

4 4 . 4
±

1.13

4 5 . 2
±

1.30

4 5 .5
+

2 .0 5

4 5 . 7
±

1.90

4 4 . 9
±

2 . 0 4

3 9 .3
±

2 .7 6

4 2 . 2
±

2 .16

40.1
±

1.26

3 9 .8
±

1.89

39 .6
+

2 .5 9

4 0 . 2
±

1.63

3 9 .9
±

2 .3 8

4 1 . 2
±

1.26

39 .7
±

2.60

4 2 .0
±

2 . 7 4

4 1 . 7
±

1.42

4 1 .6  
± 

1.30

41 .1
±

1.52

4 1 . 7
±

1.46

4 1 . 4
±

1.12

4 2 . 9
+

1.01

4 1 .5
±

1.02

4 0 .3
±

2 .35

43 .1
±

1.53

4 6 . 2
±

1.36



T a b l e  74

M e a n  w e e k l y  m e a n  c o r p u s c u l a r  h a e m o g l o b i n  c o n c e n t r a t i o n s  ( % )  o f
W e e k s

Group 0 1 2 3 4 5 6 7 8 9 10

1
3 9 .6

±
.86

38 .0
±

.75

37 .6
+

. 3 8

39.0
±

.73

37 .9
±

. 84

3 7 . 7
±

.27

39 .3
±

.62

3 8 . 8
±

.90

38 .9
±

.85

36 .0
±

. 9 8

36 .6
±

1 .49

2
37 .6

±
.33

36 .0
±

.30

3 7 .4
±

.97

37 .7
+

.58

37 .2
±

.29

37 .5
±

1.20

38 .5
+

.77

3 8 .8
±

.53

37 .5
±

.55

38.1
±

.59

39 .0
±

.30

3
36 .2

±
.40

36 .2
±

1.10

37 .6
±

.6 4

37 .5
+

.75

3 7 .6
+

.5 7

36.1
+

.4 7

38 .3
+

1.17

38 .6
4-

.53

38 .2
±

1.03

38 .5
±

.40

38 .5
±

, .60

4
38 .3

±
.71

3 6 .4
±

.76

3 7 .8
±

1 .18

3 6 .4
±

.15

37 .3
±

.3 7

37.1
±

.39

3 8 .4
±

.7 2

3 8 . 4
±

.47

35 .2
±

1 .1 7

38 .2
±

1.19

3 6 .9
±

.92

5
38.1

+
.27

37 .2
±

.52

35 .0
±

1 .2 8

36 .5
±

1.45

3 7 .9
±

.31

37 .7
±

. 7 8

3 8 .7
4-

. 77

3 7 . 8
±

.30

36 .9
±

1.06

39 .9
4-

2 . 1 7

39 .5
±

1.15

6
39 .0

+
1.09

38 .6
±

1.29

38.0
±

.99

4 0 . 7
±

2 .6 9

3 7 .7
±

.41

37 .5
+

. 3 7

38 .7
±

.85

3 7 .8
+

.4 7

39 .0
±

1.07

39 .0
+

.60

3 9 .9
±

.85

7
39.1

4"
.90

37 .9
+

.40

37 .9
+

.76

37 .3
±

.43

38 .6
±

.59

37 .0
±

.26

38 .2
4-

.45

38.1
±

.7 3

39 .3
±

.69

36 .6
±

1 .17

3 9 .6
±

1.02



th e  7 groups o f  ca lves during Experiment 3

n 12 13 14 15 16 17 18 19 20

39 .3
+

.73

37 .2
±

.9 8

39 .6
±

. 2 8

4 0 . 2
±

.4 4

4 0 .5
±

.31

40 .1
+

.35

39.1
±

.49

38 .6
±

1 .34

37 .9
+

.59

38 .2
±

.63

38 .9
±

.81

38 .5
±

.43

39 .2
+

. 47

4 0 .3
±

1 .04

3 9 .4
+

. 4 7

3 9 .9
±

.53

40 .1
±

1.26

38 .7
±

.7 8

39 .6
±

. 4 8

3 9 .5
±

.91

41 .1
+

1.52

38 .0
±

1.29

3 7 .9
±

.42

37 .5
±

1.86

3 9 .4
±

.35

39 .5
+

. 5 4

39 .0
±

. 5 4

38 .2
±

. 74

39.1
+

.36

38 .3
±

.70

37 .9
±

. 69

3 6 .8
±

.69

3 8 .3
±

.53

3 7 .7
±

.22

39 .3
±

.49

38 .6
±

. 7 4

38 .5
4-

.42

3 9 .4
±

.67

3 7 .7
±

.80

3 8 .4
±

.36

4 0 . 9
±

2 .0 7

38 .6
±

.32

38 .2
±

.49

3 8 .7
+

.52

4 0 . 2
+

.75

4 1 . 0
±

.51

3 9 .7
±

.99

4 0 . 4
±

1.75

38 .9
+

.4 8

38 .7
±

1.16

3 9 . 4
±

. 2 4

37 .3
+

1.52

39 .5
±

.4 7

4 0 . 4
±

.67

4 2 .5
±

.63

4 0 . 2
±

.8 4

4 0 . 4
±

.92

4 0 . 4
±

1.15

41.1
±

. 2 7

3 9 .7
+

.31

4 0 .0
±

1.62

3 9 . 4
±

.49

39 .0
±

1.16

4 0 .0
+

.79

4 0 . 7
±

.83

39 .0
+

.4 8

39 .6
±

.58

4 0 .6
±

.90

4 0 . 2
±

.5 8

39 .2
+

.97



T a b l e  75

Mean se rum a l b u m i n  l e v e l  ( g m s /1 0 0  m l . )  o f  t h e  ~] g r o u p s  o f  c a l v e s

d u r i n g  E x p e r i m e n t  3.
Weeks

Group 0 2 4 6 8 10 12 14 16 18 20

2 .2 6  2.31 2 .25 2 .2 6 2 . 0 8 2 .02 1.93 2 .0 2 1.99 1 .9 7  1 .9 4
1 ± ± ± ± ± ± ± ± ± ± ±

.09  .06 .00 .03 . 0 8 .09 .05 .50 .03 . 04  .0 4

2
2 . 2 3

+
.12

2.11
±

. 16

2 .0 3
±

.0 4

2 .1 6
±

.06

1 .97
±

.07

1.95
±

.06

2 .10
±

.05

2 .05
±

. 1 4

2 .1 3
±

.11

1 .9 8
±

.0 8

1.98
4-

. 0 4

3
2 .4 2

+
.11

2 .3 7
±

. 16

1.86
±

.07

1.91

.^9

2 .0 6
4-

.0 3

1.96
±

,06

1.93
+

.06

2 .0 7
±

.07

2 .1 3
±

.07

1.90
±

.05

2 . 1 4
±

.06

4
2 . 3 8

±
.10

2.70
±

. 14

2 .0 9
+

.09

2 .06
±

.15

2 . 0 9
+

.16

2 .0 3
±

.15

1.92
±

.03

1 .9 8
±

.0 4

2 .12
+

.0 8

2 .1 3
4-

.10

2 . 1 8
±

.19

5
2.21

±
.13

2.41
±

. 14

2 .1 7
±

.1 2

2 .15
4-

.11

2 .0 6
±

.05

1.96
±

.09

1.83
±

.12

2 .1 3
4-

.03

2.31
±

,22

2 .1 3
4-

. 04

2 .2 2
±

.05

6
2 .25

±
.17

2 . 5 4
±

.0 8

1 .9 8
4-

.07

1.99
±

.11

2 .06
±

.13

2 .02
±

.06

1.99
4-

.11

1.91
±

.07

1.96
±

.03

2 .0 3
±

.09

2 .2 9
±

.18

7
2 .1 7

±
.06

2 .5 3
±

.20

2 .0 9
±

.13

2 .15
4-

. 0 9

2.20
4-

. 0 4

2 .15
±

.13

2 . 0 4
±

.0 7

1 .89
4-

.05

2 ,0 7
±

.09

2.11
4-

.05

2 .0 2
4-

.0 7



T a b l e  76

Mean t o t a l  serum g l o b u l i n  l e v e l  (gms/100 m l . )  o f  the  7 groups o f  

c a lv e s  dur ing Experiment 3.

Weeks

Group 0 2 4 6 8 10 12 14 16 18 20

4 .5 6  4 . 2 4  4 . 2 8  3 .9 7  4 . 5 2  4 . 5 8  4 .3 0  4 . 8 8  4 . 5 3  4.91 4 . 9 5
1 ± ± ± ± ± ± ± ± ± ± ±  

.80 . 1 4  . 22 .11 . 1 4  . 09 . 21 .06  . 1 4  . 05 .15

2
3 . 9 8

±
.20

4 . 1 4
±

.1 7

4 . 3 6
±

.16

4 , 4 4
±

. 16

4 . 6 0
±

.15

4 . 5 2
+

.33

4 .2 5
±

.23

4.31
±

.20

4 .5 9
±

.07

4.81
±

. 2 8

4 . 9 2
±

.22

3
3 .7 7

+
.12

4 . 1 6  
+ 

.11

4 . 4 2
±

.16

4 . 3 6
±

.10

4 . 3 7
±

. 17

4 , 4 5
±

. 17

4.51
±

.20

4 . 3 7
±

.22

4 . 5 8
±

.19

3.66
+

.15

4 . 5 2
+

.13

4
3 .5 3

±
.1 4

3.55
±

.1 4

4 . 0 8
±

.04

4 . 0 7
+

.04

3 .6 2
+

.23

3 .8 4
±

.22

4 . 2 4
±

.0 7

4 . 2 4
±

-09

4.11
±

.15

4 . 1 4
±

.09

4 . 1 3
±

.0 8

5
4 .1 0

+
.2 4

4.11
±

.29

4 . 0 9
+

.1 7

4 . 3 6
±. 11

4 . 2 5
±

.1 4

4 . 2 2
+

.18

4 . 4 2
±

.19

4 . 3 0
±

.11

4 . 5 7
±

.22

4 . 4 2
+

.11

4 . 3 2
±

.19

6
3 .73

+
.17

3 . 7 8
+

.27

4 . 2 7
+

. 1 4

4 . 1 6
+

.15

4 . 0 7
4-

.11

4 . 5 3
±

.07

4 .2 6
±

. 0 7

4 .7 0
±

.15

4.71
±

.19

4 . 5 8
•4-

. 1 8

4 . 3 8
±

. 1 4

7
4 .0 5

±
.23

3 .7 9
±

.21

3 .96
±

.12

4 . 2 2
±

. 0 8

4 . 3 2
±

.05

4 .2 6
+

.03

4 .4 5
±

.0 4

4 . 2 6
±

.13

4 .5 9
±

.19

4 .5 3
±

.13

4 . 6 6
±

. 1 4



T a b l e  77

Mean w e e k l y  se rum g l u t a m a t e  o x a l o a c e t i c  t r a n s a m i n a s e  l e v e l s

Weeks

Group 0 1 2 3 4 5 6 7 8 9  10

74 .2  81 .5  6 8 . 7  126.0  88 .0  105.0  7 7 .7  6 4 . 7  101.0  9 1 . 2  9 6 . 2
1 ± ± ± ± ± ± ± ± ± ± ±

5 . 8  5 . 4  6 . 4  2 1 .7  13 .4  17 .4  5 . 0  1.9  9 . 3  9 . 9  3 .6

2
71 .2

±
7.73

82 .5  
+

10.6

76.5
4-

4 . 8

112.0
+

22 .3

78 .5
±

5 . 7

110.0
±

16 .7

86 .0
+

9 . 3

69 .0
±

.32

9 0 . 7
±

3 .6

76 .5
±

3 . 7

8 2 .7
±

14.0

3
6 2 . 7 '

±
.75

76 .2
±

1.9

72 .0
±

5 . 0

103 .2
±

9 . 8

82 .2
±

6 . 5

9 3 .2
±

8.6

75 .5
±

3 . 7

71 .7
±

1 .9

9 9 .2
±

16.3

72.0
±

5 . 8

87 .7
±

13.9

4
75

±
4 . 4 9

74 .7
±

7 .0

70 .0
±

5 . 0

115.7
±

18.3

77 .7
±

5 . 4

83 .5
±

6 . 9

93 .5
+

12.1

9 1 .7
+

7 . 9

106.7
±

21 .5

93 .2

, f . 7

9 7 . 7
±

9 . 7

5
84 .2

±
9 . 3

78 .5
±

4 . 5

70.0
±

3 .6

88 .2
±

6 . 6

81 .7
±

12 .4

76 .5
±

5 . 2

78 .7
±

5 . 9

78 .0  
+

5 . 0

81 .5
±

4 . 6

87 .2
±

7 . 8

89 .5
±

13.3

6
72 .2

+
4 . 5

6 6 ,2
+

3.1

6 . 7 2
±

7 .5

84 .2
±

3 . 7

6 9 . 7
±

3 . 8

80 .2
+

6 . 3

77.0
±

6 . 5

84 .7
±

19 .7

83 .0
±

7 .5

83 .5
±

4 . 9

76 .0
±

6 . 7

7
6 6 . 7  

± 
2 . 8

6 4 .2
±

2 .6

6 9 .0
±

6 . 4

6 8 . 7
+

3 .9

6 7 . 7
±

4 . 7

80 .7
±

14 .6

77 .5
±

10.0

6 3 . 2
±

3 .5

72.0
±

2 . 2

74 .7
±

6 . 3

72 .2
±

1 .6



( S - F  u n i t s )  o f  t h e  7 g r o u p s  o f  c a l v e s  d u r i n g  E x p e r i m e n t  3.

