
6. Conclusion

T h e  p r o c e d u r e s  for t h e  p a s s a g e  a n d  p r o p a g a t i o n  of f o u r  f i s h  c e i l  

l i n e s  w e r e  e s t a b l i s h e d .  T h e  c e l l  l i n e s  m o s t  s u i t e d  for t h e  

i s o l a t i o n  of v i i u s e s  f r o m  t r o u t  in S o u t h  A f r i c a  a r e  t h e  B F 2  a n d  

F.TG2 c e l l s .  T h i s  w as b a s e d  o n  a v e r a g e  i n c u b a t i o n  p e r i o d s  f or t h e  

c e l l s  to r e a c h  1 0 0 %  c o n f l u e n c y ,  as w e l l  as s u s t a i n e d  

s u s c e p t i b i l i t y  to t h e  v i r u s e s  a n d  i n c u b a t i o n  p e r i o d s  n e e d e d  for 

t h e  v i r u s e s  to p r o d u c e  C PE. At firs t ,  t h e  F H M  c e l l  l i n e  h a d  a ll 

t h e  a t t r i b u t e s  w h i c h  w o u l d  m a k e  it o n e  o f  t h e  l i n e s  of c h o i c e .  It 

was, h o w e v e r ,  d i s c o v e r e d  t h a t  t h i s  c e l l  l i n e  i n e x p l i c a b l y  l o s t  

its s u s c e p t i b i l i t y  to t h e  v i r u s e s .  T h i s  l o s s  of s u s c e p t i b i l i t y  

c o u l d  n ot be a t t r i b u t e d  to a n y  c h a n g e s  in  c u l t u r e  c o n d i t i o n s ,  

e q u i p m e n t ,  ««t< r i a l *  or p a s s a g e  n u m b e r  of t h e  c u l t u r e s .  A l t h o u g h  

it is k n o w n  t h a t  F H M  is r e f r a c t o r y  to s o m e  s e r o t y p e s  o f  I PN 

v i r u s ,  it was f o u n d  tha t  n o n e  of t h e  s e r o t y p e s  of I P N  v i r u s ,  I H N  

v i r u s  or  V H S  v i r u s  w o u l d  g r o w  o n  t h i s  c e l l  l i n e  o n c e  it h ad l o s t  

its s u s c e p t i b i l i t y .  N o  e x p l a n a t i o n  c o u l d  be s u p p l i e d  by o t h e r  

l a b o r a t o r i e s  w o r k i n g  w i t h  t h e  F H M  c e l l s  w h e n  a p p r o a c h e d .  Tt w a s  

a l s o  n o t e d  t hat t he BF 2  c e l l s  b e g a n  to d e t a c h  a n d  d e g e n e r a t e  

a f t e r  a b o u t  1* d a y s  of I n c u b a t i o n .  T h i s  d i d  not p o s e  a p r o b l e m  as 

t h e  v i r u s e s  n r r m a l l y  s h o w e d  C P E  a f t e r  a b o u t  t h r e e  to  f o u r  d a y s  

p o s t  I n o c u l a t i o n .  Thi s  w as, h o w e v e r  p r o b l e m a t i c  w h e n  a t t e m p t i n g  

to  i s o l a t e  v i r u s  f r o m  fish. It w a s  r e c o m m e n d e d  ( M c D a i n a l ,  1975; 

<'mos, 1985) tha*: s a m p l e s  b e  i n o c u l a t e d  f o r  14 d a y s ,  f o l l o w e d  by 

b l i n d  p a s s a g e  a n d  a n o t h e r  1 4  d a y s  i n c u b a t i o n .  T h e  B F 2  c e l l s  w e r e  

f o u n d  to  s t a r t  d e t a c h i n g  b e f o r e  t h e  e n d  o f  t h e  i n c u b a t i o n  p e r i o d .  

T h e  i n c o r p o r a t i o n  of n e g a t i v e  c o r t r r l  w e l l s  In t he 24 w e l l  p l a t e s  

wa s  i m p e r a t i v e  to p r e v e n t  r e : o r d i n g  of  f a l s e  p o s i t i v e s  w h i c h  w e r e  

in e f f e c t  d e g e n e r a t i n g  B F 2  c e l l s .  T h i s  p r o b l e m  w as n ot 

e n c o u n t e r e d  w i t h  t h e  o t h e r  c e l l  lines. Hil.1 ( 1 9 76a) r e c o m m e n d e d  

t h a t  c e l l s  be i n c u b a t e d  f o r  7 d a y r  f o l l o w e d  by a b l i n d  p a s s a g e  

a n d  i n c u b a t i o n  for an a d d i t i o n a l  7 c.'ays. D u r i n g  1986, it w a s  

d e c i d e d  to r e d u c e  t h e  i n c u b a t i o n  p e r i o d  to  7 d a y s  as u s e d  by  H i l l  

( 1 9 7 6 a )  a nd no f u r t h e r  p r o b l e m s  w e r e  e n c o u n t e r e d  u s i n g  t h e  B F 2  

c e l l s  f or t he i s o l a t i o n  of v i r u s e s  f r o m  fish.

S a m p l e s  of  f i s h  c e l l  l i n e s  w e r e  a l s o  b u c c e s s f u l l y  f r u z e n  in 

l i q u i d  n i t r o g e n  for p e r i o d s  v a r y i n g  f r o m  2 w e e k s  to 2 y e a r s  a nd 

r e c o n s t i t u t e d .  S a m p l e s  of v i r u s e s  w e r e  a l s o  s u c c e s s f u l l y  s t o r e d  

a n d  r e c o n s t i t u t e d .  T h e  d i f f e r e n t  s e r o t y p e s  of IP N  v i r u s  c o u l d  be 

s t o r e d  by a d d i t i o n  of 5 0 3  g l y c e r o l ,  f r e e z i n g  at - 2 0 C  o r  in l i q u i d  

n i t r o g e n ,  or by f r e e z e  d r y i n g .  S a m p l e s  o f  t h e  o t h e r  v i r u s e s  w e r e  

s u c c e s s f u l l y  s t o r e d  by f r e e z i n g  or  f r e e z e  d r y i n g .  T h e y  d i d  n o t  

s u r v i v e  in 5 0$ g l y c e r o l .

T h e  p r o c e d u r e s  for t he s e r o l o g i c a l  I d e n t i f i c a t i o n  of  v i r u s e s  f r o m  

t r o u t  w e r e  e s t a b l i s h e d .  It w as f o u n d  f r o m  s e n s i t i v i t y  an d  

•specificity s t u d i e s  t h a t  t h e  m e t h o d  o f  c h o i c e  w a s  t h e  s e r u m  

n e u t r a l i z a t i o n  test. B o t h  t h e  i n d i r e c t  f l u o r e s c e n t  a n t i b o d y  

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

to i n t e r p r e t  d u e  to n o n - s p e c i f i c  s t a i n i n g .  It w a s  f o u n d  t h a t



t h e  V R 2 9 9 , Ab  a n d  S p  s e r o t y p e s  of  IPN v i r u s  p o s s e s s  s u f f i c i e n t  

c o m m o n  a n t i g e n s  to m a k e  s p e c i f i c  i d e n t i f i c a t i o n  u s i n g  I F A T  v e r y  

d i f f i c u l c .  H i l l  (1976) a n d  A m o s  (1985) r e c o m m e n d e d  t h e  u s e  of 

b o t h  s e r u m  n e u t r a l i r a t i o n  a n d  I P A T  for s e r o l o g i c a l  i d e n t i f i c a t i o n  

a n d  for t h i s  r e a s o n ,  I F AT w a s  c a r r i e d  o u t  o n  v i r u s e s  I s o l a t e d  in 

S o u t h  A f r i c a .

A r e c e n t l y  d e v e l o p e d  t e c h n i q u e  ( V I B C A ) ,  a l t h o u g h  h a v i n g  t h e  

a d v a n t a g e  of b e i n g  v e r y  r a p i d ,  w a s  n o t  v e r y  s e n s i t i v e  an d  

r e q u i r e d  h i g h  v i r u s  t i t r e s  to b e  s u c c e s s f u l .