11 12 13 14 15 16 17 18 19 20

8 8 .7
±

1 .7

76 .5
+

5 , 2

91 .5
±

9 . 0

9 1 .0
±

13 .2

120.0
±

19 .4

105 .7
±

18 .9

116.0
±

16 .8

9 1 .7
±

4 . 8

113.7
+

5 . 5

9 5 .5
±

12 .2

8 7 . 7
±

2 3 .9

84 .7
4-

5.1

82 .0
±

7 .2

9 0 .2
±

7 .3

122.7
i

2 7 .9

9 5 .0
+

8 . 6

89.0
+

10.3

9 0 .2
±

11.5

9 3 . 2
±

10 .4

101.0
±

14.5

103.0
+

12.0

83.0
±

8.1

74.5
+

3.1

83.0

6 : 9

107.5
±

23 .3

79 .5
+

3 . 4

87 .5
±

4 . 9

79 .7
±

7.2

87 .0
±

1 .7

79 .5
±

1 . 8

105.0
±

12.0

9 4 . 7
±

6.1

72 .2
+

.75

87 .7
±

5 . 8

88 .5
±

6 . 0

80 .0
±

5 . 2

83 .5
±

9 . 6

76 .7
±

6 . 3

78 .7
±

9 . 4

89 .7
±

9.1

8.15
±

5 . 4

103.7
±

8 .7

84 .0
+

4 . 8

97 .0  
±

7.0

83 .0
±

.49

7 4 .7
±

7 .6

73 .7
±

4 . 3

71.0
+

3.5

78 .0
4-

5 . 5

74 .5
±

10.5

8 1 .2
±

6 . 0

88.0
±

16.0

77.0
+

7 .7

78 .7
i

1 0 .8

76.0

8 7 ,

71 .2
+

5.1

73.0  
±

10.1

72 .5
±

7 .4

78 .0
±

4 . 7

70 .2
+

4 . 3

74 .0
+

4 . 6

72 .2
±

3 .6

78.0

. 7 9

77 .7
+

4 . 3

86 .0
+

7.0

100 .7
+

7 .3

9 8 .2
±

12.3

108.5
±

10.2

9 3 . 7
4-

7 .5

113 .7
±

27 .5



T a b l e  78

I n d i v i d u a l  f l u k e  b u r d e n s  r e c o v e r e d  f r o m  e a c h  c a l f  i n  E x p e r i m e n t  3.

Group C a l f  No. FIukes recovered
>12 6 -1 2 <  6 Tota 1

1 16 26 2 44

1
2 19 12 5 36

3 20 29 3 52

4 18 44 8 70

5 15 26 3 44

6 3 3 1 7
2

7 25 51 4 80

8 19 57 11 86

9 13 2 - 15

10 19 10 - 29
3 11 2 14 2 18

12 21 8 2 31

13 3 1 4 8

14 7 12 8 27
4

15 - 15 3 18

16 2 8 9 19

17 - - - -

18 18 3 - 21
5 19 11 6 - 17

20 3 1 - u

21 7 4 - 11

22 4 2 - 5
6

23 2 - - 2

24 14 — — 14

25 26 58 4 88

26 41 54 9 104
7 27 17 22 5 44

28 11 47 6 64



T a b l e  79

I n d iv id u a l  e r y t h r o c y t e  counts (mi 11 io n s /cu .m m ,) o f  ca lves  during  

c a l f  weeks
No. 0 1 2 3 4 5 6 7 8 9 TO

1 8 .5 3 8 . 5 8 9.21 9 .3 6 8.45 8.91 8 .4 4 8 .93 9 . 2 6 7 .4 4 8 .6 6

2 8.71 8 .2 8 .4 2 9 .1 5 7.95 8 .23 7.81 9 .66 8 .52 8 .66 8 .16

3 8 .4 2 7 .4 7 7 . 7 8 .5 2 7 .3 7 . 8 7 .63 7 .26 7 . 2 8 6 . 9 9 7 .0 8

4 8 .5 9 8.31 8.91 9 . 1 8 8 . 4 4 8 .7 7 8 .7 4 8.65 9.41 8 .93 9

5 8 .5 2 7 .7 9 8 .3 4 8 .6 2 8 .3 2 8 .2 4 9 . 0 4 8 .6 9 .0 6 8.1 8.51

6 8 .2 7 8 .29 7 . 5 8 / 8.95 8 .1 2 8 .53 8 .69 8.15 8 .12 8 .1 9 7 .93

7 7 .9 2 7 .9 8.19 8 . 6 7 .9 3 8.75 9 . 0 2 8 .8 9 9 .1 9 9.21 9 . 5 5

8 8 . 3 8 .12 8.10 8 .63 8 .36 7.96 7 .99 8.11 8 .1 2 7.96 7.53

9 7 . 8 6 . 3 8 .1 7 6 . 6 3 7 .46 7.0 7 .56 7 . 2 8 7 . 4 7.55 7.31

10 8 .3 8 . 5 8 8 .82 8 .7 7 8.15 8 .6 8 .53 8 .3 7 8.41 8.21 8 .7 3

11 8.12 8 .16 8 .6 9 8.96 8 . 3 8 8 .4 6 8 .92 8 . 6 7 8 .86 8 .42 8.75

12 7.12 8.96 6.91 7 .8 7 7 .22 6 .4 5 6 . 9 9 7 .2 8 7.16 6 . 5 9 6 .19

13 7.75 7.19 7.51 7 . 6 4 7.1 7.15 8 . 0 4 7.35 8 .0 4 7 .52 7 .5 3

14 8 .6 6 8 .2 9 8.85 9 . 0 8 8 .6 9 8 . 5 8 9 .0 6 9 .7 7 8 .5 2 8 .92 8.75

15 8 .2 3 7 .7 2 7 .93 7 .7 7 7 .4 7 7 .59 7 . 4 4 8 .19 7 .83 7 .99 7.71

16 7.72 8.45 8 .8 9 9 . 1 2 8.65 8.46 8 .5 8 8 .93 8.91 8 .63 8 .3 6

17 8 .3 7 .2 7 .32 7.11 6 . 5 9 7.02 6 . 8 6 . 5 8 6 . 7 4 6 . 6 5 6 . 9 8

18 8.96 8.91 8 .4 4 8.55 7.55 7 .99 8 . 2 8.25 8 .53 7 .67 8 .2 3

19 8.31 7.1 7 .3 8 7 .6 4 8 .3 2 7 .16 7 .2 7 7 .2 7 7 . 1 8 7.19 7 .3

20 7.55 6 . 4 2 6 . 3 9 6 . 8 8 6 . 5 9 6 . 9 4 6 . 7 3 7 . 2 7 .2 7 6 . 8 3 6 . 5 3

21 8.41 8.1 7 .9 3 8 .3 7 8.11 7.55 8 .03 7 .7 7 8 .1 3 7 .6 7 7.62

22 7 .8 3 7 .6 8 .0 2 7 .7 4 6.71 6 .8 5 7 .42 7 .2 7 .42 6 . 7 8 7 .36

23 8 .3 9 8.91 8 .9 3 9 .0 6 8 .6 2 8 .39 7 . 2 8 8 .3 7 8 .53 8 .39 8.11

24 8.55 8.85 8 .5 9 8 .7 9 8 .6 7 9 . 3 4 8 .86 8 .32 9 . 1 5 8 .93 8 .4 2

25 8 .3 8.01 7.81 7 .7 3 7.51 7.83 7 .4 8 8 .2 3 8 . 5 8 8 .23 8 .7 4

26 7 .53 7 .7 4 8.11 8 .19 8 .02 7.71 7 .73 8 .13 8.05 8 .16 8 .1 6

27 8 .65 8 .1 4 8 .3 6 7 .6 7 .2 4 7.55 8 .17 8.71 8.75 7 .72 8 .3 6

28 7.71 7 .5 7 .49 7 .3 7 .42 7 .33 7 .52 7 .4 8 7 . 4 8 7 .56 7.31



E x p e r i m e n t  3

11 12 13 14 15 16 17 18 19 20

8. 38 8 .19 9 .0 6 8. 17 8.56 7 .9 7 8. 05 8 .63 8.11 8 .0 8

8. 19 7 .5 6 7.91 7. 65 8 7 . 2 8 7. 68 7.87 7 .79 7 .6 8

7. 63 6.91 6 . 8 6 . 72 7 . 0 8 7 .19 7 . 23 6 . 8 6 . 5 4 7 .49

8. 98 8 .2 9 8 .1 6 8. 04 8 .3 8 8 . 1 2 8. 25 7 .93 7.31 7.81

8. 15 7.81 7 . 8 8. 56 7.81 7 .4 3 7 . 36 7 .96 7 .7 7 7 .42

8. 2 7 .46 8 .1 6 7. 83 7 .53 7 .65 7. 53 7 . 8 6.91 7.31

9. 51 8 .77 8 .93 8. 93 8 .9 7 8 .93 8. 81 8 .5 3 8 .46 8 .69

7. 75 7 .5 8 8.11 7. 31 7 .9 2 7 .2 2 7 . 68 7.56 7.71 7 .6 8

2. 52 6 . 6 9 7 .43 7. 43 8 .15 7 .3 9 7. 91 7.42 7.15 7 . 6

8. 63 8 .0 2 8 . 4 8 7. 62 7.81 7 . 2 4 8. 12 8 .16 7 .6 8 .02

9. 22 8.1 8 . 7 8. 24 8.51 8 .0 3 8. 15 8.11 7 .63 7 .62

6. 89 6 . 2 2 6 .2 2 6. 63 7 .16 6 , 4 2 . 6. 78 6 . 5 6 . 3 6 . 0 8

7. 48 7 .3 8 7 . 2 8 6 . 71 6 . 8 4 7 .2 4 7. 04 6 .4 6 6 . 6 8 6 . 7 2

8. 78 8 .2 5 8 .3 8 8. 48 8 .19 8 .2 7 8. 25 8 .6 9 8.1 8 . 6

7. 49 7.31 8 .15 8. 21 7 .6 7 .26 7. 45 7 .4 7 7 .02 7 . 6 8

8. 39 8 .1 9 8 .2 7 8. 32 8 .5 9 8 .3 4 8. 08 7 .72 8 .4 4 7.81

7. 05 6.41 6.31 6 . 32 6 . 5 4 6 .36 6. 35 6 . 2 8 6 . 2 7 6 . 7 8

8. 58 8 .6 8 .93 8. 15 8 .4 2 7 .6 4 7 . 63 7.83 7 .7 3 8 .2 3

7. 11 6 .2 5 7 .1 8 6. 25 7.31 6 . 6 6 6. 76 6 .8 3 6 . 5 2 6 . 7 2

8. 77 6 . 2 6 . 6 4 6. 77 6 . 9 8 6.91 7 . 04 6.91 7 .2 7.43

8. 37 7 .52 7 .36 6. 83 7 .7 2 7 .55 6. 85 7.63 7 .3 5 7 .7 7

6. 99 6 .8 5 7 .0 8 6. 64 6 . 8 3 6 . 6 5 6. 88 6 . 4 4 6 . 3 8 6.41

8. 66 8 .2 4 8 .2 8. 21 8 .5 9 8.21 8. 78 8 8 .0 7 8 .73

9. 12 8.1 8 .42 7. 62 8 . 2 7 .7 6 8. 11 8.15 8.11 7 .8 4

7. 33 7.42 7 .6 7 7 .26 7.35 7 . 44 7 .07 7.81 6 . 9 9

7. 8 7.0 7 . 2 4 7. 44 8 .0 3 9 . 4 2 7. 33 7 .4 8 6 . 3 4 7 .36

8. 23 7 .6 8 .0 8. 59 7.31 6 . 8 8 7 . 11 6 . 6 8 6 .9 5 7 .27

7. 16 7.11 7 .36 7. 22 7 .1 5 6 . 9 8 6. 77 7 .02 7 .05 6 .9 5



T a b l e  80

I n d i v i d u a l  p a c k e d  c e l l  v o lu m e s  (%) o f  c a l v e s  d u r i n g

C a l f
No. 0 1 2 3 4 5 6 7 8 9 10

Weeks

11

1 32 34 35 34 34 32 30 33 35 34 32 32

2 35 34 32 34 33 32 31 35 34 37 33 32

3 32 31 31 33 32 31 30 30 31 32 31 31

4 31 33 33 35 34 34 32 33 35 35 35 33

5 34 35 30 35 34 33 34 33 37 33 33 33

6 32 34 30 34 34 35 33 31 32 33 30 31

7 28 33 32 35 34 33 32 32 37 36 35 38

8 33 36 30 36 35 33 32 33 33 35 33 31

9 29 38 34 32 31 31 33 31 30 33 32 31

10 36 34 34 35 33 35 30 32 35 34 34 33

11 33 35 35 35 34 33 31 33 33 33 31 33

12 32 32 29 34 31 29 29 31 34 32 28 30

13 31 34 33 33 31 30 34 29 37 35 33 30

14 34 37 32 38 37 36 34 38 36 37 39 37

15 29 31 33 32 32 31 29 31 36 31 31 31

16 37 35 35 40 36 33 34 36 37 36 33 34

17 31 34 35 35 32 32 33 32 34 32 32 32

18 34 38 37 36 35 34 36 38 38 31 35 31

19 32 33 33 37 34 31 30 34 34 36 32 32

20 26 26 28 34 29 31 29 33 35 33 31 27

21 33 33 33 29 35 32 33 34 32 35 32 35

22 31 33 34 32 31 30 32 31 34 31 30 32

23 30 32 29 33 33 31 31 30 32 32 29 29

24 32 34 34 34 33 32 31 31 33 31 31 33

25 31 34 33 34 31 32 32 35 37 39 36 32

26 29 33 31 35 29 30 30 31 30 34 31 31

27 33 31 32 31 33 30 31 32 33 30 31 32

28 34 32 33 33 34 31 32 33 31 35 32 32



E x p e r i m e n t  3

12 13 14 15 16 17 18 19 20

32 31 31 31 30 31 34 31 32

34 31 30 31 31 32 33 31 33

32 31 29 30 31 33 32 30 36

33 31 30 32 32 31 32 31 34

35 33 31 33 32 29 36 33 32

32 32 29 30 30 30 32 27 31

35 35 35 34 34 34 34 30 37

35 35 32 34 31 30 34 32 34

29 32 31 33 31 32 32 29 33

33 34 38 32 30 33 35 33 35

33 35 30 34 31 31 32 31 33

30 29 30 33 28 31 31 27 29

32 32 29 30 31 32 29 29 31

37 36 37 36 37 35 37 34 38

31 31 33 30 29 30 32 29 31

36 34 34 35 34 33 35 34 34

31 31 32 34 30 31 33 31 34

39 40 36 37 32 31 31 32 39

32 33 32 34 30 31 32 31 33

32 31 31 33 30 32 32 31 32

34 31 30 34 33 29 33 34 36

32 30 28 30 28 31 28 28 30

32 31 30 29 30 30 31 28 31

31 32 28 30 30 31 31 29 31

33 34 31 32 33 33 31 35 32

29 29 29 31 31 29 33 29 30

29 30 30 30 28 29 29 27 31

30 31 32 30 31 28 28 30 33



T a b l e  81

I n d i v i d u a l  h a e m o g l o b i n  c o n c e n t r a t i o n s  ( g m s / l O O m l . )  o f  c a l v e s

C a l f
No. 0 1 2 3 4 5 6 7 8

Weeks

9 10

1 12.9 12 .7 13.1 12 .7 12 .4 12.3 11 .8 12 .4 12 .9 12.0 12.3

2 13 .2 12 .4 12.0 13.3 12 .4 12.0 11 .7 14.0 13.0 12.9 12.1

3 13 .3 12 ,4 12.0 13 .5 12 .9 11 .7 12 .2 12 .2 12.6 12 .4 12.1

4 12,0 12.6 12.2 13.5 12.6 12.6 12 .7 12.2 14.0 12 .7 13.1

5 12 .7 12.3 12 .7 12 .6 12.9 12.0 12.6 1 2 .4 1 3 .8 12.9 1 2 .7

6 12.2 1 2 .4 10.5 13.1 1 2 .4 12.2 12 .3 11.9 11 .9 12.2 11 .8

7 10.3 11.9 1 1 .8 13.3 12 .7 12.7 12.7 12 .8 13.5 14.1 13.9

8 12.6 13.1 13.0 13 .8 13.0 13 .3 1 2 .8 13.0 12.9 13.1 12 .7

9 1 0 .8 9 . 9 12.9 11 .7 11 .8 11.6 11.6 12 .2 12.3 12.5 12.1

10 13.0 13 .4 13.1 13 .8 12.5 12 .6 12 .2 12 .6 13 .4 13.0 12 .7

11 12.0 12.0 12.5 12 .6 12.2 1 1 .8 12.1 12 .7 12.3 12 .6 12 .4

12 11 .3 11.5 11.1 12.9 11 .9 10.2 11.1 11.5 12 .3 12 .7 10.9

13 12.0 11 .8 11 .8 12 .2 11.35 11.1 1 2 .4 11 .4 1 2 .4 12 .2 11.9

14 13 .4 13 .4 13.1 1 3 .8 13.6 13.0 13.5 14.5 1 3 .8 14.6 13.6

15 11 .3 11.9 11.9 11 .6 12.2 11.7 1 1 .4 12.1 12.0 12.5 11 .7

16 1 3 .4 12 .7 1 3 .4 14 .5 13.6 12.5 13.0 13 .4 13.2 1 3 .7 12.9

17 11.9 12 .4 12 .2 12 .9 12 .4 11.9 12.1 12.1 12.3 12.5 12.9

18 13.5 14 ,7 12.0 1 4 .4 13.1 13 .8 14.2 14 .7 15 .2 14 .3 13 .8

19 12 .4 12 .3 12 .7 13.5 12.9 11.9 12.1 12 .8 12 .4 13.0 13 .4

20 9 . 8 9 . 5 9 . 6 11.2 10 .9 11.1 11.1 12.3 12.3 12.6 11.3

21 13 .4 13.9 12.9 1 3 .8 13 .2 12 .3 13.6 13 .2 13.5 1 3 .8 12 .7

22 12 .7 12.7 12.9 13.6 12.0 11.1 12.2 11 .9 13.0 12 .3 12 .7

23 10.9 11.5 11 .3 12.1 12.1 11 .7 11 .8 11 .2 12.0 11 .9 11.1

24 12.2 12.9 11.9 12 .3 1 2 .4 1 1 .8 11.6 11 .4 12.6 12.3 12.2

25 12.5 12.6 12.3 1 2 .8 12 .4 12.0 12.1 13.0 14.0 13 .7 13.9

26 11 .8 12 .3 12.2 12 .9 12.1 11.2 11 .8 12.1 12.0 13.0 12.9

27 12 .7 12.0 12.5 11.9 11 .2 10.9 11.9 12 .7 13 .4 11 .7 12 .7

28 12.5 12.3 11.9 12.0 12 .2 11.5 11 .9 12.1 12.0 12.0 11.9



d u r i n g  E x p e r i m e n t  3

11 12 13 14 15 16 17 18 19 20

12.1 12,1 12.2 12.1 12.7 12 .2 12.4 12.9 11 .7 11 .7

12.3 11 .8 12.5 12 .2 12.5 12.5 12.3 12.6 12.2 13.1

12 .6 12.6 12.3 11.9 12.3 12.5 12.6 12.6 11 .4 13 .8

13 .4 12.2 12.1 12.1 12 .7 12.5 12.3 12 .4 11 .7 13.0

12.9 13 .2 12 .9 12 .6 13.2 12 .9 12 .4 14.1 13.0 13.1

12.3 12.2 13.0 12.3 1 1 .8 12 .3 11.5 12.9 10 .7 12.6

13.9 13.9 13.5 13.1 13 .7 13.1 12 .7 13.1 12.3 13 .7

12.5 13.5 13.5 12 .2 13.0 12 .3 12 .4 12 .4 12.5 13 .4

13 .4 10.5 12.0 11.6 13.2 11 .8 12.1 12.1 11.5 12.6

14.6 13 .8 13 .2 12.5 1 2 .8 12 .2 13.3 13 .8 12.9 14.1

12.9 12.3 13 .4 12 .6 13.2 12.3 12.2 12.6 11.9 12.2

11 .4 11.0 10.7 11.3 12 .8 11.1 11.9 11.2 10 .8 11.0

11 .8 12.2 11.9 11,0 11 .4 11 .6 12.0 11.2 11 .4 11 .7

14 .3 12.9 13 .9 1 3 .8 14.1 14.0 13 .7 14.5 1 3 .4 14.5

11 .2 11 .4 12.3 12.6 11.9 11 .8 11 .8 12.3 11.3 12.2

12 .8 13.5 12.9 12.7 14.1 13.1 12.6 14.5 13.0 13.0

12 .2 12.1 11 .7 12.0 13.2 12 .3 11.9 12.1 12.0 13.5

14.5 15.3 14.9 14.2 15.6 13.5 12 .9 13 .8 13.0 13.9

13.1 12 .3 13.0 12 .2 1 3 .8 12.3 12 .7 13 .4 12.2 12 .7

13.3 12.1 12.0 12.3 13.0 11.9 12.2 12.3 11 .8 13.1

13.9 13 .4 12.5 12 .7 14.5 13 .8 12 .4 14.3 13 .8 14.1

12 .4 12.3 12.1 11.1 13.0 11.6 12.1 11.3 11.1 11.9

11 .5 12.1 11 .9 11 .8 12 .6 11.5 12.2 12.2 11.6 12.6

13.0 12.0 12.5 11.3 12.2 11 .8 12.1 12 .2 11 .8 12 .2

13.1 13.0 12.6 12.2 12.6 12 .7 12.7 12.6 14.0 12.5

11 .8 11.4 12.1 12.2 13.2 12.5 11.9 12.9 11.5 12.6

12.2 11 .8 12.1 12.1 11 .8 11.0 11.5 11.5 11.3 11 .7

11.9 11.5 11.5 12.3 12.5 1 1 .8 10.9 12.1 12.0 12.5



T a b l e  82

I n d iv id u a l  mean co rp u sc u la r  volumes (cu ,m ic ro n s )  o f  ca lv es  

c a l f  Weeks
No. 0 1 2 3 4 5 6 7 8 9 10

1 37 .5 39 .6 38 .0 3 6 .3 4 0 . 2 35 .9 35 .5 37 .0 3 7 .7 4 0 . 3 37

2 4 0 . 2 4 1 .5 38 .0 37 .2 4 1 . 5 38 .9 3 9 .7 36 .2 40 .0 4 2 . 7 4 0 . 4

3 38 .0 4 1 .5 4 0 . 3 38 .7 4 3 . 8 3 9 .7 39 .3 4 1 . 3 4 2 . 6 4 5 . 8 4 3 . 8

4 36.1 39 .7 37 38.1 4 0 . 3 3 8 . 8 36 .6 38.1 37 .2 3 9 .2 38 .9

5 39 .9 4 4 . 9 39 .6 4 0 . 6 4 0 . 9 4 0 .0 3 7 .6 3 8 .4 4 0 . 8 4 0 . 7 3 8 .8

6 38 .6 4 1 . 0 39 .6 38 .0 4 1 . 9 41 38 38 3 9 . 4 4 0 . 3 3 7 . 8

7 35 .3 4 1 . 8 39.1 4 0 . 7 4 2 . 9 37 .7 35 .5 36 4 0 . 3 39.1 36 .6

8 3 9 . 8 4 4 . 3 4 0 . 7 4 1 . 7 4 1 . 9 4 1 . 4 40 .1 4 0 . 6 4 0 .6 44 4 3 . 8

9 37 .2 4 4 . 4 4 1 . 6 4 7 . 9 4 1 . 6 4 4 . 3 4 3 . 6 4 2 . 5 4 0 . 5 4 3 . 7 4 3 . 8

10 4 3 . 4 39 .6 38 .5 3 9 .9 4 0 . 5 4 0 . 7 35 .2 38 .2 4 1 . 6 4 1 . 4 38 .9

11 4 0 . 6 4 2 . 9 4 0 .3 39.1 4 0 . 6 39 3 4 .7 38.1 38.1 39.1 3 5 .4

12 4 4 .9 4 5 . 9 42 4 3 . 2 4 2 . 9 4 4 . 9 4 1 . 5 4 2 . 6 4 7 .5 4 8 . 6 4 5 . 2

13 3 9 . 8 4 7 . 3 4 3 . 9 4 3 . 2 4 3 . 7 4 1 . 9 4 2 . 3 39 .5 46 4 6 .5 4 3 . 8

14 39 .3 4 4 .6 36 .2 4 1 . 8 4 3 . 7 42 37 .5 3 8 .9 4 2 . 3 4 1 . 4 4 4 .6

15 3 5 .2 4 0 .2 4 1 .6 4 1 . 2 4 2 . 8 4 0 . 8 39 37 .9 46 3 8 .8 4 0 . 2

16 4 7 . 9 4 1 . 4 3 9 . 4 4 3 . 9 4 1 .6 39 39 .6 4 0 . 3 4 1 .5 4 1 . 7 39 .5

17 3 7 .3 47 4 7 . 8 4 9 . 2 4 8 . 6 4 5 .6 4 8 .5 4 8 . 6 5 0 . 4 48.1 4 7 . 6

18 3 7 .9 4 2 .6 4 3 . 8 4 2 . 3 4 6 . 4 4 2 .5 4 3 . 9 46.1 4 4 .5 4 0 . 4 4 2 . 5

19 38 .5 4 6 .5 4 4 . 7 4 8 . 4 4 6 . 4 4 3 . 3 4 1 . 3 4 6 . 8 4 7 . 4 50 4 3 . 8

20 3 4 .4 4 0 .5 4 3 . 8 4 9 . 4 44 4 4 . 7 43 .1 4 5 . 8 48 .1 4 8 . 3 4 7 .5

21 39 .2 4 0 . 7 4l  .6 34 .6 4 3 . 2 4 2 . 4 41 .1 4 3 . 8 3 9 .4 4 5 . 6 42

22 39 .6 4 3 . 4 4 2 .3 4 2 . 7 4 6 . 2 4 3 . 8 4 3 . 7 43 .1 4 5 . 8 4 5 . 7 4 0 - 8

23 3 5 . 8 35 .9 32 .5 3 6 . 4 38 .3 36 .9 4 2 . 6 3 5 . 8 37 .5 38.1 3 5 . 8

24 3 7 .4 3 8 . 4 39 .6 3 8 .7 38.1 3 5 . 4 34 .9 37 .3 36.1 34 .7 3 6 . 8

25 37 .3 4 2 . 4 4 2 . 2 4 3 . 9 4 3 . 9 4 0 . 9 4 2 . 8 4 2 .5 43 .1 4 7 . 4 4 1 . 2