To  a l l e v i a t e  t h e  p r o b l e m  of t h e  s u b j e c t i v i t y  of I F A T  an d  

i m a u n o p e r o x i d a s e  a s s a y ,  d u e  to n o n - s p e c i f i c  s t a i n i n g .  a n e w  

t e c h n i q u e  w as d e v e l o p e d  T h i s  t e c h n i q u e  war. b a s e d  o n  t h e  fac t  

t h a t  P r o t e i n  A, p r o d u c e d  in t h e  c e l l  m e m b r a n e  of S^. a u r e u s  C o w a n  

s t r a i n  A. t i n d s  IgG in s u c h  a w a y  t hat t h e  a n t i g e n  b i n d i n g  s i t e s  

a r e  u n a f f e c t e d  T h us, a t e c h n i q u e ,  b a s e d  o n  t h e  p r i n c i p l e s  of 

IF Al war e s t a b l i s h e d  H . w e v e r ,  in thi s  c a s e ,  t h e  i n d i c a t o r ,  b e i n g  

a b a c t e r i u m  w h i c h  i? e a s i l y  v i s u a l i z e d ,  c o u l d  be c o u n t e d ,  thu s  

p r o v i d i n g  t a n g i b l e  q u a n t i f i  ti n  o f  t h e  n o n - s p e c i f i c  r e a c t i o n s .  

T h i s  t e c h n i q u e  w a s  t e r m e d  *I m m u n o s t a p n y l o c i < r c u » - P r o t e i n - A  test'. 

As w i t h  f l u o r e s c e n t  ant'.b iy t e c h n i q u e s ,  t h e r e  is a d i r e c t  a nd an 

llroct m e t h o d  of d o i n g  I5FA. In t h e  c a s e  of d i r e c t  ISPA, v i r u s  

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

i n c u b a t i n g  t he r a c t e r i a  w i t h  t h e  a n t i b o d i e s .

T h e  f i n a l  a nd m o s t  i m p o r t a n t  i p e  t of t h i s  w o r k  was to a t t e m p t  

to  is l a t e  v i r u s e s  f r o m  r a i n b o w  t r out in S o u t h  A f r i c a .  D u r i n g

1985, a V i r u s  w as i s o l a t e d  f r o m  a f a r m  in t h a  E a s t e r n  T r a n s v a a l  

f r o m  f i s h  imp r t e d  f r o r  D e n m a r k .  T h e  v i r u s  wa s  s e r o l o g i c a l l y  

i d e n t i f i e d  as the V F - i *  s e r o t y p e  w h i c h  is u n k n o w n  in E u r o p e .  U p o n  

f u rther i n v e s t i g a t o r  it w i s  f o u n d  t h a t  o v a  w e r e  i m p o r t e d  o n t o  

this s i t e  i r ■ th< ind ll u l d  b e  i s o l a t e d  f r o m  t h e s e

f i s h  N e u t r a l i z i n g  a n t i b o d i e s  w e r e  d e t e . t e d  in t h e  s e r u m  

11>- ted fro m  t o t h  t h e  D a n i s h  a n d  A m e r i c a n  i m p o r t s .  IP N  V R 2 9 9  

v i r u s  w a s  i s o l a t e d  a g a i n  in 1985, t h i s  t i m e  f r o m  a c o n s i g n m e n t  of 

:va i m p o r t e d  f r o m  t h e  USA. A ll i m p o r t a t i o n s  f rom the U S A  w e r e  

s t o p p e d  at t h i s  s t a g e .

D u r i n g  1986, I PN V R 2 9 9  v i r u s  w a s  i s o l a t e d  f r o m  f o u r  s i t e s  d u r i n g  

r o u t i n e  m o n i t o r i n g  All of t h e s e  s i t e s ,  e x c e p t  o n e  h a d  a h i s t o r y  

of ova i m p o r t s  f r o m  t h e  s a m e  s i t e  in t h e  USA. U p  to t h i s  s t a g e ,  

n o  m r t a l i t i e s  h ad b e e n  a s s o c i a t e d  w i t h  IPN. f c a s e  of h i g h  

in f i n g e r l i n g s  w a s  i n v e s t i g a t e d  a nd IPN v i r u s  w as 

i s o l a t e d .  Aer - m :r,3; sa I m cni . Ida . a k n o w n  p a t h o g s n  of fish, was 

a l s o  I s o l a t e d  a nd t h e  m o r t a l i t i e s  w e r e  a t t r i b u t e d  to t h e  

b a c t e r i a l  i n f e c t i o n .  T h e s e  f i n g e r l i n g s  h a d  o r i g i n a t e d  f r o m  o va 

I m p o r t e d  f r o m  t he U S A  in 1985.

A s u r v e y  of f i n g e r l i n g s  p r o d u c e d  for s a l e  w a s  u n d e r t a k e n ,  a n d  IPN 

V R 2 9 9  v i r u s  wa s  i s o l a t e d  f r o m  s e v e n  s i t e s ,  o n e  of w h i c h  h ad b e e n



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

o r i g i n a l  i s o l a t i o n .  N e u t r a l i z i n g  a n t i b o d i e s  w e r e  d e t e c t e d  in t h e  

s e r u m  f r o m  f i s h  f r o m  t w o  s i t e s ,  t h e  r e m a i n i n g  f i v e  s i t e s  d i d  not 

s u b m i t  s e r u m  for t e s t i n g .

T h e  f a c t  t h a t  IPN V R 2 9 9  v i r u s  w a s  i s o l a t e d  f r o m  s i t e s  in S o u t h  

A f r i c a ,  a n d  a n t i b o d i e s  w e r e  f o u n d  in t h e  s e r u m  of  f i s h  f r o m  

s i t e s  r h e r e  t h e  v i r u s  w a s  i s o l a t e d  is c o n c l u s i v e  e v i d e n c e  tha t  

IPN v i r u s  o c c u r s  in S o u t h  A f r i c a .

T h e  v i r u s  w h i c h  w.is i s o l a t e d  w a s  t h e  V R 2 9 9  s e r o t y p e ,  w h i c h  is a 

N o r t h  A m e r i c a n  s e r o t y p e ,  a n d  a s i m i l a r  v i r u s  w a s  i s o l a t e d  f r o m  

o v a  i m p o r t e d  f r o m  a s i t e  in t h e  USA. All, b ut o n e  s i t e  h ad 

i m p o r t e d  o v a  fro m  t h i s  s i t e  in t h e  USA. T h e s e  f a c t s  i n d i c a t e  t h a t  

t h e  v i r u s  was i n t r o d u c e d  i n t o  S o u t h  A f r i c a  v'.a i n f e c t e d  t r o u t  

o v a  i m p o r t e d  f r o m  t h e  USA.



9 2

e. R E F E R E N C E S

A d a i r ,  B .M . A H.W. F e r g u s o n .  1981. I s o l a t i o n  of  i n f e c t i o u s  

p a n c r e a t i c  n e c r o s i s  (IPN) v i r u s  f r o m  n o n - s a l m o n i d  fish. 

J o u r n a l  o f  F i s h  D i s e a s e s .  4: 6 9 - 7 6 .

A g i u s ,  1982. V i r a l  d i s e a s e s  of W a r m  W a t e r  Fish. In: R o b e r t s ,

R.J. (ed). M i c r o b i a l  D i s e a s e s  of F i sh. A c a d e m i c  Fress.

A g i u s . C . , H. M s n g u n w l r v  R H. J o h n s o n  & D .A . S m a l l ,  1962. A 

m o r e  s e n s i t i v e  t e c h n i q u e  for i s o l a t i n g  i n f e c t i o u s  p a n c r e a t i c  

n e c r o s i s  v i r u s  f rom a s y m p t o m a t i c  c a r r i e r  r a i n b o w  t r out, 

5a In :■ ej. , d n >?n R i c h a r d s o n .  J o u r n a l  of F i s h  D i s e a s e s .  5: 

*8 5 - 29..

A g i u s ,  C., A. R i c h a r d s o n  A w. W a l k e r ,  1983. F u r t h e r  o b s e r v a t i o n !  

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

p ncreati-. n e c r o s i s  v i r u s  f r o m  a s y m p t o m a t i c  c a r r i e r  r a i n b o w  

t r o u t ,  - - g a l r  dr.cTi R c h a r c s o n .  J o u r n a l  of F i s h  D i s e a s e s .

6 :  « 7 7 - t?0 .

A h n e .  W. A L. T h o m s e n ,  1985. O c c u r r e n c e  of  V H S  v i r u s  in w i l d  

w h i t e  f i s h  (Coreeonu?. sp.). Z e n t r a l b l a t t  fur V e t e r i n a r -  

mc-dizin E . 32: 73-75.

ATiend, D . F . ,  197*. i n f e c t i o u s  h e m e t o p o i e t i c  n e c r o s i s  (IHN) v i r u s  

d i s e a s e .  F i s h  D i s e a s e  L e a f l e t  N o  39. U.S. D e pt, of  t h e  

I n t e r i o r ,  F i s h  a n d  W i l d l i f e  S e r v i c e .