26 38 .5 4 2 .6 38 .2 4 2 . 7 3 7 .4 38 .9 38 .6 38.1 37 .3 4 1 . 7 38

27 38.1 38.1 38 .3 4 0 . 8 40 .1 39 .7 37 .9 3 6 . 7 3 7 .7 38 .9 37.1

28 44.1 4 2 . 7 44.1 4 5 . 2 43.1 4 2 .3 4 2 .6 44 .1 4 1 . 4 4 6 . 3 4 3 . 8



d u r i n g  E x p e r i m e n t  3

11 12 13 14 15 16 17 18 19 20

3 8 .2 39 3 4 .2 37 .9 3 6 .2 37 .6 38 .5 3 9 .4 38 .2 39 .6

39.1 45 3 9 .2 3 9 .2 38 .6 4 2 .6 4 1 . 7 4 1 . 9 4 o . 4 43

4 0 . 6 4 6 . 3 4 5 . 6 4 3 . 2 4 2 . 4 43 .1 4 5 .6 47.1 4 5 . 9 48.1

3 6 .7 3 9 . 8 38 37 .3 38 .2 3 9 . 4 37 .6 4 0 . 4 43 .1 4 3 .5

4 0 .5 4 4 . 8 4 2 . 3 41 4 2 . 3 43 .1 3 9 .4 4 5 . 2 4 2 .5 43 .1

3 7 . 8 4 2 . 9 39 .2 37 3 9 . 8 39 .2 3 9 . 8 41 3 9 . 8 4 2 . 4

39 .6 3 9 .9 39 .2 39 .2 3 7 .9 38 38 .6 39 .9 35 .5 4 2 . 6

40 4 6 . 2 43.1 4 3 . 8 4 2 . 9 4 2 . 9 39.1 45 4 1 . 5 4 4 . 3

4 1 . 2 4 3 . 3 43 4 1 . 7 4 0 . 5 4 1 . 9 4 0 . 5 43.1 4 5 .6 43

38 .2 41 .1 40.1 4 9 . 9 41 4 1 . 4 4 0 .6 4 2 .9 4 3 . 7 4 3 . 6

3 5 . 8 4 0 . 7 4 0 . 2 36 .2 39 .6 3 8 .6 38 39 .5 40 4 3 . 3

4 3 . 5 4 8 . 2 4 6 . 6 4 5 . 2 46 .1 4 3 .6 4 5 . 7 4 7 . 7 4 3 .6 4 7 . 7

40.1 4 3 . 4 44 4 3 . 2 4 3 . 9 4 2 . 8 4 5 .5 4 4 .9 4 3 . 4 46.1

42.1 4 4 . 8 43 4 3 . 6 44 4 4 . 7 4 2 . 4 4 2 .6 4 8 . 6 4 4 . 2

4 1 . 4 4 2 . 4 38 4 0 . 2 39 .6 39 .9 4 0 . 3 4 2 . 8 4 1 . 3 4 0 . 4

4 0 . 5 4 3 . 9 41.1 4 0 . 9 4 0 . 7 4 0 . 8 4 0 . 8 4 5 . 3 4 0 . 9 4 3 .5

4 5 . 4 4 8 .5 49.1 5 0 .6 52 4 7 . 2 4 8 . 8 49.1 5 0 . 2 50.1

36.1 4 5 . 3 4 4 . 8 4 4 . 2 4 3 . 9 4 1 . 9 4 0 .6 39 .6 42 4 7 . 4

45 4 9 . 6 46 5 1 .2 4 6 . 5 45 4 5 . 9 4 6 . 9 4 7 .5 49 .1

4 6 . 8 5 1 . 6 4 6 . 7 4 5 . 8 4 7 . 3 4 3 . 4 4 5 .5 36 .3 43.1 43.1

4 1 . 8 4 5 . 2 42.1 4 3 . 9 44 4 3 . 7 4 2 . 3 4 3 .3 4 6 . 3 4 6 . 3

4 5 . 8 4 6 . 7 4 2 . 4 4 2 . 2 4 3 . 9 42 .1 45.1 43 .5 4 1 .5 4 6 . 8

33 .5 3 8 . 8 3 7 . 8 36 .5 3 3 . 8 36 .5 34 .2 3 8 . 8 3 5 .3 35 .5

3 6 .2 38 .3 38 3 6 .7 3 6 .6 3 8 .7 38 .2 39 .3 4 5 . 8 39 .5

4 3 . 7 4 4 . 5 4 4 . 7 4 4 . 3 44 4 4 . 9 4 4 . 4 3 3 .8 4 4 . 8 4 5 . 8

3 9 .7 4 1 . 4 40 .1 39 3 8 .6 4 1 . 8 39 .6 44.1 4 5 . 7 4 8 . 9

3 8 .9 38 .2 37 .5 39 .5 41 4 0 . 7 4 0 . 8 4 3 . 4 3 8 . 8 4 2 . 6

4 4 . 6 4 2 . 2 42.1 4 4 . 3 42 4 4 . 4 4 1 . 4 39 .9 4 3 . 3 37 .5



T a b l e  83

I n d i v i d u a l  mean c o r p u s c u l a r  h a e m o g l o b i n  c o n c e n t r a t i o n s  (%) o f

C a l f
No. 0 1 2 3 4 5 6 7 8 9 10

1 4 0 . 3 37 .3 3 7 .4 3 7 .4 36 .5 3 8 .4 3 9 .3 37 .6 36 .9 34 .3 3 8 .4

2 3 7 . 7 36 .5 37 .5 39.1 37 .6 37 .5 3 7 . 7 4o 38 .2 34 .9 36 .7

3 4 1 . 6 40 3 8 .7 4 0 . 9 4 0 . 3 3 7 . 7 4 0 . 7 4 0 . 7 4 0 .6 3 8 .7 39 .0

4 3 8 .7 3 8 .2 3 6 .9 38 .6 37.1 37.1 3 9 .7 37 40 36 .3 3 2 .4

5 37 .3 3 5 .2 38 .5 36 37 .9 3 6 .4 37.1 37 .6 37 .3 39.1 38 .5

6 38.1 36 .5 35 38 .5 36 .5 3 4 .8 3 7 .3 3 8 . 4 37 .2 36 .9 39 .3

7 3 6 .8 36.1 3 6 .9 38 37 .3 38 .5 3 9 .7 40 36 .5 39 .2 39 .7

8 3 8 . 2 3 6 .4 3 9 .4 38 .3 37.1 4 0 . 3 4o 3 9 . 4 39.1 3 7 . 4 38 .5

9 3 7 .2 3 5 .4 37 .9 36 .6 38.1 3 7 .4 35.1 39 .3 41 37 .9 3 7 .8

10 36 3 9 .4 38 .5 3 9 .4 37 .9 36 4 0 . 7 3 9 .4 38 .3 38 .2 37 .3

11 3 6 .4 3 4 .3 3 5 .7 36 35 .9 3 5 . 7 39 . 38 .5 3 7 .3 38 .2 40

12 3 5 .3 35 .9 38 .3 37 .9 3 8 .4 35 .2 3 8 .3 37.1 36 .2 3 9 .7 38 .9

13 38 .7 34 .7 3 5 .8 3 6 . 9 36 .6 37 36 .5 39 .3 33 .5 34 .9 36.1

14 3 9 .4 36 .2 4 0 .9 36 .3 3 6 .8 36.1 3 9 .7 38 .2 3 8 .3 3 9 .4 34 .9

15 38 .9 3 8 .4 36.1 3 6 .3 38.1 3 7 .7 3 9 .3 39 .0 3 3 .3 4 0 . 3 3 7 .7

16 36 .2 36 .3 38 .3 3 6 .3 3 7 . 8 3 7 .8 3 8 .2 3 7 .2 35 .7 38.1 39.1

17 3 8 .4 36 .5 3 4 . 8 3 6 . 8 3 8 . 8 37 .2 3 6 .7 3 7 . 8 36 .2 39.1 4 0 . 3

18 3 7 .7 38 .7 3 2 .4 40 3 7 . 4 3 9 .4 3 9 . 4 3 8 .7 4o 46 .1 3 9 .4

19 3 8 . 8 3 7 .3 38 .5 36 .5 37 .9 3 8 . 4 4 0 . 3 37 .6 36 .5 36.1 4 1 . 9

20 3 7 .7 36 .5 34 .3 32 .9 37 .6 3 5 . 8 38 .3 3 7 .3 35.1 38 .2 36 .5

21 4 0 . 6 42.1 39.1 4 7 . 6 3 7 .7 38 .5 4 1 . 2 3 8 . 8 4 2 .2 3 9 . 4 3 9 .7

22 4 0 . 9 3 8 . 4 3 8 .9 4 2 . 5 38 .7 37 38.1 3 8 . 4 38 .2 39 .7 4 2 . 3

23 3 6 .3 35 .9 3 8 .9 36 .7 3 6 .7 3 7 .7 38.1 37 .3 37 .5 37 .2 38 .3

24 38.1 37 .9 35 3 6 .2 3 7 .6 3 6 .9 3 7 . 4 3 6 .8 3 8 .2 39 .7 3 9 .4

25 4 0 . 3 37.1 3 7 .3 3 7 .6 37 .6 37 .5 3 7 . 8 37.1 3 7 .8 35.1 38 .7

26 4 0 . 7 37 .3 39 .3 3 6 .9 4 0 .3 37 .3 39 .3 39 40 38 .2 4 1 . 6

27 38 .5 3 8 .7 39.1 3 8 .4 38 .6 36 .3 3 8 .4 3 9 . 7 4 0 . 9 39 41

28 3 6 . 8 3 8 .4 36.1 3 6 .4 38.1 37.1 3 7 .2 3 6 . 7 3 8 .7 3 4 .2 37 .2



c a l v e s  d u r i n g  E x p e r i m e n t  3

11 12 13 14 15 16 17 18 19 20

3 7 .8  3 7 .8  39 .3  39 4 l  4 o . 7  4 0 .2  37 .9  37 .7  36 ,7

3 8 .4  34 .7  4 0 . 3  4 0 . 7  4 0 . 3  4 0 . 3  3 8 .4  38 .2  3 8 .7  3 9 .8

4 0 . 6  3 9 . 4  39 .7  41 41 4 0 . 3  3 8 .2  3 9 .4  38 38 .3

4 0 . 6  37 39 4 0 . 3  3 9 .7  39.1 39 .7  3 8 .9  3 7 .3  38 .2

39.1 3 7 .7  39.1 4 0 . 7  4o '  4 0 . 3  4 2 . 9  39 .2  3 9 .4  4 l .1

3 9 .7  38.1 4 0 . 6  4 2 . 4  39 .3  4 l  38 .5  4 0 . 3  3 8 .9  4 0 . 6

36.6 39 .7  38.6 3 7 .4  4 o . 3  38 .5  37 .5  3 8 .7  4 l  37

4 0 . 3  3 8 .6  38 .6  4 0 . 7  38 .2  3 9 .7  4 1 . 5  36 .6  39.1 3 9 .4

4 3 . 2  3 6 .2  37 .5  3 7 . 4  4o 38.1 3 7 . 8  3 7 .8  4o 38 .2

4 4 . 2  4 1 . 8  3 8 .8  32 .9  4o 4 0 . 7  4 0 . 3  3 9 .4  38 .5  4 0 .3

39.1 37 .3  38 .3  42 3 8 . 8  3 9 .7  3 9 . 4  3 9 .4  38 .5  37

38 36 .7  36 .9  3 7 .7  3 8 .8  39 .6  38 .5  36 .3  39 .3  37 .9

3 9 .3  38.1 37 .2  3 7 .9  38 3 7 .4  37 .5  3 8 .8  35 .5  3 7 . 7

38 .6  34 .9  38 .6  37 .3  3 9 .2  3 7 . 8  39.1 39 .2  3 8 .8  38 .2

36.1 3 6 .8  39 .7  3 8 .2  3 9 .7  4 0 . 7  39 .3  3 8 .4  39 3 9 .4

37 .6  37 .5  38 .9  3 7 . 4  4 o . 3  3 8 .3  38 .2  4 1 . 4  3 7 .7  38 .2

38.1 39 3 7 .7  37 .5  3 8 . 8  41 3 8 . 4  36 .7  38.1 39 .9

4 6 . 8  3 9 .2  3 7 .3  3 9 .4  4 2 . 2  4 2 . 2  4 1 . 6  4 4 .5  4o 3 5 . 8

4 0 . 9  3 8 . 4  3 9 .4  38.1 4 0 . 6  41 41.1 4 1 . 9  3 9 .4  38

4 9 . 3  3 7 . 8  38 .7  3 9 .7  3 9 . 4  3 9 .7  37 .5  3 8 .4  38.1 41.1

3 9 .7  3 9 . 4  4 0 . 3  4 2 . 3  4 2 . 7  4 1 . 8  4 2 . 9  4 3 .5  4 l . 39 .2

3 8 .8  3 8 .4  4 0 . 3  39 .6  4 3 . 3  4 1 . 4  39 4 0 .5  4 1 . 9  3 9 . 8

3 9 .7  3 7 .8  3 8 .4  3 9 .3  4 3 .5  38 .3  4 0 . 7  3 9 .4  4 0 . 9  4 0 . 6

3 9 . 4  38 .7  39.1 4 0 . 4  4 0 . 7  3 9 .3  39 38.1 4 0 . 7  3 9 . 4

4 0 . 9  3 9 . 4  37.1 3 9 . 4  3 9 .4  38 .5  38 .6  4 0 . 6  4o 39.1

4 4 . 5  39 .3  4 1 . 7  42 .1  4 2 . 6  4 0 . 3  4 1 . 2  39.1 3 9 . 7  42

38.1 4 0 . 7  4 0 . 3  4 0 . 3  3 9 .3  3 9 .3  3 9 . 8  39 .7  4 1 . 9  37 .9

37 .2  3 8 .3  37.1 3 8 .4  4 1 . 7  38.1 3 8 .9  4 3 . 2  39 .3  37 .9



T a b l e  84

I n d i v i d u a l  a l b u m i n  l e v e l s  (gm s /1 0 0  m l . )  o f  c a l v e s  d u r i n g  E x p e r i m e n t  3

C a l f
No. 0 2 4 6 8 10 12 14 16

Weeks

18 20

1 2 .2 3 2 .2 7 2 .1 2 2 .25 2 . 3 4 1 .83 1 .77 2 .0 5 2 .0 1.9 1.94

2 2 .15 2 .39 2 .35 2 . 2 4 2 . 2 4 2 . 1 8 2 .0 9 1 .9 8 1.91 1 .9 4 1.96

3 2 . 4 8 2 .4 2 2.41 2 .25 2 . 2 7 2 .1 2 2 .2 1 .8 2 .16 2 .06 1.9

4 2 .0 2 2 . 0 4 2 .3 6 2 .2 5 2 .2 2 .2 2.01 1.91 2 2 .0 2 2.1

5 2 . 0 4 2 .1 7 2 .3 7 2 .15 2.01 2 . 0 7 1 .9 8 2 . 0 8 1.99 2 .13 1.9

6 2 2 .2 3 2 . 4 2 .0 3 2 . 2 8 2.01 1.77 1.99 1.9 2 .06 2.1

7 2 .0 6 1.97 1.91 1.99 2 .15 1.77 1.97 2 .23 2 .0 7 1.99 1.99

8 2 . 5 8 2 .5 7 1 .78 1.95 2 . 2 2 2 .0 3 2 . 0 8 2.11 2 .2 3 1.77 1.95

9 2 .1 3 2 . 2 8 2 .2 6 1 .98 2 .0 3 2 .0 3 1 .78 1.86 1.93 1 . 8 2. 12

10 2 .3 9 2 .7 3 2 . 4 4 1.91 2 .0 9 2 .16 2 .0 7 1.92 2 .0 2 2 .0 2 2 .2 6

11 2 . 2 8 2 .22 2.01 1.9 1 . 8 2 .0 7 1.99 2.1 2 .2 6 1.93 2.21

12 2 .36 2 .45 2 . 7 8 1.65 1.71 2 1.99 1.85 2 .0 7 1.85 1 .9 8

13 2 .1 3 2 .6 2 .6 7 2 .2 6 1 .9 8 2 .05 2 .1 7 1.97 2 .0 3 1.97 1 .9 4

14 2 .2 2 2 .3 7 2 . 5 8 2 .0 5 2 . 4 2.51 2.35 1.97 1.99 2 .23 2 . 3 8

15 2 . 2 8 2 . 4 4 2 . 4 4 2.21 2 .1 5 1.7 1.65 1.86 1.86 1.95 2 .2 7

16 2 .1 6 2 .13 3 .1 2 1.86 1.7 2.1 1.96 1.89 2 .0 6 2 .3 7 2 .15

17 2 . 4 4 2 .3 7 2 .7 2 1.9 1 .94 1 .98 2.15 1 .78 2 . 1 8 2 .1 6 2 . 3

18 2 . 0 4 2 .4 3 2 .56 2 . 4 8 2 .3 3 2 . 1 8 2 .0 7 2 .1 7 2 . 1 4 2 ,0 9 2 . 3

19 1.86 2 . 2 4 2 .3 6 2 . 2 1.96 2 .0 7 1.86 1.69 2 .0 3 2 .2 3 2 .15

20 2 .0 7 1.85 2 . 0 4 2 .1 2 2 .3 6 2 1.77 1.67 2 .19 2 .05 2 .1 7

21 2 . 2 1.92 2 .4 7 2 .0 9 2 . 3 4 2 .1 3 2 .1 4 1 .7 4 2 .05 2 .0 4 2

22 2 . 3 2.31 2 .65 2.1 1 .9 1.86 1 .98 1.99 1.97 1.81 1.76

23 1.92 2 . 0 8 2 .3 3 1.81 1 .88 1.85 1.87 1.99 1 .7 2.01 2 .0 2

24 2 . 1 8 2 . 7 2 . 7 1.93 1 .84 2 .3 9 2.11 2 .2 6 1.94 2 .26 2 .3 2

25 2 .36 2 . 0 8 2 .8 9 2 . 1 7 2 . 3 2 .3 3 2 .49 2 .2 3 1.9 2.25 2 . 7

26 1.92 2 .36 2 .8 7 2.31 1.97 2 .1 5 1.86 2.01 2 .0 2 2 .13 2 . 2

27 2 . 3 8 2 .0 9 2 . 1 8 2 . 1 8 2 .2 9 2 .1 3 2.05 2 . 0 4 1 .88 2 2 .0 5

28 2.21 2 .1 6 2 . 2 1.72 2 .0 3 2 . 1 8 2 .1 9 1.9 1 .7 8 2 . 0 8 2 .4 6



T a b l e  85

I n d i v i d u a l  t o t a l  se rum g l o b u l i n s  (gm s /1 00  m l . )  o f  c a l v e s  d u r i n g

E x p e r i m e n t  3

Weeks
C a l f
No.

1

0

3.91

2

3 .7 8

4

4 .2 5

6

4 . 6 4

8

4 . 0 9

10

4 . 6

12

4 .4 9

14

4 . 5 6

16

4 . 7 2

18

4 .9 5

20

4 . 6

2 4.31 4 .0 5 4 . 5 9 4 . 6 5 4 . 2 2 4 . 8 4 .8 5 4 .5 5 5.01 4 . 7 7 5 .0 7

3 3 -5 4 3 .59 3 .9 3 3 , 7 8 3 .7 7 4 . 5 3 4 .45 3 .7 4 . 8 8 4 . 9 6 5.31

4 3 . 4 8 3 . 8 4 4 . 1 9 4 . 0 6 3 .8 2 4 .16 4 . 5 4 4 . 3 8 4 . 9 2 4 . 9 7 4 . 8 3

5 4 .8 5 4 .5 6 4 . 6 4 . 8 2 4 . 8 4 4 . 8 9 5 .3 4 4.51 4 .5 5 5 .1 9 5 . 3

6 3 .55 3 .72 3 . 8 4 . 2 8 4 . 3 2 4 . 1 8 3 .9 7 3 .6 3 .86 4 . 1 4 4 . 3

7 4.01 3.96 4 . 1 5 4 . 0 4 4 .5 3 4 . 6 9 4 .0 4 . 2 7 4 . 0 9 4 .5 6 4 . 8 7

8 3 .4 8 3 .67 4 . 0 3 4 .2 9 4 . 0 8 4 . 6 5 4 . 7 7 4.61 4 . 7 4 5 . 3 4 5 .1 9

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

10 3.75 3.71 4.41 4 . 9 4 . 5 4 4 . 6 4 .8 9 5 . 0 4 4 . 9 4 4 . 9 2 4 . 8 9

11 3.65 3 .8 9 4 .2 5 4 . 3 4 .3 5 4 . 4 9 4 . 5 4 4 . 2 4 . 0 3 4 . 9 3 4 . 4 7

12 3-33 3 . 4 8 3 .8 8 4 . 3 4 . 0 7 3 .8 8 4 . 2 7 4 . 1 9 4.01 4 . 4 4 . 4 9

13 4 . 1 5 3 . 2 3 .5 9 4 . 0 6 4 . 0 9 3 .53 4 . 0 7 4 . 2 6 4 . 3 2 4 . 2 3 4 . 0 9

14 3.85 3 .9 3 .9 3 4 .1 5 3.95 3 .17 4 . 3 3 4 . 2 7 4 . 3 2 4 . 0 7 4 .3 5

15 3 .5 3.49 3 . 3 8 3 . 9 8 4 . 0 9 3 .5 3 .3 8 4 . 1 4 4 . 1 6 4 .3 5 3 .9 7

16 3 .7 7 3 .5 4 3 .32 4 . 1 5 4 . 1 4 4 . 2 8 3.59 4 . 3 4 . 1 6 3 .93 4 .1

17 3 . 4 4 3.66 3 .53 3 .65 4 . 0 5 4.01 3 . 8 4.21 4 . 0 7 4 .1 9 4 . 0 4

18 4 .0 6 3 . 9 8 3 .86 4 . 4 4 4 . 5 4 4 .5 5 4 . 4 4 4 . 8 7 4 . 6 4 . 3 7 4 . 4 4

19 4 . 0 7 3.96 4 . 1 4 4 . 0 4 4 . 4 4 4 . 4 3 4 . 6 4 . 0 4 . 2 2 4 . 3 9 4.01

20 4 . 0 7 4 . 8 4 . 9 4 . 2 4 4.41 4 .0 3 4 .0 5 4 .5 9 4 .3 3 4 . 7 4 4 . 8

21 4 . 6 8 3.65 4 . 4 9 4 . 3 8 4 . 3 9 3 .9 3 4 . 6 2 4 . 1 4 4 .2 5 4 . 7 4 4 . 8 2

22 3-72 3 .7 3 3.21 3 .9 2 3 .7 4 3 . 8 8 4 .4 5 4 . 2 8 4 . 9 3 4 . 3 8 4 . 7 4

23 4 4 , 1 8 3.85 4.21 4 . 3 6 4 . 3 9 4 . 3 7 4 . 1 7 4 .8 5 4 .7 2 4 .8 3

24 4 . 0 7 3 .3 7 3 .5 9 4 . 5 9 4 . 1 4 4.1 4 . 6 7 4 . 4 7 4 . 7 9 4 . 4 9 4 . 2 4

25 4 . 4 7 4 .3 2 3 .52 4 . 0 5 4 . 1 9 4.31 4 . 1 9 4 . 4 9 4 . 5 4.91 4 . 6 4

26 3 .9 3 .3 8 3.35 4 . 0 9 4 . 0 4 4 . 1 9 4 .3 2 4 . 4 3 4 . 2 2 4.31 4 . 2 4

27 4 . 4 4 .1 6 4 . 0 9 4 . 0 9 4 , 4 3 4 . 3 8 4 .2 5 4 .5 5 4 . 5 9 4 . 5 2 3 . 8

28 4 . 5 2 4 . 3 4 4 . 2 3 .6 4 . 2 3 4.41 4 .3 0 4 . 3 5 4 . 0 3 4 . 3 9 4 . 3



T a b l e  86

I n d i v i d u a l  se rum  g l u t a m a t i c - o x a l o a c e t î c t r a n s a m i n a s e  l e v e l s

C a l f
No. 0 1 2 3 4 5 6 7 8 9 10

Weeks 

11 12

1 67 82 68 84 93 101 88 62 112 83 95 85 89

2 90 93 87 137 127 155 84 62 122 87 104 87 68

3 76 84 6o 182 75 87 73 70 85 75 87 90 68

4 64 67 60 101 67 77 66 75 86 120 99 93 81

5 55 64 71 111 67 155 112 60 93 67 63 71 71

6 63 71 57 67 71 80 80 69 86 75 62 82 84

7 77 83 82 97 55 90 68 72 84 80 84 123 95

8 90 112 66 173 91 115 84 75 100 84 122 75 89

9 64 76 66 107 74 82 66 68 71 61 60 97 76

10 62 78 61 93 71 85 73 75 102 82 98 104 107

11 61 80 80 84 100 119 82 75 80 63 71 77 71

12 64 71 81 129 84 87 81 69 144 82 122 135 78

13 81 75 63 154 87 77 102 95 167 127 122 111 111

14 81 78 76 129 80 103 85 85 82 75 93 107 83

15 76 90 81 113 82 53 65 75 71 88 101 73 88

16 62 56 60 67 62 71 122 112 107 83 75 131 97

17 1 10 87 77 107 119 90 93 83 93 83 86 89 87

18 67 76 75 77 67 74 83 83 85 110 128 89 122

19 75 67 66 88 69 77 73 63 73 75 75 82 91

20 85 84 62 81 72 65 66 83 75 81 69 66 115

21 75 75 71 84 67 93 93 143 93 80 93 94 100

22 69 61 71 91 81 80 82 75 75 98 76 89 128

23 53 66 71 74 64 85 67 58 66 76 60 71 62

24 62 63 56 88 67 63 66 63 98 80 75 71 62

25 61 58 65 77 81 123 107 65 73 73 74 87 93

26 72 62 88 74 67 63 65 53 66 65 70 70 80

27 63 67 61 62 59 60 65 66 76 68 69 66 71

28 71 70 62 62 64 77 73 69 75 93 76 73 75



( S - F  u n i t s )  in  c a l v e s  d u r i n g  E x p e r i m e n t  3.

13 14 15 16 17 18 19 20

77 59 90 62 75 104 135 104

104 95 84 108 133 85 112 73

110 123 161 99 104 83 112 79

75 87 145 154 152 95 116 126

75 84 106 79 67 71 111 122

65 77 67 118 82 70 71 70

93 111 118 98 91 107 80 83

95 89 200 85 116 113 111 129

73 66 70 77 86 67 58 82

82 80 105 59 67 71 82 78

67 87 174 79 88 82 89 83

76 99 81 73 85 99 89 75

73 93 97 82 76 88 60 82

77 97 82 72 80 69 70 109

71 90 100 94 111 87 104 100

74 71 75 72 67 63 81 68

97 113 85 94 86 76 89 106

82 93 94 79 73 76 85 66

83 102 83 67 69 71 65 61

74 80 70 59 67 61 73 65

106 108 94 80 102 94 88 82

71 82 85 64 71 65 82 66

66 60 65 61 62 61 66 62

71 65 60 80 87 70 76 71

80 80 75 97 133 107 108 105

65 65 73 115 97 104 94 76

78 84 101 82 76 87 73 84

89 82 95 109 87 136 100 100



T a b l e  87

I n d i v i d u a l  f a e c e s  egg c o u n t s  ( e g g s / \ 3 ^  gms o f  f a e c e s )  o f  c a l v e s

C a l f
No. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 3

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

8 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

9 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 6

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

19 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



d u r i n g  E x p e r i m e n t  3

16 17 18 19 20

2 3 6 10 5

2 5 5 11 6

0 1 2 3 3

0 1 1 3 2

0 0 4 5 2

0 0 0 0 1

0 1 0 17 11

0 1 1 3 5

2 3 7 7 3

0 7 3 0 4

0 0 0 0 0

0 7 2 3 3

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

5 9 7 11 3

0 6 3 1 2

0 4 0 3 2

0 0 2 0 3

1 0 0 1 0

1 1 0 0 0

1 2 8 1 1

0 0 0 3 16

0 0 0 0 11

0 0 0 1 2

0 0 0 0 0
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P l a t e  I

I / E  a n a l y s i s  o f  a  s a l i n e  e x t r a c t  ( F . A . )  a n d  t h e  m e t a b o l i c  p r o d u c t s  ( M . A . )  

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

( A . F . S . )  a n d  s e r u m  f r o m  a  c a l f  i n f e c t e d  w i t h  F .  h e p a t i c a  ( B . S . ) .



P l a t e  2

BS
f

% é

D o u b l e  d i f f u s i o n  i n  a g a r  s h o w i n g  a  l i n e  o f  i d e n t i t y  b e t w e e n  a n  a n t i g e n  

i n  a  s a l i n e  e x t r a c t  ( F . A . )  a n d  m e t a b o l i c  p r o d u c t s  f r o m  F .  h e p a t i c a  

a s  r e v e a l e d  b y  s e r u m  f r o m  a  c a l f  i n f e c t e d  w i t h  F .  h e p a t i c a .