A m e n d ,  D F. A V.C. C h a m b e r s ,  1970. M o r p h o l o g y  of  c e r t a i n  v i r u s e s  

of s a l m o n i d  f i s hes. I. In v i t r o  s t u d i e s  cf s o m e  v i r u s e s  

c a u s i n g  h e m a t o p o i e t i c  n e c r o s i s .  J o u r n a l  of  t h e  F i s h e r i e s  

R e s e a r c h  E o a r d  of  C a n a d a .  27: 1 2 8 5 - 1 2 9 5 .

A m e n d .  D.F. A J.P. P i e t s c h ,  1972. A n  i m p r o v e d  m e t h o d  for 

i s o l a t i n g  v i r u s e s  f r o m  a s y m p t o r i t i c  c a r r i e r  fish. 

T r a n s a c t i o n s  of  t h e  A m e r i c a n  F i s h e r i e s  S o c i e t y .  101: 2 6 7 -  

269.

A m e n d ,  D.F. A G W e d e m e y e r , 1970. A p p r o v e d  p r o c e d u r e  for 

d e t e r m i n i n g  a b s e n c e  of i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  (IPN) 

v i r u s  in c e r t a i n  f i s h  an d  f i s h  p r o d u c t s .  F i s h  D i s e a s e  

L e a f l e t  27. U.S. Dept. of t h e  I n t e r i o r ,  F i s h  a n d  W i l d l i f e



S e r v i c e .

A m e n d ,  D . F . ,  W.T. Y a s u t a k e  & R.W. M e a d ,  1969. A h e m a t o p o i e t i c  

v i r u s  d i s e a s e  of r a i n b o w  t r o u t  a nd s o c k e y e  s a l m o n .  T r a n s ­

a c t i o n s  of t h e  A m e r i c a n  F i s h e r i e s  S o c i e t y .  98: 7 9 6 - 8 0 4 .

Am n s , K . H . ,  1985. P r o c e d u r e s  for t h e  d e t e c t i o n  a n d  i d e n t i f i c a t i o n  

of  c e r t a i n  f i s h  p a t h o g e n s .  F i s h  H e a l t h  S e c t i o n .  A m e r i c a n  

F i s h e r i e s  S o c i e t y .

Ball, H . J . ,  A.L. S .  M u n r o ,  A. E l l i s ,  K . G . R .  Elso n ,  W. H o d g k i s s  &

I.S. M c F a r l a n e ,  1971. I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  in 

r a i n b o w  t r o u t  in S c o t l a n d .  N a t u r e ,  234: 4 1 7 - 4 1 8 .

E e c s e .  P., & P. d e  K i n k e l i n ,  19tS. S u r  1 ' e x i s t e n c e  e n  F r a n c e  de  

la n e c r o s e  p a n c r e a t i q u e  d e  la t r u i t e  a r c - e n - o i e l  (S a l m o  

t. -t i r ir.er:) B u l l e t i n  d e  l ' A c a d e m i e  V e t e r i n a i r e .  38: 1 8 5 - 1 9 0 .

B i l l i .  J.L. 4 K. W o lf, 1969. Q u a n t i t a t i v e  c o m p a r i s o n  o f  t h e  

p e r i t o n e a l  w a s h e s  a n d  f a e c e s  for d e t e c t i n g  i n f e c t i o u s  

p a n c r e a t i c  n e . r o s i s  (IPN) v i r u s  in c a r r i e r  brook, trou t .  

J o u r n a l  of th e  F i s h e r i e s  R e s e a r c h  B o a r d  of C a n a d a .  26: 1 4 5 9 -  

1465.

Eona.ni, J.R., F. C o u s n e r a n s ,  M. W e p p e  & B.J. H i ll, 1983. 

M o r t a l i t i e s  in h a t c h e r y - r e a r e d  s ea b a s s  f ry a s s o c i a t e d  w i t h  

a b i r n a v i r u s  B u l l e t i n  of t h e  E u r o p e a n  Associati-j.i of  F i s h  

P a t h o l o g i s t s . 3: 41.

B o vo, G ., G. G i o r g e t t i ,  P .E .V e s t e r g a r d - J o r g e n s e n  & N.J. O l e s e n ,  

I n f e c t i o u s  h a e m a t o p o i e t i c  n e c r o s i s :  F i r s t  d e t e c t i o n  in 

I t a l y .  B u l l e t i n  cf t h e  E u r o p e a n  A s s o c i a t i o n  o f  F i s h  

P a t h o l o g i s t s . 7: 124.

B c w f e r , P.R., J.A. P l u m b ,  1980. G r o w t h  r a t e s  of a n e w  c e l l  l i n e  

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

r e p l i c a t i o n  at d i f f e r e n t  t e m p e r a t u r e s .  C a n a d i a n  J o u r n a l  of 

F i a h e r i e s  a nd A q u a t i c  S c i e n c e s .  37: 8 7 1 - 8 7 3 .

B r a g g ,  R.R. A M.E. C o m b r i n k ,  1987a. I s o l a t i o n  a nd i d e n t i f i c a t i o n  

of . n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  (IPN) v i r u s  f r n m  r a i n b o w  

t r o u t  in S o u t h  A f r i c a .  B u l l e t i n  of t h e  E u r o p e a n  A s s o c i a t i o n  

of F i s h  P a t h o l o g i s t s .  7: 1 1 8 - 1 1 9 .



B r agg, R.K. 4 M.E. C o m b r i n k ,  1 9 97b. I m n i u n o s t a p h y l o c o c c u s - p r o t e i n -  

A (ISPA) t est tor t h e  i d e n t i f i c a t i o n  of  i n f e c t i o u s  

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

v i r u s .  B u l l e t i n  of  t h e  E u r o p e a n  A s s o c i a t i o n  of F i s h  

P a t h o l o g i s t s .  >• 32 - 3*.

B r a u n - N e s j e ,  " p l a n  4 R . S e l j e l i d ,  1982. R a i n b o w  t r o u t

m a w T O F h t  : M o r p h o l o g y  a n d  p h a g o c y t i c  a c t i v i t y .

D e v e l o p  r a t i v e  I m m u n o l o g y .  6: 2 8 1 - 2 9 1 .

Bulloc'*, G . L . ,  R.R. trucker, D. A m e n d ,  K. W o l f  4 H.M. S t u c K e y ,  

19/o. I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s :  t r a n s m i s s i o n  w i t h  

i o d i n e - t r e a t e d  a n d  n o n - t r e a t e d  e g g s  of b r o o k  t r o u t  

(S a l v i r . ’-i3 f c n t l n a l i s  i . J o u r n a l  of  t h e  F i s h e r i e s  R e s e a r c h  

B o a r d  of C a n a d a .  3 ’.- 1 1 C 7 - 1 1 9 8 .

C a s s i s ,  J . 19K- f. Immune 1 : g ical t e c h n i q u e s  for a n i m a l  v i r u s e s .  

M e t h o d s  in V i r o l o g y .  3. 1 1 3 - 1 9 8 .

C a s t r i c .  j. 4 P . d e  K i n k e l i n ,  158*4. E x p e r i m e n t a l  s t u d i e s  o n  t h e  

s u s c e p t i b i l i t y  of t w o  m a r i n e  f i s h  s p e c i e s ,  s e a  b a s s  a nd 

t u r b o t ,  to v i r a l  haemorr ^ g i c  s e p t i c a e m i a .  A q u a c u l t u r e ,

41; 2 0 3 - 2 1 2 .

C a s w e l l - P e n o ,  P.. P.w. R e n o  4 B.L. N i c h o l s o n ,  1986. M o n o c l o n a l  

a n t i b o d i e s  t i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s :  A n a l y s i s  

of v i r a l  e p i t o p e s  a n d  com, t is- n o f  d i f f e r e n t  i s o l a t e ? .  

J o u r n a l  of G e n e r a l  V i r o l o g y .  67: 2 1 9 3 - 2 2 0 5 .

C e r i n i ,  C P .  4 R.G. M a l s b e r g e r ,  1962. F i s h  c e l l  a n d  t i s s u e  

c u l t u r e .  In.- Hoar, W.S. & D. J. R a n d e l l  ( e d . ) . F i s h  

P h y s i o l o g y .  V ol 3, 1969, pp  2 5 3 - 3 0 1 .

C h a n g ,  N., R.D. M a c D o n a l d  & T. Y a m a m o t o ,  1978. P u r i f i c a t i o n  of 

i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u n  a n d  c o m p a r i s o n  of p o l y ­

p e p t i d e  c o m p o s i t i o n  of d i f f e r e n t  i s o l a t e s .  C a n a d i a n  J o u r n a l

of  Mi r o b i o l o g y .  24: 19-27.

C h e n ,  S . N . ,  Y. Ueno, S.C. W e n  & G . H .  K o u , 1983. E s t a b l i s h m e n t  of 

a c e l l  l i n e  f r o m  k i d n e y  of t i l a p i a .  B u l l e t i n  of  t h e  E u r o p e a n  

A s s o c i a t i o n  of  F i s h  P a t h o l o g i s t s .  3: 1-4.



C o h e n ,  A., A. Colligat'd & R. S c h e r r e r  1973. P h y s i c o - c h e m i c a l  

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

p a n c r e a t i c  necrosi.s v i r u s .  J o u r n a l  o f  G e n e r a l  V i r o l o g y .  21: 

* 6 5 - 4 9 8 .

d e  K i n k e l < n ,  P., 1982. V i r a l  h a e m o r r h a g i c  s e p t i c a e m i a .  In: 

A n d e r s o n ,  D . P., D o r s o n ,  M. & D u b o u r g e t ,  P.H. (eds.). 

A n t i g e n s  of f i s h  p a t h o g e n s .  C o l l e c t i o n  F o u n d a t i o n  M a r c e l  

M e r i e u x  pp 51-6 2 .

d e  K i n k e l i n ,  P. .*« J. C a s t r i c ,  1982. An  e x p e r i n  nta l  s t u d y  of t h e  

£ ;; e p t i b i l i t y  cf  A t l a n t i c  s a l m o n  f r y  S a l m o  s a l a r ) to 

v l - » l  h a e m o r r h a g i c  s e p t i c a e m i a .  J o u r n a l  of  F i s h  D i s e a s e s .  5: 

S,

d e  Kir.kelin, F I . .h.rrer, 1970. L e  v i r u s  d ' E g t v e d .  I.

S t a b i l i t e ,  d e v e l  ppeitv.t et s t r u c t u r e  d e  la s o u c h e  d a n o i s e  

FI. A n n a l e s  d e  R e c h e r c h e s  V e t e r i n a i r e s . 1: 17-30.

D i x o n ,  P.F. 4 E . J  H i ll, 1983. Flapid d e t e c t i o n  of  i n f e c t i o u s

p a n c r e a t i c  n e c r o s i s  v i r u s  (IPNV) by t h e  e n z y m e - l i n k ~ ..

i m m u n o s o r t e n t  a s s a y  (ELISA). J o u r n a l  of G e n e r a l  V i r o l o g y .  

64; 3 2 1 - 3 3 0 .

D o b o a ,  P., 1976. S i z e  a n d  s t r u c t u r e  o f  t h e  g t p o m e  of  i n f e c t i o u s  

p a n c r e a t i c  n e c r o s i s  v i r u s .  N u c l e i c  a^.id R e s e a r c h .  3: 1 9 0 3 -  

1924

D o b o s , P., R . H a l l e t t ,  D . T . C .  K e l l s ,  O. S o r e n s e n  & D. R o w e  

1*77. B i o p h y s i c a l  s t u d i e s  of  i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  

v i r u s .  J o u r n a l  of V i r o l o g y .  22: 1 5 0 - 1 5 9 .

D o b o s .  P., B.J. Hill, R. Hal l e t . D T.C. K e l l s ,  H. B e c h t  & D. 

T e n i n g e s ,  1979. B i o p h y s i c a l  a n d  b i o c h e m i c a l  c h a r a t e r i z a t i o n  

o f  f i v e  a n i m a l  v i r r s e s  w i t h  b i s e g m o n t e d  d o u b l e - s t r a n d e d  R N A  

g e n o m e s .  J o u r n a l  of  V i r o l o g y .  32: 593-t>05.

D o r s o n ,  M., 1982. I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  of s a l m o n i d s • 

O v e r v i e w  of c u r r e n t  p r o b l e m s .  In: A n d e r s o n ,  D.P., D o r s o n ,  M. 

A D u b o u r g t c ,  P.H. (eds). A n t i g e n s  of  F i s h  P a t h o g e n s .  

C o l l e c t i o n  F o u n d a t i o n  M a r c e l  M e r i e u x .  pp  7-32.



D o r s o r , M. A P. d e  K i n k e l i n ,  1974. N e c r o s e  p a n c r e e t i q u e

i n f e c  .ieuse a e s  s a l m o n i d e s :  e x i s t e n c e  d a n s  le s e r u m  d e

t r u i t e s  i n d e m n e s  d' u n e  m o l e c u l e  6 S n e u t r a l i s a n t

s p e c i f i q u e m e n t  le v i r u s .  C o m p l e s  r e n d u s  d e  1' A c a d e m i c  d e s

S c i e n c e  D. 278: 7 8 5 - 7 8 8 .

F l a r h a r y ,  M . A . S . Y . ,  A. L a g a c e ,  0. C o u s i n e a u ,  R.S. Roy, L 

Bttrthiaur.e. R. P a u l h u s  & J.L. F r e c h e t t e ,  1976. O u t b r e a k  of 

i n f e c t i o u s  p a n  r e a t i c  ner.rosis in y e a r l i n g  b r o o k  t r o u t  (Sal -  

v e l i n u s  f . n t l n a 1 i s ,. J o u r n a ]  of  t h e  F i s h e r i e s  R e s e a r c h  B o a r d

of C a n a d a  33 2 6 2 1 - 2 6 2 5 .

Evans, V.J., H I '  t e : . a ,  J.C. B r y a n t ,  E.L. c h i l l i n g  & J.E.

Shanr..n, l ~ Re- e v e r y  fi : 1 i q uid-nitroger. ’. e m p e r a t u r e s  o r 

es * tl .. :.eJ c «_• 11 l i n e s  f r : c e n  ir c h e m i c a l l y  d e f i n e d  m e d i u m .

J o u r n a l  of t he N a t i o n a l  C a n c e r  Iristitute. 2 4 9 - 7 5 7 .

Fija n ,  N N A G  C i o r g e t t i ,  19?Q. I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s :  

I s o l a t i o n  of v i r u s  f ro m  e y e d  ^ g g s  of r a i n b o w  t r o u t  Salrno 

r a i r  i : >:• r 1 R i : h a r d s o n  J o u r n a l  of F i s h  D i s e a s e s .  1: 2 6 9 - 2 7 0 .

F i n l a y ,  J. A B . ’. H i l l  1975. T h e  u s e  of  t h e  c o m p l e m e n t  f i x a t i o n  

t e s t  for r a p i d  t y p i n g  of i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  

v i r u s .  A q u a c u l t u r e .  5: 3 0 5 - 3 1 0 .

G r a v e l l ,  M. A R.G. K a l s D e r g e r ,  1965. A p e r m a n e n t  c e l l  l i n e  

f r o m  t h e  f a t k.ead m i n n o w  i Pimeohale.q r r c - 'elas) . A n n a l s  of 

t h e  N o w  York A c a d e m y  o f  S c i e n c e .  126: 5 5 5 - 5 6 5

H e d r i c k .  P.P.. W.D. E a t o n .  J.L. F r yer, Y.C. Hah. J.W. P a r k  A S.W. 

Ho ng. 1965. B i o c h e m i c a l  a n d  s e r o l o g i c a l  p r o p e r t i e s  o f  b i r n a -  

v i r u s e s  i s o l a t e d  f r o m  f i s h  in K o r e a .  F i s h  P a t h o l o g y .  20: 

* 6 3 - 4 6 8 .

H e d r i c k .  R P., J.L. F r y e r ,  S.N. C h e n  A G.H. K o u , 1983. 

C h a r a c t e r i s t i c s  of f o u r  b i r n a v i r u s e s  i s o l a t e d  f r o m  f i s h  in 

T a i w a n .  F i s h  P a t h o l o g y .  18: 9 1 -97.

Hill, B.J., 1976a. P r o c e d u r e s  f or t h e  i s o l a t i o n  and i d e n t i f i c a ­

t i o n  of IPN, VHS, I H N  an d  S V C  v i r u s e s  f r o m  d i s e a s e d  fish. 

F i s h e r i e s  R e s e a r c h  T e c h n i c a l  R e p o r t .  M i n i s t r y  of 

A g r i c u l t u r e .  F i s h e r i e s  a n d  Foo c  D i r e c t o r a t e  of  F i s h e r i e s  

R e s e a r c h .