TABLE 1

I n d i v i d u a l  p r e c i p i t i n  r e s p o n s e  o f  c a l v e s  f o l l o w i n g  i n f e c t i o n
w i t h  500 m e t a c e r c a r i a e  o f  F,  h e p a t i c a  as d e t e c t e d  by c o m b in e d

i m m u n o d i f f u s i o n  on p l a t e s .

C a l f  No.

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

0 1 2  3 4 8 12 16 20 24

1 - - " - +

2 - - - + +

3 - - - - +

4 “ " + +

5 - - - + + +

6 - - - + + +

7 - - + + +

8 - - " + + +

9 - — - + + + +

10 - " " + + - -

11 - - - + + + -

12 - - - + + + +

13 - - - + + + + +

14 - — + + + + +

15 — - “ " - - +

16 H- - +

17 + + + +

18 - - - + + + - + +

19 - - - + + " - - -

20 - — - + 4" + + + +

21 - - - + + + + + + +

22 - - - + + + + + +

23 - - — - + + + + + +

24 + + + + + +

+ = present  -  = absent



TABLE 2

I n d i v i d u a l  p r e c i p i t i n  r e s p o n s e  o f  c a l v e s  f o l l o w i n g  i n f e c t i o n
w i t h  750 m e t a c e r c a r i a e  o f  F. h e p a t i c a  as d e t e c t e d  by  c o m b in e d

i m m u n o d i f f u s i o n  p l a t e s .

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

C a l f  No. 0 1 2 3 4 8 12 16 20 24 28

1 3  — — 4 " 4 " 4 " 4 "  4 "  +  4 "

14 H' "I" +  4’ 4" 4" 4"

15 — "  — ™ — 4" 4" 4" 4" 4" 4"

16 — — — 4" 4" 4" 4" 4" 4"

4- = present  -  = absent
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P l a t e  I .

S k i n  b i o p s y  s h o w i n g  t h e  e p i d e r m i s  a n d  d e r m i s  a t  t h e  s i t e  

o f  t h e  i n t r a d e r m a  1  i n j e c t i o n  o f  F .  h e p a t i c a  a n t i g e n  i n  

a  f l u k e  i n f e c t e d  c a l f .  B i o p s y  t a k e n  1 5  m i n s .  a f t e r  t h e  

a n t i g e n  i n j e c t i o n ,  T h e r  i s  m a r k e d  o e d e m a  ( o e )  o f  t h e  

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

S t a i n :  H & E .  M a g n i f i c a t i o n  x  1 5 0 .





P l a t e  2 .

S i m i l a r  b i o p s y  t o  t h a t  d e s c r i b e d  I n  p l a t e  I b u t  t a k e n  

6  h r s ,  a f t e r  i n j e c t i o n  o f  a n t i g e n .  T h e r e  i s  o e d e m a  

a n d  c e l l u l a r  I n f i l t r a t i o n  ( c i )  o f  t h e  d e r m i s .

S t a i n :  H & E .  M a g n i f i c a t i o n  x  1 5 0 .

P l a t e  3 ,

A  b l o o d  v e s s e l  ( b v )  i n  t h e  d e r m i s  o f  t h e  b i o p s y  

t a k e n  6  h r s .  a f t e r  t h e  i n j e c t i o n  o f  t h e  a n t i g e n .

T h e  v e i n  i s  t h r o m b o s e d  ( t r )  a n d  i t s  w a l l  i n f i l t r a t e d  

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

S t a i n :  H & E .  M a g n i f i c a t i o n  x  3 0 0 .
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P l a t e  4

Skin react ions in c a l f  in f ec te d  w i th  F. hepat ica  

i n j e c t i o n  20 mins. p r e v i o u s l y  a t  2 s i t e s  o f  the  

ant  i gen.



T a b 1e I

S k i n  t h i c k n e s s  o f  c a l f  I b e f o r e  a n d  a f t e r  t h e  i n t r a d e r m a l  i n j e c t i o n  o f

F.  h e p a t i c a  a n t i g e n  a t  2 w ee ks  a f t e r  i n f e c t i o n  w i t h  750 m e t a c e r c a r i a e

o f  F. h e p a t i c a .

Skin th ic k n e s s . FI uke ant  i gen S a l i n e  i: o n t r o l

(mm. ) S i t e  1 2 3 1 2 3

P r e - i n j e c t  ion 6 4 6 4 6 6

1n j e c t  ion 10 6 8 6 8 10

A f t e r  15 mins. 10 10 12 8 6 8

30 mins. 4 8 10 6 6 6

45 mins. 6 10 12 4 6 6

1 h r . 8 8 12 4 6 6

3 hrs . 8 8 10 4 6 6

6 h rs . 6 4 6 4 6 6

T a b le  2

Skin t h ick n es s  o f  c a l f 3 b e f o r e  and a f t e r  th e  in t ra d erm a l  i n j e c t i o n

F. h e p a t ica  a n t ig e n  a t t h r e e  weeks a f t e r  i n f e c t i o n wi th 750 metacer

o f  F. h e p a t i c a .

Skin th ickn ess FI uke ant  i gen S a l i n e  cont rol

( mm. ) S i t e  1 2 3 1 2 3

P r e - i n j e c t i o n 4 4 4 4 4 4

I n j e c t  ion 6 6 6 6 6 6

A f t e r  15 mins. 8 8 8 6 6 6

30 mins. 12 12 12 6 6 6

45 mins. 10 l4 12 6 6 6

1 h r . 10 12 10 4 4 4

3 h rs . 8 10 8 4 4 4

6 h rs . 4 4 4 4 4 4



Table 3

S k i n  t h i c k n e s s  o f  c a l f  5 b e f o r e  a nd  a f t e r  t h e  i n t r a d e r m a l  i n j e c t i o n

o f  F. h e p a t i c a  a n t i g e n  a t  4  weeks  a f t e r  i n f e c t i o n  w i t h  750

m e t a c e r c a r i a e  o f  F. h e p a t i c a .

Skin t h ic k n e s s . Fluke an t ig en S a l in e  cont  r o 1

( mm. ) S i t e  1 2 3 1 2 3

P r e - i n j e c t  ion 6 8 8 6 6 6

I n j e c t i o n 8 10 10 8 8 8

A f t e r  15 mins. 10 12 12 8 10 10

30 mins. 18 18 18 8 8 8

45 mins. 18 18 18 6 6 6

1 hr . 18 18 18 6 6 6

3 hrs . 12 14 16 6 6 6

6 hrs . 6 8 8 6 6 6

Tab le 4

Skin t h ick n e ss  o f  c a l f 6 b e fo re  and a f t e r  the i ntraderma 1 i n j e c t  ic

o f  F. h ep a t ica  a n t ig e n a t  5 weeks a f t e r i n f e c t i o n  w i t h  750

m e ta c e rc a r ia e  o f  F. h e p a t i c a .

Skin th ic k n e s s . Fluke an t ig e n S a l i n e  cont  rol

( mm, ) S i t e  1 2 3 1 2 3

P r e - i n j e c t  ion 6 6 6 6 6 6

1n j e c t  ion 8 8 8 8 8 8

A f t e r  15 mins. |4 16 18 8 8 8

30 mins. 12 |6 18 6 6 6

45 mins. 10 14 |4 6 6 6

1 h r . 10 12 12 6 6 6

3 h rs . 8 10 8 6 6 6

6 hrs . 6 6 6 6 6 6



T a b l e  5

S k i n  t h i c k n e s s  o f  c a l f  9 b e f o r e  and  a f t e r  t h e  i n t r a d e r m a l  i n j e c t i o n

o f  F. h e p a t i c a  a n t i g e n  a t  6 wee ks  a f t e r  i n f e c t i o n  w i t h  750

m e t a c e r c a r i a e  o f  F. h e p a t i c a .

Skin th ickn es s Fluke an t ig en s a l i n e  c o n t ro l

( mm. ) S i t e  1 2 3 1 2 3

P r e - i n j e c t  ion 4 4 4 4 4 4

1nj ec t  i on 6 8 8 6 6 6

A f t e r  15 mins. 18 18 18 8 8 8

30 mins. 20 18 18 8 - 6 6

45 mins. 20 16 16 6 6 6

I h r . |6 14 |4 4 4 4

3 h r s . 12 12 12 4 4 4

6 h rs . 8 8 10 4 4 4

T ab le  i6

Skin th ic k n e s s  o f  c a l f  18 b e f o r e  and a f t e r  the in t rad erm al i n j e c t

o f  F. h e p a t ic a  a n t ig e n  a t  8 weeks a f t e r i n f e c t i o n  w i t h  750

m e ta c e r c a r ia e  o f  F. hepat  ica .

Skin t h ick n es s Fluke  a n t ig e n Sa 1 i ne cont  rol

( mm, ) S i t e  1 2 3 I 2 3

P r e - i  nj ec t  i on 6 6 6 6 6 6

I n j e c t  ion 8 8 8 8 10 8

A f t e r  15 mins. 18 20 18 6 8 6

30 mins. 18 22 18 6 6 6

45 mins. 16 24 20 6 6 6

1 h r . 18 24 18 6 6 6

3 h rs . 14 18 14 6 6 6

6 h rs . 8 12 10 6 6 6



T a b l e  7

S k i n  t h i c k n e s s  o f  c a l f  28  b e f o r e  a nd  a f t e r  t h e  i n t r a d e r m a l  i n j e c t i o n

o f  F.  h e p a t i c a  a n t i g e n  a t  10 weeks  a f t e r  i n f e c t i o n  w i t h  750

m e t a c e r c a r i a e  o f  F. h e p a t i c a .

Skin th ick n ess Fluke  a n t ig e n S a l i n e  co n t r o l

(mm. ) S i t e  1 2 3 1 2 3

P r e - i n j e c t  ion 10 . 10 10 10 10 10

I n j e c t i o n 14 14 |4 12 12 12

A f t e r  15 mins. 20 20 22 |4 14 14

30 mins. 24 24 20 12 12 12

45 mins. 20 20 20 12 12 12

1 h r . 20 20 20 10 10 10

3 h rs . 18 18 18 10 10 10

6 h rs . 10 10 10 10 10 10

T ab le 8

Skin th ic kn es s o f  c a l f  20 b e fo r e  and a f t e r t h e  in t rad erm a l  in je c '

o f  F, h e p a t ic a a n t ig e n  a t  12 weeks a f t e r i n f e c t i o n w i t h  750

m e t a c e rc a r ia e  io f  F, h e p a t i c a .

Skin th ickn e ss FIuke  an t  i gen S a l i n e  cont  rol

( mm.) S i t e  1 2 3 1 2 3

P r e - i n j e c t i o n 6 6 6 6 6 6

1nj ec t  i on 10 10 10 8 10 10

A f t e r  15 mins. 20 20 22 10 12 12

30 mins. 20 22 26 10 12 10

45 mins. 18 22 26 10 10 10

1 h r . 18 22 22 8 8 10

3 h rs . 20 20 20 6 6 6

6 h rs . 12 12 12 6 6 6



T a b l e  9

S k i n  t h i c k n e s s  o f  c a l f  19 b e f o r e  and  a f t e r  t h e  i n t r a d e r m a l  i n j e c t i o n

o f  F. h e p a t i c a  a n t i g e n  a t  l 6  weeks a f t e r  i n f e c t i o n  w i t h  750

m e t a c e r c a r i a e  o f  F. h e p a t i c a .

Skin th ic k n e s s Fluke ant  i gen S a l i n e  cont  rol

(mm. ) S i t e  1 2 3 1 2 3

P r e - i n j e c t i o n 8 10 10 8 10 10

I n j e c t  ion 12 |4 14 12 14 |4

A f t e r  15 mins. 22 24 32 12 |4 14

30 mins. 22 24 30 8 10 10

45 mins. 22 24 30 8 10 10

I h r . 22 22 28 8 10 10

3 h rs . 22 18 28 8 10 10

6 h rs . |4 18 18 8 10 10

T a b le 10

Skin th ic k n e s s  o f  c a l f 23 b e fo r e  and a f t e r  th e in traderma 1 in j  ec t

o f  F. h e p a t ic a  a n t ig e n a t  18 weeks a f t e r i n f e c t i o n  w i t h  750

m eyace rcar iae  o f  F. h e p a t i c a .

Skin th ic k n e s s Fluke an t ig en S a l in e  cont  rol

( mm. ) S i t e  1 2 3 1 2 3

P r e - i n j e c t i o n 10 10 10 10 10 10

1nj ec t  ion 12 12 l4 12 12 12

A f t e r  15 mins. 22 24 30 12 12 12

30 mins. 22 26 30 10 10 10

45 mins. 22 24 30 10 10 10

1 hir. 22 24 30 10 10 10

3 h rs . 20 20 24 10 10 10

6 h rs . 18 16 20 10 10 10



T a b l e  I I

Skin th ic k n e s s  o f  t h e  f i r s t  u n i n f e c t e d  c o n t ro l  c a l f  b e fo re  and 

a f t e r  the in t raderm al  i n j e c t i o n  o f  F. h ep a t ica  a n t ig e n

Skin th ic k n e s s FI uke ant  i gen S a l i n e  c o n t ro l

( mm. ) S i t e  1 2 3 1 2 3

P r e - i  n j e c t  ion 6 6 6 6 6 6

I n j e c t i o n 10 10 10 8 8 8

A f t e r  15 mins. 8 8 8 8 8 8

30 mins. 10 10 10 6 6 6

45 mins. 6 6 6 6 6 6

1 h r . 6 6 6 6 6 6

3 hrs . 6 6 6 6 6 6

6 h rs . 6 6 6 6 6 6

Tab 1 e 12

Skin th ic k n e s s  o f  the second u n in f e c t e d c o n t ro l cal  f b e fo re and

a f t e r  the in t ra de rm a l i n j e c t i o n  o f F. h e p a t ic a  a n t ig e n .