H i l l ,  B.J. 1976b. P r o p e r t i e s  of a v i r u s  I s o l a t e d  f r o m  ' “ie b i v a l v e  

m o l l u s c  T o 1 1 i n a teivi is M a C o s t a ) .  In: P a ge, (ed) W i l d l i f e  

D i s e a s e s .  P l e n u m  P r e s s ,  n e w  Y o rk, L o n d o n ,  p p  4 4 5 - 4 5 2

H i l l ,  B.J. 1902. I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  a nd its 

v i r u l e n c e .  In.- R.J. R o b e r t s  (ed). M i c r o b i a l  d i s e a s e s  of 

fish. A c a d e m i c  Press.

H i ll, B.J., P.F. W i l l i a m s  & J . F i n l a y ,  1981. P r e p a r a t i o n  of  a n t i ­

s e r a  a g a i n s t  f i s h  v i r u s  d i s e a s e  a g e n t - .  D e v e l o p m e n t s  in 

B i o l o g i c a l  S t a n d a r d i z a t i o n . F i s h  Biologies.- S e r o d i a b n o s t i c s  

a n d  V a c c i n e s .  49; 2 0 9 - 2 1 8 .

Hi ll, B ' . 5.0. U n d e r w o o d ,  C.J. S m a l e  & C.F. B r o w n  1975. 

f h y e i .  c h e m i c a l  a n d  s e r o l o g i c a l  c h a r a c t e r i z a t i o n  of f i v e  

r h a b :  i n f e : t i n g  f i s h  J o u r n a l  of  G e n e r a l  V i r o l o g y .

27: 3 6 9 - 3 'e.

Hodnichftk, C M . .  E. T ; r i e y - £ h o g e r , J.G. M o h a n t y  & K.S. R o s e n t h a l ,  

198 *  V : sualir/i* ior o f  h e r p e s  s i m p l e x  v i r u s  t y p e  1 a t t a c h ­

m e n t  t: • » r ?et c e ^ l s  ..sing S t a r h’/lc c o c c u s  a u r e u s  as a 

m o r p h o l o g i c  t i g  J o u r n a l  of V i r o l o g i c a l  M e t h o d s .  8: 1 9 1 - 1 9 8 .

H o r l y c k ,  V., S. M e l l e r g a r d ,  1. D a l s g a a r d  & P.E. V e s t e r g a r d -  

J o r g e n s e n ,  1984. O c c u r r e n c e  of V H S  in D a n i s h  m a r i c u l t u r e d  

rairibcw trout B u l l e t i n  of t h e  E u r o p e a n  A s s o c i a t i o n  of  F i s h  

P a t h o l o g i s t s ,  u. 11-13.

Hey, W . W . ,  1916. T r o u t  F i s h i n g  in S o u t h  A f r i c a .  S . A . R a i l w a y s  

P u b l i s h e r s .

H u d s o n ,  E.B., D. E u c k e  & A. F o r r e s t ,  1981: I s o l a t i o n  of  

i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  f r o m  e e l s ,  Ar,*:ul1 la 

a n g u i 11 a . in t h e  U n i t e d  K i n g d o m .  J o u r n a l  o f  F i s h  D i s e a s e s .  

A ; 4 2 9 - 4 3 1 .

If a w a , Y., 1957. G a s  c o n t e n t  of  t h e  b l o o d  in r e s p o n s e  to  t h a t  

of m e d i u m  w a t e r  in fisn. B u l l e t i n  of  t h e  T a p a n e s e  S o c i e t y  

for S c i e n c e  in F i s h e r i e s  23: 7 1 - 8 0 .

J e n s e n ,  M . H  , 1963. P r e p a r a t i o n  of f i s h  l i s s u e  c u l t u r e s  fo r  v i r u s  

r e s e a r - h .  B u l l e t i n  O f f i c e  I n t e r n a t i o n a l  E p i z o o t i c .  59: 131-

13 ..



J e n s e n ,  M.H. 19f5. R e s e a r c h  o n  t h e  v i r u s  of E g t v e d  d i s e a s e .  

A n n a l s  of t h e  N e w  Y o r k  A c a d e m y  o f  S c i e n c e .  3 26: 4 2 2 - 4 2 6 .

K e l l y ,  R.K. A P.C. Loh, 1972. E l e c t r o n  m i c r o s c o p i c a l  a nd 

b i o c h e m i c a l  c h a r a c t e r i s a t i o n  of I n f e c t i o u s  p a n c r e a t i c  

n e c r o s i s  v i r u s .  J o u r n a l  of  V i r o l o g y .  10: 8 2 4 - 8 3 4 .

K i m u r a ,  T., M. Yoshimi-.u A H. Y a s u d a ,  1984. R a p i d ,  s i m p l e  s e r o  

l o g i c a l  d i a g n o s i s  of i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  by c o- 

a g r l u t i n a t i o n  t e s t  u s i n g  a n t i b o d y - s e n s i t i z e d  S t a p h v l o c o c c 1. 

F i s h  P a t h o l o g y .  19: 2 5 - 3 3 .

K r o n v a l l ,  0., U.S. S e a l , J. F i n s t a d  & R.C. W i l l i a m s ,  1970. 

P h y l o g e n e t i c  i n s i g h t  i n t o  e v o l u t i o n  of m a m m a l i a n  Fc f r a g m e n t  

of g a m m a  g l o b u l i n  u s i n g  s t a p h y l o c o c c a l  p r o t e i n  A. J o u r n a l  of  

I m m r n o l  o g y . 104: 1 4 0 - 1 4 7 .

L a n g d o n ,  J.S., J.D. H u m p h r e y ,  J. C o p l a n d ,  R. C a r o l a n e ,  N. G u d k o v s

4 C. L a n c a s t e r ,  1986. T h e  d i s e a s e  s t a t u s  of  A u s t r a l i a n

s a l m o n i d s :  v i r u s e s  a n d  v i r a l  d i s e a s e .  J o u r n a l  o f  F i s h  

D i s e i s e s .  9: 1 2 9 - 1 3 5 .

L a n n a n ,  C . N  J . R  W i n t o n  & J.L. F r y e r ,  1984. F i s h  c e l l  lines: 

Esta b l i s h m e n t  a M  c h a r a c t e r i z a t i o n  of n i n e  c e l l  l i n e s  f r o m  

s a l m o n i d s .  In Vitro. 20: 6 7 1 - 6 7 6 .

Lied, £., J G J e r d e  A O.R. E r a e k k a n ,  1975. S i m p l e  a n d  r a p i d

t e c h n i q u e  f o r  r e p e a t e d  b l o o d  s a m p l i n g  in r a i n b o w  t r o u t

(S a l m o  e a i r d n e r 1 ) J o u r n a l  of  t h e  F i s h e r i e s  R e s e a r c h  B o a r d  of 

C a n a d a .  32: 6 9 9 - 7 0 1 .

Le wis, D.H. A J.E. M a r k s ,  1985. M i c r o c u l t u r e  of  S a r o t h e r o d o n  

mossantic.. - ( P eter) c e l l s :  t h e i r  u s e  in d e t e c t i n g  f i s h  

v i r u s e s .  J o u r n a l  of F i s h  D i s e a s e s .  8: 4 7 7 - 4 7 8 .

Li, M . F., V. M a r r j y a t t ,  C. A n n a n d  A P. O d e n s e ,  1985. F i s h  c e l l  

c u l t u r e :  two n e w l y  d e v e l o p e d  c e l l  l i n e s  f r o m  A t l a n t i c  

s t u r g e o n  (A ; U e n s e r  o x y r h v n c h u s ) a n d  g u p p y  ( P o e c i l i a  

r e t i c u l a t a )  Ca»'adif J o u r n a l  of Z o o l o g y .  63: 2 8 0 7 - 2 8 7 4 .

L i a n t z ,  J.C. A J.E. S p r i n g e r ,  1973. N e u t r a l i z a t i o n  t e s t s  on  

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

a n t i s e r u m .  J o u r n a l  of W i l d l i f e  D i s e a s e s .  9: 1 2 0 - 1 2 4 .



9 8

J e n s e n ,  M.H. 1965. R e s e a r c h  o n  t h e  v i r u s  of E g t v e d  d i s e a s e .  

A n n a l s  of t h e  N e w  Y o r k  A c a d e m y  o f  S c i e n c e .  126: 4 2 2 - 4 2 6 .

K e J l y ,  R.K. & P.C. L o h , 1972. E l e c t r o n  m i c r o s c o p i c a l  a n d  

b i o c h e m i c a l  c h a r a c t e r i z a t i o n  of  i n f e c t i o u s  p a n c r e a t i c  

n e c r o s i s  v i r u s .  J o u r n a l  of  V i r o l o g y .  10: 8 2 4 - 8 3 4 .

K i m u r a ,  T., M. Y o s h i m i r u  & H. Y a s u d a , 1984. R a p i d ,  s i m p l e  s e r o  

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

a g g l u t i n a t i o n  t e s t  u s i n g  * m t i b o d y - s e n s i t i z e d  S t a p h v l o c o c c  . 

F i s h  P a t h o l o g y .  19: 2 5 - 3 3 .

K r o n v a l l ,  G., U.S. S e a l ,  J. F i n s t a d  & R.C. W i l l i a m s ,  1970. 

P h y l o g e n e t i c  i n s i g h t  i n t o  e v o l u t i o n  of m a m m a l i a n  Fc f r a g m e n t  

of g a m m a  g l o b u l i n  u s i n g  s t a p h y l o c o c c a l  p r o t e i n  A. J o u r n a l  of 

I m m u n o l o g y .  104: 1 4 0 - 1 4 7 .

L a n g d o n ,  J.S., J . D  H u m p h r e y ,  J. C o p l a n d ,  R. C a r o l a n e ,  N. G u d k o v s

4 C. L a n c a s t e r ,  1986. T h e  d i s e a s e  s t a t u s  of  A u s t r a l i a n

salmonids.- v i r u s e s  a n d  v i r a l  d i s e a s e .  J o u r n a l  of F i s h  

D i s e a s e s .  9: 1 2 9 - 1 3 5 .

I.annan, C . N . ,  J.R. W i n t o n  & J.L. F r y e r ,  1984. F i s h  c e l l  line s :  

E s t a b l i s h m e n t  a nd c h a r a c t e r i z a t i o n  of  n i n e  c e l l  l i n e s  f r o m  

s a l m o n i d s .  In Vitro. 20: 6 7 1 - 6 7 6 .

Lied, E., J. G j e r d e  & O .R. B r a e k k a n ,  1975. S i m p l e  a n d  r a p i d  

t e c h n i q u e  for r e p e a t e d  b l o o d  s a m p l i n g  in r a i n b o w  t r o u t  

(Sa liro ca: rjv.er: ) J o u r n a l  of  t h e  F i s h e r i e s  R e s e a r c h  B o a r d  of 

C a n a d a . 32: 6 9 9 - 7 0 1 .

L e w i s ,  D.H. & J.E. ‘larks, 1985. M i c r o c u l t u r e  of S a r o t h e r o d o n  

in?ssamfricus (Peter) c e l l s .  t h e i r  u s e  in d e t e c t i n g  f i s h  

v i r u s e s .  J o u r n a l  of F i s h  D i s e a s e s .  8: 4 7 7 - 4 7 8 .

Li, M . F . ,  V. M a r r a y a t t ,  C. A n n a n d  & P. O d e n s e ,  1985. F i s h  c e l l  

C u l t u i e :  t w o  n e w l y  d e v e l o p e d  c e i l  l i n e s  f r o m  A t l a n t i c  

scurge-.-.n (A c ipensc-r ^xvi h v n c h u s  I a n d  g u p p y  ( P o e c i l i a  

reti *.u] a t a ) C a n a d i a n  J o u r n a l  of Z o o l o g y .  63: 2 8 6 7 - 2 8 7 4 .

L i e n t z ,  J.C. & J.F.. S p r i n g e r ,  1 9 7 3  N e u t r a l i z a t i o n  t e s t s  on  

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

a n t i s e r u m .  J o u r n a l  o f  W i l d l i f e  D i s e a s e s .  9: 1 2 0 - 1 2 4 .



9 9

L o m b a r d ,  G L . 196 t. a s u r v e y  of f i s h  d i s e a s e s  a nd p a r a s i t e s  

e n c o u n t e r e d  ir. T r a n s v a a l .  L i m n o l o g i c a  1 S o c i e t y  o f  S o u t h  

A f r i c a  N e w s l e t t e r .  11: 23-2 9 .

Luri a ,  S . E . ,  J.r <rnell, Jr. .  D. B a l t i m o r e  4 A. C a m p b e l l ,  1978. 

G e n e r a l  V ; <y 3 rd e d i t i o n .  J o h n  W i l e y  4 S o n s  N e w  Y o rk.

M a c D o n a l d ,  R Y a m a m o t o ,  1977. T h e  s t r u c t u r e  of i n f e c t i o u s

p a n c r e a t i c  is v i r u s  P.NA. J o u r n a l  of G e n e r a l  V i r o l o g y .

34: 2 3 5 - 2 - : .

M a c D o n a l d ,  P.D., A . ft. M o o r e  & B.W. S o u t e r ,  1983. T h r e e  n e w  

s t r a i n s  of I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  i s o l a t e d  in 

C a n a l a .  C a n a d i a n  J o u r n a l  of  M i c r o b i o l o g y .  29: 1 3 7 - 1 4 1 .

M a c K e l v i e .  F M . 4 H. A r t s o b ,  1969. I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  

v i r u s  ,n y o u n g  s a l m o n i d s  of t h e  C a n a d i a n  M a r i t i m e  F r o v i n c e .  

J o u r n a l  of t he F i s h e r i e s  R e s e a r c h  B o a r d  of C a n a d a .  26: 3 2 5 9 -

3 262.

M a c K e l v i e ,  P.M. 4 D. f e s a u t e l s  1975. F i s h  v i r u s e s -  s u r v i v a l  an d  

i n a c t i v a t i o n  of i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s .  

J o u r n a l  of t he F i s h e r i e s  R e s e a r c h  B o a r d  of  C a n a d a .  32: 1 2 6 7 -

1273.

M a n g u n w i r y o .  H. 4 C. A g i u s ,  1988. S t u d i e s  on t h e  c a r r i e r  s t a t e  of

i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  i n f e c t i o n s  in r a i n b o w

t r o u t ,  Sa 1 mo l r d n e r 1 R i c h a r d s o n .  J o u r n a l  of F i s h  D i s e a s e s .

11: 125-1 3 2 .

M<-.\11 s t er , P.E., 1983. I n f e c t i o u s  p a n c r s a t i c  n e c r o s i s  (IPN) of  

salir.' i.id f i shes. F i s h  D i s e a s e  L e a f l e ’ N o  65. U.S. F i s h  4 

Wildl.i.ie S e r v i c e .

M c A l l i s t e r ,  P.E. 4 X. R e y e s ,  198*. I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  

v i r u s :  i s o l a t i o n  f r o m  r a i n b o w  t r out, (S a l m o  e s i r d n e r l  

R i c h a r d s o n ) .  i m p o r t e d  i n t o  "hile. J o u r n a l  of  F i s h  D i s e a s e s .

7: 3 1 9 - 3 2 2 .

M c A l l i 3 t e r ,  P.E. 4 W.B. S c h i l l ,  1986. I m m u n o b l o t  a s s a y :  A r a p i d  

a n d  s e n s i t i v e  m e t h o d  for i d e n t i f i c a t i o n  of  s a l m o n i d  f i s h



1 0 0

v i r u s e s .  J o u r n a l  of W i l d l i f e  D i s e a ' e s . 22: 4 6 8 - 4 7 4 .

M c A l l i s t e r ,  P.E., M.W. N e w m a n ,  J.H. S a u b e r  & W.J. O w e n s ,  1983.

I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s ;  i s o l a t i o n  f r o m  s o u t h e r n  

f l o u n d e r ,  P.>ra I ic hi lof. h:'Pt 1. ■. rl'ring an e p i z o o t i c .  

B u l l e t i n  of t h e  E u r o p e a n  A s s o c i a t i o n  of ish P a t h o l o g i s t s .  3: 

3 7 - 3 8 .

M c A l l i s t e r ,  P.E., M.W. N e w r a n ,  J.H. S a u b e r  4 W.J. O w e n s ,  1964. 

I s o l a t i o n  of i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  ( s e r o t y p e  

At) f r o m  d i v e r s e  s p e c i e s  of e s t u a r i n e  fish. H e l g o l a n d e r  

M e e r ^ & u n t ' i r s u c h u n g e n . 37: 3 1 7 - 3 2 8 .