Skin th ic kn e ss Fluke  a n t ig e n S a l i n e  c o n t ro l

( mm. ) S i t e  1 2 3 1 2 3

P r e - i  nj  ec t  i on 4 6 6 4 4 4

1nj ect  i on 6 8 8 6 6 6

A f t e r  15 mins. 8 10 10 8 8 8

30 mins. 8 8 12 6 6 6

45 mins. 8 8 10 6 6 6

! h r . 8 8 8 6 6 6

3 h rs . 4 6 6 4 4 4

6 h rs . 4 6 6 4 4 4



T a b l e  13

Skin th ic k n e s s  o f  t h e  t h i r d  u n in f e c t e d  c o n t r o l  c a l f  b e fo r e  and 

a f t e r  t h e  in t raderm al  i n j e c t i o n  o f  F. hep a t ica  a n t i g e n .

Skin th ic kn ess FIuke  an t  I gen S a l i n e  co n t r o l

( mm. ) S i t e  1 2 3 1 2 3

P r e - i n j e c t  ion 6 6 6 6 6 6

1n j e c t  i on 8 8 8 8 8 8

A f t e r  15 mins. 6 8 8 8 8 8

30 mins. 6 6 8 6 6 6

45 mins. 6 6 6 6 6 6

1 h r . 6 6 6 6 6 6

3 hrs . 6 6 6 6 6 6

6 h rs . 6 6 6 6 6 6

T ab le 14

Skin th ic k n e s s  o f  th e f o u r t h  u n in f e c t e d c o n t ro l ca 1 f b e fo re and

a f t e r  th e  in t raderm al i nj ec t  i on o f F. h e p a t ic a  a n t ig e n

Skin th ic kn es s Fluke  a n t ig e n S a l i n e  c o n t ro l

( mm. ) S i t e  1 2 3 1 2 3

P r e - i  n j e c t  ion 8 8 8 8 8 8

1nj ec t  i on 10 10 10 10 10 10

A f t e r  15 mins. 8 10 8 10 8 10

30 mins. 8 10 8 8 8 8

45 mins. 8 10 8 8 8 8

1 h r . 8 8 8 8 8 8

3 hrs . 8 8 8 8 8 8

6 h rs . 8 8 8 8 8 8



T ab le  15

Skin th ic kn es s  o f  30 c a lv e s  b e fo r e  and then 30 mins. a f t e r  th e  

in t radermal  i n j e c t i o n  o f  F. h e p a t ic a  a n t i g e n .

C a l f  no. Skin th ic kn es s Skin th ic kn es s Increase  in Presence o f

p r i o r  to a f t e r  i n j e c t i o n in skin F. h e p a t ica

i n j e c t  ion th  i ckness a t

( mm. ) ( mm.) ( mm.) s l a u g h t e r .

1 6 18 12 +

2 4 18 |4 +

3 6 20 14 +

4 4 12 8 +

5 6 18 12 +

6 6 20 14 +

7 6 12 6 +

8 6 20 |4 +

9 6 24 18 +

10 4 18 14

1 1 6 18 12 +

12 6 18 12 +

13 4 18 14 +

14 6 20 14 +

15 6 20 14 +

16 6 12 6 +

17 8 12 4 -

18 6 18 12 +

19 8 22 14 +

20 4 22 18 +

21 4 '8 |4 +

22 6 16 10 +

23 4 20 16 +

24 6 24 18 +

25 4 20 16 +

26 6 16 10 +

27 4 20 16 +

28 8 18 10 +

29 4 8 4 -

30 6 10 4 -



T a b l e  l6

Diameter  o f  weals ( mm.) in the  p ass iv e  cutaneous t r a n s f e r  t e s t  

e l i c i t e d  by serum taken from c a l f  2! a t  0 ,  4 ,  8,  12, l6 ,  20 and 

24 weeks a f t e r  i n f e c t i o n  w i t h  500 m e t a c e r c a r ia e  o f  F. h e p a t i c a .

W e e k s D i l u t i o n  o f  s e r u m

a f t e r  

i n f e c t  i o n

1
1

1 1 
4 16

1
64

1
256

,0

4

p
19 — - _ -

0

12 - — — - -

16 19 — “ - -

20 38 18 - -

24 40 31 15 14 19

T a b le  17

Diameter  o f  weals ( mm.) in t h e  pass ive  cutaneous t r a n s f e r  t e s t  

e l i c i t e d  by serum taken from c a l f  22 a t  0 ,  4 ,  8,  12, | 6 ,  20 and 

24 weeks a f t e r  I n f e c t i o n  w i t h  500 m e ta c e r c a r ia e  o f  F. h e p a t i c a .

W e e k s  D i l u t i o n  o f  s e r u m

a f t e r  J _  J _  J _  I
I 4 1 6 64 256

i n f e c t  i o n

0 - — “ - -

4 35 - -

8 24 - - — -

12 - - - —

16 30 - - - -

20 40 28 18 1 1 -

24 20 1 2 " - -



T a b l e  I 8

Diameter  o f  weals ( mm.) in the pass iv e  cutaneous t r a n s f e r  t e s t  

e l i c i t e d  by serum taken from c a l f  24 a t  0 ,  4 ,  8,  12, | 6 ,  20 and 

24 weeks a f t e r  i n f e c t i o n  w i t h  500 m e ta c e r c a r ia e  o f  F. h e p a t i c a .

Weeks D i l u t  ion o f  serum

a f t e r  

i n f e c t  1 on

1
1

1
4

1
|6

1
64

1
256

0

4

8

12 17

- - -

-

16 22 - - - -

20 34 28 36 - -

24 70 35 31 20 -



T a b l e  19

Diameter  o f  weals (mm.) in th e  p ass ive  cutaneous t r a n s f e r  t e s t  

e l i c i t e d  by serum taken from c a l f  13 a t  0 ,  4 ,  8,  12, l6 ,  20,  

24,  28, and 30 weeks a f t e r  i n f e c t i o n  w i t h  750 m e ta c e rc a r ia e  o f  

F. h e p a t i c a .

Weeks 

a f t e r  

i n f e c t  i on

1
1

D i l u t i o n  o f  serum

1 1 
4 16

1
64

1
256

0

4

8

12

- -

-

"

-

16 10 - - " -

20 10 - - - -

24 15 - - - -

28 19 15 10 - -

30 17 13 - - —



T a b l e  20

Diameter  o f  weals (mm.) In th e  p as s iv e  cutaneous t r a n s f e r  t e s t  

e l i c i t e d  by serum taken from c a l f  |4  a t  0 ,  4 ,  8, 12, l6 ,  20,  

24, 28 and 30 weeks a f t e r  i n f e c t i o n  w i t h  750 m eta c e rc a r ia e  o f  

F. h e p a t lc a .

Weeks D i l u t  ion o f  serum

a f t e r  

i n f e c t  ion

1
T

1
4

1
16

1
64 256

0

4

8

12

-

- - -

-

16 - - “ - "

20 13 - - - -

24 16 13 - -

28 26 16 20 21 |6

30 18 - - -



T a b l e  21

Diameter  o f  weals ( mm,) in th e  p ass ive  cutaneous t r a n s f e r  t e s t  

e l i c i t e d  by serum taken from c a l f  15 a t  0 ,  k ,  8,  12, 16 , 20,

24,  28 and 30 weeks a f t e r  i n f e c t i o n  w i th  750 m e ta c e rc a r ia e  o f  

F. h e p a t i c a .

Weeks D i l u t i o n o f  serum

a f t e r  

i n f e c t  ion

1
1

1
4

1
16

1
64

1
256

0

4

8

12

- - -

-

-

16 - - - " -

20 10 - - - -

24 12 - - - -

28 20 15 15 12 10

30 18 14 13 " -



Table 22

D i a m e t e r  o f  w e a l s  (  m m . )  i n  t h e  p a s s i v e  c u t a n e o u s  t r a n s f e r  t e s t  

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

m e r c a p t o e t a n o l  ( M . E . )  a n d  s t a n d a r d  c o n t r o l  s e r a  d i a l y s e d  a g a i n s t  

o n l y  i o d o a c e t a m i d e  a n d  p h o s p h a t e  b u f f e r e d  s a l i n e  ( P . B . S . ) .

D i l u t i o n  o f  s e r u m

J- 1 J_ _L I
I h  16 6 4  256

S t a n d a r d  s e r u m  2 4  2 0  1 5  I I

M . E .  t r e a t e d  -  -  -  -  -

s e r u m

I o d o a c e t a m i d e  2 6  2 2  1 7  1 0

c o n t  r o l

M . E .  t r e a t e d  -  -  -  -  -

s e r u m .

P . B . S .  c o n t r o l  2 9  2 4  2 0  1 2



Table 23

Diameter  o f  weals ( mm.) in th e  p as s ive  cutaneous t r a n s f e r  t e s t  

e l i c i t e d  by s o l u t i o n s  o f  th e  s tandard  serum f r a c t i o n a t e d  by th e  

a d d i t i o n  o f  ammonium s u lp h a te  to  f i n a l  c o n c e n t r a t io n s  o f  33y & 50%,

S e r u m  f r a c t i o n

+
D i l u t i o n
1

4

o f  s o l u t i o n  
1

| 6
1

6 4
1

256

P r e c  i p  i t a t e  
a t  3 3 ^  
s a t u r a t  i o n

3 0 2 7 2 0 1 0 -

S u p e r n a t a n t  
a t  3 3 j %  
s a t u r a t  i o n

- - - - -

P r e c  i p  i t a t e  
a t  5 0 %  
s a t u r a t 1 o n

3 0 2 5 1 8 1 8 -

S u p e r n a t a n t  
a t  5 0 %  
s a t u r a t 1 o n

— “ - -



A P P E N D I X  4



T h e  f o l l o w i n g  i s  a  l i s t  o f  t h e  a b b r e v i a t i o n s  u s e d  i n  

d e s c r i b i n g  t h e  h i s t o l o g y  i n  t h i s  a p p e n d i x .  E a c h  a b b r e v i a t i o n  

w i l l  b e  u s e d  o n l y  o n c e  i n  t h e  t e x t  a n d  t h e n  w i l l  b e  o m i t t e d  

o n  s u b s e q u e n t  o c c a s i o n s .

b d - b i l e  d u c t

c t - c o n n e c t i v e  t i s s u e

d p b d - d e v e l o p i n g  p s e u d o - b i l e  d u c t

d p f " d i f f u s e  p e r i p o r t a l  f i b r o s i s

e o s - e o s  i n o p h  i 1

f l — f l u k e

g i - g l o b u l e  l e u c o c y t e

h a h e p a t i c  a r t e r y

H  &  E - h a e m a t o x y l i n  a n d  e o s i n

- 1 y m p h o c y t e

m e - m a s t  c e l l

m d v - m a r g i n a l  d i s t r i b u t i n g  v e i n

o e - o e d e m a

p b d - p s e u d o - b i l e  d u c t

p c - p a r e n c h y m a l  c e l l

P P “ p e r i  p o r t a  1

p v - p o r t a l  v e i n



Pla te  I

D i f f u s e  p e r i t o n i t i s  o f  t h e  g r e a t e r  omentum in 

a f t e r  i n f e c t i o n  w i t h  500 m e t a c e r c a r i a e  o f  F. f



Plate 2

S e c t i o n  o f  t h e  smal l  i n t e s t i n e  t ak en  f rom a 

a f t e r  i n f e c t i o n  w i t h  500 m e t a c e r c a r i a e  o f  F 

t h e  r a i s e d  nodules  w i t h  ha e m or rh a g i c  c e n t r e



P l a t e  3

V i s c e r a l  a s p e c t  o f  t h e  l i v e r  f r om  a c a l f  k i l l e

w i t h  500 m e t a c e r c a r i a e  o f  F. h e p a t i c a .



%

P l a t e  4

V i s c e r a l  a s p e c t  o f  t h e  l i v e r  f r om a c a l f  k i l l e c  

w i t h  500 m e t a c e r c a r i a e  o f  F. h e p a t i c a .



Plate 5

V i s c e r a l  aspec t  o f  t he  l i v e r  f rom a c a l f  k i l l e d

w i t h  500 m e t a c e r c a r i a e  o f  F. h e p a t i c a .



Plate  6

v i s c e r a l  a s p e c t  o f  t h e  l i v e r  f rom a c a l f  k i l l e d  

w i t h  500 m e t a c e r c a r i a e  o f  F . h e p a t i c a .



P l a t e  7

V i s c e r a l  s u r f a c e  o f  t h e  l i v e r  from a c a l f  k i l l e d

w i t h  500 m e t a c e r c a r i a e  o f  F. h e p a t i c a .



P la te  8

V i s c e r a l  s u r f a c e  o f  t h e  l i v e r  t a k e n  f r o m  a ca

i n f e c t i o n  w i t h  500 m e t a c e r c a r i a e  o f  F. h e p a t i



Plate 9 .

P o r t a l  t r i a d  i n  t h e  v e n t r a l  l o b e  o f  l i v e r  f r o m  a  c a l f  

4  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  

F .  h e p a t i c a  s h o w i n g  a  b r a n c h  o f  t h e  h e p a t i c  a r t e r y  ( h a )  

b i l e  d u c t  ( b d )  a n d  a  b r a n c h  o f  t h e  p o r t a l  v e i n  ( p v ) .

T h e  p o r t a l  v e i n  s h o w s  o e d e m a  o f  t h e  m e d i a  a n d  

a d v e n t i t i a  w i t h  e o s i n o p h i l  i n f i l t r a t i o n  o f  t h e  i n t i m a .  

S t a i n T H .  &  E .  M a g n i f i c a t i o n  x  1 5 0 .

P l a t e  1 0 .

H i g h e r  m a g n i f i c a t i o n  o f  p o r t a l  v e i n  i n  p l a t e  9  

s h o w i n g  e o s i n o p h i l  ( e o )  i n f i l t r a t i o n  o f  t h e  i n t i m a  

a n d  o e d e m a  ( o e )  o f  t h e  m e d i a  a n d  a d v e n t i t i a .  