M c C a i n ,  B . B  , J . L  F r y e r  4 K . S  P i l c h e r ,  1974. P h y s i c o c h e m i c a l  

p r o p e r t i e s  of R NA of salr r > ‘ v -*matopoietic n e c r o s i s  v i r u s

( O r e g o n  s t r a i n  Pr •■ejj •» ^ o c i e t y  fo r  E x p e r i m e n t a l

a n d  B i o l o g i c a l  M e d i c i n e .  34.

M c C  P o tt, P. 1979. A h i s t o r y  c- jt f a r m i n g  in S o u t h  A f r i c a .  

F i s h  P a r m e r .  25: 6- 10.

M c C  P o t t .  R. 1987. An  o v e r v i e w  ot t r o u t  p r o d u c t i o n  in Soutt 

A f r i c a .  In. W s l m s i e y ,  R.D. 4 J. v a n  As (eds). A q u a c u l t u r e

1986. O c c a s i o n a l  Re; rt S e r i e s  No 15. E c o s y s t e m  p r o g r a m m e s ,  

F o u n d a t i o n  f r R e s e a r c h  D e v e l o p m e n t ,  C . S . I . R . ,  P r e t o r i a ,  pp  

1 3 0 - 1 3 4 .

M c D a n i e l .  D., 1979. P r o c e d u r e s  f or th e  d e t e c t i o n  a nd 

i d e n t i f i c a t i o n  of c e r t a i n  f i s h  p a t h o g e n s .  F i s h  H e a l t h  

S e c t i o n .  A m e r i c a n  F i s h e r i e s  S o c i e t y .

M c K n i g h t ,  I.J., R.J. R o b e r t s ,  197C. T h e  p a t h o l o g y  of i n f e c t i o u s  

p a n c r e a t i c  n e c r o s i s . I .  T h e  s e q u e n t i a l  h i s t o p a t h o l o g y  of  t h e  

n a t u r a l l y - o c c u r r i n g  c o n d i t i o n .  B r i t i s h  V e t e r i n a r y  J o u r n a l .  

132: 76-85.

M e i e r ,  w. 4 K. P f i s t e r ,  1981. V i r a l  h e m o r r h a g i c  s e p t i c a e m i a  (VHS) 

in p i k e  (E s ; x  l u c i u s  L) : C l i n i c a l  m a c r o s c o p i c ,  h i s t o l o g i c a l  

a n d  e l e c t r o n - m i c r o s c o p i c a l  f i n d i n g s ;  D i r e c t  v i s u a l i z a t i o n  of 

t h e  E g t v e d - v i r u s . S c h w e i z e r  A r c h i v  fur T i e r h e i l k u n d e . 123: 

3 7 - 4 9 .



1 0 0

viruses Journal of Wildlife Diseases. 2 2 : 468-474.

M c A l l i s t e r ,  P.fc'.. M.W. N e w m a n ,  J.H. S a u b e r  & W.J. O w e n s ,  1983.

I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s :  i s o l a t i o n  f r o m  s o u t h e r n  

f l o u n d e r ,  F •t .* i i h -■ v l-~-th \st i en.i, d u r i n g  an e p i z o o t i c .  

B u l l e t i n  of t h e  E u r o p e a n  A s s o c i a t i o n  of  F i s h  P a t h o l o g i s t s .  3:

3 7 - 3 8 .

M _ A l l  is ter. P.E., M.W. N e w m a n ,  J.H. S a u b e r  & W.J. O w e n s , 19C4. 

I s o l a t i o n  of i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  ( s e r o t y p e  

Ab) f r o m  d i v e r s e  s p e c i e s  o f  e s t u a r i n e  fish. H e l g o l a n d e r  

M e e r e s u n t e r s u c h u n g e n . 37: 3 1 7 - 3 2 8 .

M c C a i n .  B . b  , J . L  F r y e r  A K.S. P i l c h e r ,  1974. ."’h y s i c o c h e m i c a l  

p r o p e r t i e s  of FtNA of salrr.onid h e m a t o p o i e t i c  n e c r o s i s  v i r u s  

( O r e g  n s t r a i n ;  P r o c e e d i n g  of t h e  S o c i e t y  for E x p e r i m e n t a l  

a n d  b i o l o g i c a l  M e d i c i n e .  1*6: 6 3 0 - 6 3 4 .

M c C  P o t t .  R 19/9. a h j s - o r y  of  t r o u t  f a r m i n g  in S o u t h  A f r i c a .  

F i s h  F a r aer. 25. 6-10.

M c C  P o t t .  Fi 1 J 9 7 . An  o v e r v i e w  of t r o u t  p r o d u c t i o n  in S o u t h  

A f r i c a .  In W a l n s l e y ,  F..D. 4 J. v a n  As (eds). A q u a c u l t u r e  

O c c a s i o n a l  Ret let N o  15. E c o s y s t e m  p r o g r a m m e s ,

.u n d a t i  n f.r R e s e a r c h  D e v e l o p m e n t ,  2 . S . I . R . ,  F v e t o r i a .  pp 

1 3 0 - 1 3 4 .

M c D a n i e l ,  D., 1979. P r o c e d u r e s  for t h e  d e t e c t i o n  a nd 

i d e n t i f .  * t i o n  cf c e r t a i n  f i s h  p a t h o g e n s .  F i s h  H e a l t h  

S e c t i o n ,  A m e r i c a n  F i s h e r i e s  S o c i e t y .

M c K n i g h t ,  i.J.. R.J. F o b e r t s ,  1976. T h e  p a t h o l o g y  of i n f e c t i o u s  

p a n c r e a t i c  n e c r o s i s . I .  T h e  s e q u e n t i a l  h i s t o p a t h o l o g y  of  t h e  

n a t u r a l l y - o c c u r r i n g  c o n d i t i o n .  E r i t i s h  V e t e r i n a r y  J o u r n a l .  

132: 76-85.

M e i e r ,  w. & K P f i a t e r ,  1981. V i r a l  h e m o r r h a g i c  s e p t i c a e m i a  (VHS) 

in p i k e  (E £ : x l u c l u s  L): Cli. Leal m a c r o s c o p i c ,  h i s t c l o g i ~ % l  

»nd e l e c t r o n - m i c r o s c o p i c a l  f i n d i n g s ;  D i r e c t  v i s u a l i z a t i o n  of 

t h e  E g f v e d - v i r u s . S c h w e i z e r  A r c h i v  fur T i e i h e i l k u n d e . 123: 

2 7 - 4 9 .



1 0 1

M ’G o n i g l e ,  R.H., 1941. A c u t e  c a t a r r h a l  e n t e r i t i s  of s a l m o n i d  

f i n g e r l l n g s .  T r a n s a c t i o n s  of t h e  A m e r i c a n  F i s h e r i e s  S o c i e t y .

70: 2 9 7 - 3 0 3 .

M o s s ,  L.H. A M. G r a v e l l  1969. U l t r a & t r u c t u r e  a n d  s e q u e n t i a l  

d e v e l o p m e n t  of  f e . t i o u s  p a n c r e a t i c  n e c r o s i s  v i rus. J o u r n a l  

of  V i r o l o g y .  3: 1 ^ - 5 8 .

M o y l e ,  P.P. A J.J. C e c h ,  1982. F i s h e s s  an i n t r o d u c t i o n  to 

ichthyology. f r e n t i c e - H a l 1, Inc. E n g l e w o o d  C l i f f s .  N e w  

J e r s e y .

M u l c a h y ,  D , 1984. S u d d e n  a p p e a r a n c e  of  I HN v i r u s  In s t e e l h e a d  

and s e a r u n  c u t t h r o a t  t r o u t  h a t c h e r i e s  in l o w e r  C o l u m b i a  

F i v e r  a n d  d e v e l o p m e n t  of b r o o d  s t o c k  c u l l i n g  to r e d u c e  

lo s s e s .  U.S. F i s h e r i e s  a nd W i l d l i f e  S e r v i c e s  R e s e a r c h  

I n s t i t u t e .  B u l l e t i n  8 « - 8 6 .

flulcahy, D., C.K. J e n e s  A R . P a s c h o ,  1984. A p p e a r a n c e  an d  

q u a n t i f i c a t i o n  o f  i n f e c t i o u s  h e n a t o p o i e t i c  n e c r o s i s  v i r u s  in 

f e m a l e  s o c k o y e  s a l m o n  (C n c o r h v n c h u s  n e r k a ) d u r i n g  t h e i r  

s p a w n i n g  m i g r a t i o n .  A r c h i v e s  of V i r o l o g y .  80: 1 7 1 -181.