S t a i n î H .  6 -  E .  M a g n i f i c a t i o n  x  5 0 0 .
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Plate 11,

P o r t a l  t r i a d  i n  t h e  v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  

a  c a l f  4  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  

o f  F .  h e p a t i c a  s h o w i n g  b r a n c h  o f  h e p a t i c  a r t e r y ,  

b i l e  d u c t  a n d  a  b r a n c h  o f  p o r t a l  v e i n .  T h e  p o r t a l  

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

i n t i m a ,  m e d i a  a n d  a d v e n t i t i a ,

S t a i n î H .  & E ,  M a g n i f i c a t i o n  x  1 5 0

P l a t e  1 2 .

H i g h e r  m a g n i f i c a t i o n  o f  p o r t a l  v e i q  i n  p l a t e  1 1  

s h o w i n g  i n t e n s i v e  e o s i n o p h i l  i n f i l t r a t i o n  o f  t h e  

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

e n d o t h e l i  u r n .

S t a i n ; H .  &  E .  M a g n i f i c a t i o n  x  3 0 0 .
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Plate 13.

P o r t a l  t r i a d  I n  t h e  v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  

c a l f  8  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  

o f  F. h e p a t i c a  s h o w i n g  b r a n c h  o f  h e p a t i c  a r t e r y ,  b i l e  

d u c t  a n d  a  b r a n c h  o f  t h e  p o r t a l  v e i n .  T h e  i n t i m a  o f  

t h e  p o r t a l  v e i n  i s  h e a v i l y  f i b r o s e d  a n d  

r e c a n n u l a t e d .

Stain ' .H .  6- E. M a g n i f i c a t i o n  x 150.
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Plate 14.

A r e a  i n  t h e  v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  

8  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  

F .  h e p a t i c a . T h e  p e r i p o r t a l  a r e a s  ( p p )  a r e  

o b v i o u s  d u e  t o  c e l l u l a r  i n f i l t r a t i o n  a n d  n e c r o s i s  

o f  a d j a c e n t  p a r e n c h y m a l  c e l l s .

S t a i n ' H .  &  E .  M a g n i f i c a t i o n  x  5 0

P l a t e  1 5 .

H i g h e r  m a g n i f i c a t i o n  o f  a  p e r i p o r t a l  a r e a  i n  t h e  

v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  8  w e e k s  

a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  

F .  h e p a t i c a .  T h e  m a r g i n a l  d i s t r i b u t i n g  v e i n  ( m d v )  

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

T h e  a d j a c e n t  p a r e n c h y m a l  c e l l s  ( p c )  s h o w  

d e g e n e r a t i v e  c h a n g e s .

S t a i n î H .  S -  E .  M a g n i f i c a t i o n  x  5 0 0 .
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Plate 16.

A r e a  i n  t h e  v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  

8  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  

F .  h e p a t i c a .  A r e a  s u r r o u n d i n g  b r a n c h  o f  p o r t a ^ ^
'■"'il

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

l y m p h o c y t e s .  T h e  a d j a c e n t  p a r e n c h y m a l  c e l l s  s h o w  

d e g e n e r a t i v e  c h a n g e s .  I n  s o m e  a r e a s  t h e s e  a r e  

' p s e u d o - b i l e  d u c t s '  ( p b d )  a n d  a l s o  c o l u m n s  o f  

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

d e v e l o p i n g  t h e  a p p e a r a n c e  o f  ' p s e u d o - b i l e  d u c t s '  

( d p b d ) .

Stain*. H. & E. M a g n i f i c a t i o n  x 150.





Plate 17.

H i g h e r  m a g n i f i c a t i o n  o f  p e r i p o r t a l  a r e a  i n  t h e  

v e n t r a l  l o b e  o f  t h e  l i v e r  o f  a  c a l f  8  w e e k s  a f t e r  

i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a . 

C o n n e c t i v e  t i s s u e  ( c t )  c a n  b e  s e e n  t o  e n c i r c l e  

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

f o r m  ' p s e u d o - b i l e  d u c t s ' .

S t a i n ; M a i  l o r y ' s .  M a g n i f i c a t i o n  x  3 0 0 .
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Plate 18.

F u r t h e r  m a g n i f i c a t i o n  o f  p e r i p o r t a l  a r e a  i n  t h e  

v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  8  w e e k s  

a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  

F .  h e p a t i c a .  T h e  p a r e n c h y m a l  c e l l s  i n  t h e  

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

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

b y  c o n n e c t i v e  t i s s u e .

S t a i n :  M a l l o r y ' s .  M a g n i f i c a t i o n  x  5 0 0 .
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P l a t e  19 .

A r e a  i n  t h e  v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  

1 2  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  

F .  h e p a t i c a .  T h e  p e r i p o r t a l  f i b r o s i s  h a s  b e c o m e  

m o r e  s e v e r e  a n d  c o n n e c t s  a d j a c e n t  p o r t a l  a r e a s .  

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

a r e  s t i l l  o b v i o u s  i n  t h e s e  a r e a s .

S t a i n : M a i  l o r y ' s .  M a g n i f i c a t i o n  x  5 0 .

P l a t e  2 0 .

A r e a  i n  t h e  v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  

1 6  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  

F .  h e p a t i c a .  S e v e r e  d i f f u s e  p e r i p o r t a l  f i b r o s i s  

( d p f )  i s  p r e s e n t  b u t  t h e  c e l l u l a r  i n f i l t r a t i o n  a n d  

p a r e n c h y m a l  c e l l  n e c r o s i s  i n  t h e s e  a r e a s  i s  m u c h  

l e s s  o b v i o u s  t h a n  4  w e e k s  p r e v i o u s l y .

S t a i n î H .  &  E . M a g n i f i c a t i o n  x  5 0 .
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Plate 21.

A  p o r t a l  t r i a d  i n  t h e  p a r e n c h y m a  o f  t h e  v e n t r a l  l o b e  o f  

t h e  l i v e r  f r o m  a  c a l f  4  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  

m e t a c e r c a r i a e  o f  F .  h e p a t i c a .  T h e r e  a r e  n u m e r o u s  m a s t  

c e l l s  ( m e ) , i n  t h e  c o n n e c t i v e  t i s s u e  o f  t h e  t r i a d  a n d  a  

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

S t a i n :  A s t r a  b l u e / S a f r a n i n  0 . M a g n i f i c a t  i o n  X  1 5 0 .

P l a t e  2 2 .

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

l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  8  w e e k s  a f t e r  i n f e c t i o n  

w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .  N u m e r o u s  s u b -  

e p i t h e l i a l  m a s t  c e l l s  a r e  p r e s e n t .

S t a i n : A s t r a  b l u e  /  S a f r a n i n  0 .  M a g n i f i c a t i o n  x  1 5 0 .
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P l a t e  23.

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

l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  1 2  w e e k s  a f t e r  i n f e c t i o n  

w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .  N u m e r o u s  s u b -  

e p i t h e l i a l  m a s t  c e l l s  a r e  p r e s e n t .

S t a i n :  A s t r a  b l u e  /  S a f r a n i n  0 .  M a g n i f i c a t i o n  x  1 5 0 ,

P l a t e  2 4 ,

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

t h e  v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  l 6  w e e k s  a f t e r  

i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a ,  A  

p a r t  o f  a  f l u k e  ( f l )  c a n  b e  s e e n  i n  t h e  l u m e n  o f  t h e  

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

c e l l s  a r e  p r e s e n t  i n  t h e  e p i t h e l i u m .

S t a i n :  A s t r a  b l u e  /  S a f r a n i n  0 .  M a g n i f i c a t i o n  x l 5 0 .
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P l a t e  2 5 .

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

v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  2 0  w e e k s  a f t e r  

i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a .

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

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

o r  l a m i n a  p r o p r i a  o f  t h e  d u c t .

S t a i n :  A s t r a  b l u e  /  S a f r a n i n  0 ,  M a g n i f i c a t i o n  x  1 5 0 .

P l a t e  2 6 ,

A  s e c t i o n  t h r o u g h  t h e  w a l l  o f  a  l a r g e  b i l e  d u c t  i n  t h e  

p a r e n c h y m a  o f  t h e  v e n t r a l  l o b e  o f  t h e  l i v e r  f r o m  a  c a l f  

2 4  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  m e t a c e r c a r i a e  o f  

F .  h e p a t i c a .  D e s p i t e  t h e  e p i t h e l i a l  h y p e r t r o p h y  f e w  

s u b - e p i t h e l i a l  m a s t  c e l l s  a r e  p r e s e n t .

S t a i n :  A s t r a  b l u e /  S a f r a n i n  0 .  M a g n i f i c a t i o n  x  1 5 0 .
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P l a t e  2 7 .

A n  a r e a  i n  t h e  e p i t h e l i u m  a n d  l a m i n a  p r o p r i a  o f  a  

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

l o b e  f r o m  a  c a l f  2 0  w e e k s  a f t e r  i n f e c t i o n  w i t h  5 0 0  

m e t a c e r c a r i a e  o f  F .  h e p a t i c a .  N u m e r o u s  g l o b u l e  

l e u c o c y t e s  ( g l )  c a n  b e  s e e n  I n  t h e  e p i t h e l i u m  o f  t h e  

d u c t .  T h e  s u r r o u n d i n g  l a m i n a  p r o p r i a  i s  h e a v i l y  

i n f i l t r a t e d  w i t h  e o s i n o p h i l  I s ,  l y m p h o c y t e s  a n d  

p l a s m a  c e l  I s .

S t a i n :  A s t r a  b l u e  /  S a f r a n i n  0 .  M a g n i f i c a t i o n  x  3 0 0 .

P l a t e  2 8 .

A  h i g h e r  m a g n i f i c a t i o n  o f  t h e  b i l i a r y  e p i t h e l i u m  s h o w n  i n  

p l a t e  2 7 .  G l o b u l e  l e u c o c y t e s  a r e  p r e s e n t  i n  t h e  e p i t h e l i u m  

o f  t h e  d u c t .

S t a i n :  H E - E .  M a g n i f i c a t i o n  x  5 0 0 .
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P la t e  29

The v is c e ra l  surface o f  the l i v e r  from a c a l f  re 

metacercar iae of  F. hepat ica 17 weeks a f t e r  an ii 

in f e c t io n  wi th  750 metacercar iae of  F. hepat ica < 

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



Plate 30

The visceral  surface of the l i v e r  from a c a l f  treatec  

anthelmint ic  16 weeks a f t e r  an i n i t i a l  infect ion with 

metacercariae of F. hepat ica, re infected with 1,650 r 

of F. hepatica one week la t e r  and k i l l e d  30 weeks af l  

i nfect  ion.



P l a t e  3*

The v i s c e r a l  s u r f a c e  o f  th e  l i v e r  f rom a con 

weeks a f t e r  i n f e c t i o n  w i t h  750 m e ta c e r c a r i a e



P l a t e  32

t h e  v i s c e r a l  s u r f a c e  o f  t h e  l i v e r  f r om a c<

weeks a f t e r  i n f e c t i o n  w i t h  1 ,65 0  m e t a c e r c a



P l a t e  3 3 ,

S e c t i o n  t h r o u g h  a  p e r i p o r t a l  a r e a  i n  t h e  p a r e n c h y m a  o f  t h e  

l i v e r  f r o m  a  c a l f  r e i n f e c t e d  w i t h  1 , 3 0 0  m e t a c e r c a r i a e  

o f  F .  h e p a t i c a  1 3  w e e k s  a f t e r  a n  i n i t i a l  i n f e c t i o n  w i t h  

7 5 0  m e t a c e r c a r i a e  o f  F .  h e p a t i c a  a n d  k i l l e d  7  w e e k s  l a t e r ,  

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

e x i s t i n g  p e r i p o r t a l  f i b r o s i s .

S t a i n :  H & E .  M a g n i f i c a t i o n  x  1 5 0 ,

P l a t e  3 4 ,

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

i n  p l a t e  3 3 ,  T h e  p o r t a l  a r e a  i s  h e a v i l y  i n f i l t r a t e d  w i t h  

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

p a r e n c h y m a l  c e l l s .

S t a i n :  H & E .  M a g n i f i c a t i o n  x  1 5 0 .
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P l a t e  3 5 .

H i g h e r  m a g n i f i c a t i o n  o f  t h e  p e r i p o r t a l  a r e a  i n  p l a t e  3 3  

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

p r e - e x i s t i n g  f i b r o s i s  w i t h  t h e  d e g e n e r a t i o n  o f  a d j a c e n t  

p a r e n c h y m a l  c e l l s .

S t a i n :  H & E .  M a g n i f i c a t i o n  x  5 0 0 .
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P l a t e  3 6 .

A p e r i p o r t a l  a r e a  i n  t h e  pa ren c hy m a  o f  t h e  v e n t r a l  l o b e

o f  t h e  l i v e r  f r o m  a c o n t r o l  c a l f  20 weeks  a f t e r  a s i n g l e

i n f e c t i o n  w i t h  750 m e t a c e r c a r i a e  o f  F. h e p a t i c a .

There  is severe  p e r i p o r t a l  f i b r o s i s  w i t h  l i t t l e  c e l l u l a r  

i n f i l t r a t i o n  o r  parenchymal c e l l  n ecro s is  .

S t a i n :  H & E .  M a g n i f i c a t i o n  x  3 0 0 ,

P l a t e  3 7 .

A  p e r i p o r t a l  a r e a  i n  t h e  p a r e n c h y m a  o f  t h e  v e n t r a l  l o b e  

o f  a  c o n t r o l  c a l f  7  w e e k s  a f t e r  i n f e c t i o n  w i t h  1 , 3 0 0  

m e t a c e r c a r i a e  o f  F .  h e p a t i c a .  T h e r e  i s  p a r e n c h y m a l  

c e l l  n e c r o s i s  a n  e o s i n o p h i l l  i n f i l t r a t i o n  i n  t h i s  a r e a .  

L i t t l e  p e r i p o r t a l  f i b r o s i s  h a s  d e v e l o p e d .

S t a i n ;  H & E .  M a g n i f i c a t i o n  x  1 5 0 ,
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