M u n r o ,  A . L  S., J. L i v e r s i d g e  4 K . G . R .  Elson, 1976. T h e  

d i s t r i b u t i o n  and p r e v a l e n c e  of i n f e c t i o u s  p a n c r e a t i c  

n e c r o s i s  v i r u s  in w i l d  f i s h  in L o c h  Awe. P r o c e e d i n g s  of  t h e  

R o y a l  S o c i e t y  of E d i n b u r g h  (E). 75: 2 2 3 - 2 3 2 .

N e e d h a m ,  P.R., 1?69. T r o u t  s t r e a m s :  c o n d i t i o n s  tha t  d e t e r m i n e  

t h e i r  p r o d u c t i v i t y  a nd s u g g e s t i o n s  for s t r e a m  a n d  l a k e

m a n a g e m e n t ,  H o l d e n - D a y ,  S a n  F r a n c i s c o .

N i c h o l s o n .  6.L. A P. C a s w e l l ,  19J2. L n s y m e - l i n k e d  i m m u n o s o r b e n t  

a s s a y  for i d e n t i f i c a t i o n  cf  i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  

v l rrs. J o u r n a l  of C l i n i c a l  M i c r o b i o l o g y .  16: 4 6 9 - 4 7 2 .

N i c h o l s o n ,  B . L  A J. Dunn, 197*. H o m o l o g o u s  v i r a l  i n t e r f e r e n c e  in 

tr ;ut and a t l a n t i c  s a l m o n  c e l l  c u l t u r e s  I n f e c t e d  w i t h  

i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s .  J o u r n a l  of V i r o l o g y .  

14: 1 8 0 - 1 8 2 .



1 0  2

N i c h o l s o n ,  B.L. & E.A. H e n c h a l , 1978. R a p i d  I d e n t i f i c a t i o n  of 

i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  in i n f e c t e d  c e l l  

c u l t u r e s  by i m m u n o p e r o x t d a s e  t e c h n i q u e s  J o u i n a l  of W i l d l i f e  

D i s e a s e s .  14: 4 6 5 - 4 6 9 .

N i c h o l s o n .  B.L., G.W. T h o r n e ,  C. J a n i c k i  & A. H a n s o n ,  1979. 

S t u d i e s  on  a h o s t  r a n g e  v a r i a n t  f r o m  d i f f e r e n t  i s o l a t e s  of  

i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  (IPNV). J o u r n a l  of  F i s n  

D i s e a s e s .  2: 3 6 7 - 3 7 9 .

O l b e r d i n g ,  K. P. 4 J. w. F r o s t ,  '.975. E l e c t r o n  m i c r o s c o p i c a l  

o b s e r v a t i o n s  of t h e  s t r u c t u r e  of t h e  v i r u s  of v i r a l  

h a e m o r r h a g i c  s e p t i c a e m i a  {VHS) of r a i n b o w  t r o u t  (S a l m o  

g.tlr3r.en ' J o u r n a l  of G e n e r a l  M i c r o b i o l o g y .  27: 3 0 5 - 3 1 2 .

P a r i s o t ,  T.J., W.T. Y a s u t a k e  4 V. B r e s s l e r ,  1963. A n e w  g e o ­

g r a p h i c  and h o s t  r e c o r d  f or infectious, p a n c r e a t i c  n e c r o s i s .  

T r a n s a : t i o n s  of  t h e  A m e r i c a n  F i s h e r i e s  S o c i e t y .  91: 6 3 - 6 6 .

P « rry, V . P . ,  C . A  K r o e n e r  4 J.L. M a r t i n ,  1975. P r o t e c t e d  x’r e e z i n g  

of  c e l l  s u s p e n s i o n s .  P r o c e d u r e  7 6 1 6 1 .  T i s s u e  C u l t u r e  

A s s o c i a t i o n  M a n u a l .  1: 1 1 9 - 3 2 0 .

P f i t s n s r ,  I , 1^6? C e l l  a n d  t i s s u e  c u l t u r e  of f r e s h  w a t e r  f i s h  

in v i r u s  r e s e a r c h .  A n n a l s  of t h e  N e w  Y o r k  A c a d e m y  of 

S c i e n c e  126: 5 4 7 - 5 5 4 .

Pike. T. i960. A h i s t o r i c a l  r e v i e w  of  f r e s h w a t e r  f i s h  h a t c h e r i e s  

in N a t a l .  P i s c a t o r .  106: 4 9 - 5 3 .

P i l c h e r ,  K.S. 4 J.L. F r y e r  1980. T h e  v i r a l  d i s e a s e s  o f  fish: A 

r e v i e w  t h r o u g h  1978. P a r t  1: D i s e a s e s  of p r o v e n  v i r a l  

e t i o l o g y .  C r i t i c a l  R e v i e w s  in M i c r o b i o l o g y .  7: 2 8 7 - 3 6 3 .

P ipe r ,  D . , B.L. N i c h o l s o n  A J. D u n n ,  1973. I m m u n o f l u o r e s c e n t  

s t u d y  of th e  r e p l i c a t i o n  of  i n f e c t i o u r  p a n c r e a t i c  n e c r o s i s  

v i r u s  in t r o u t  a nd A t l a n t i c  s a l m o n  c e l l  c u l t u r e s .  I n f e c t i o n  

a n d  I m m u n i t y .  8: 249-25**.



1 0 3

Reed, L.J. & H. MuorK.h, 193d. A s i m p l e  m' od of  e s t i m a t i n g  f i f t y  

p e r  c e n t  e n d p o i n t s .  T h e  A m e r i c a n  Jo  r n a l  of H y g i e n e .  27: 

4 9 3 - 4 9 7 .

F i b e i r o ,  L.P., w. A h n e  & V. L i c h t e n b e r g ,  1983. P r i m a r y  c u l t u r e  

of n o r m a l  p i t u i t a r y  cell: of c a r p  (C y p r i n u s  c a r o l o ) for t h e  

s t u d y  of g o n a d o t r o p i n  r e l e a s e .  In Vitro. 19: 41-45.

R o b e r t s ,  R.J., 1 980 F i s h  P a t h o l o g y .  A c a d e m i c  P r e s s

R o b e r t s .  F.. J . & I.J. McK.night, 1976. T h e  p a t h o l o g y  of i n f e c t i o u s  

p a n c r e a t i c  n e . r o i l s .  II. S t r e s s - m e d i a t e d  r e c u r r e n c e .  B r i t i s h  

V e t e r i n a r y  Journal. 132: 2 0 9 - 2 1 3 .

R o b e r t s .  P.J. & C . J . S h e p h e r d .  1966. H a n d b o o k  of  t r o u t  a n d  s a l m o n  

d i s e a s e s  F i s h i n g  N e w s  B o o k s  Ltd. F u r n h a m ,  S u r r y ,  E n g l a n d .

R o b i n ,  J A A P d r i g u e ,  1977. P u r i f i c a t i o n  a n d  b i o c h e m i c a l  

p r o p e r t i e s  of E g t v e d  v i r a l  P N A , C a n a d i a n  J o u r n a l  of  

M i c r o b i o l o g y .  23: 1 * 8 9 - 1 4 9 1 .

R u c * e r , P F , W J. W h i p p l e ,  J.P. P a r v i n  & C.A. Evan s ,  1953. A 

c o n t a g i o u s  d i s e a s e  of s o ^ k e y e  s a l m o n  p o s s i b l y  of  v i r u s  

o r i g i n  U S  F i s h e r i e s  a n d  W i l d l i f e  S e r v i c e .  F i s h e r i e s  

B u l l e t i n .  5*: 35-3 7 .

S a n o ,  T 19?1 S t u d i e s  o n  v i r a l  d i s e a s e s  of J a p a n e s e  f i s h e s .  I 

I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  of r a i n b o w  t r o u t :  f i r s t  

i s o l a t i o n  fr n e p i s o o t l . s  ir. Japan. B u l l e t i n  of t h e  J a p a n e s e  

S o c i e t y  of S c i e n t i f i c  F i s h e r i e s .  37: * 9 5 - 4 9 8 .

S a n o ,  T.. 1976. V i r a l  d i s e a s e s  of  c u l t u r e d  f i s h e s  in J a p a n .  F i s h  

P a t h o l o g y .  10: 2 2 1 - 2 2 6 .

S a n o ,  T., T N i s h i m u r a ,  N. O k a m o t o ,  T. Y a m a s a k i ,  H. H a n a d a  & Y. 

W a t a n a b e ,  1*77. S t u d i e s  o n  v i r a l  d i s e a s e s  of J a p a n e s e  

f i s h e r i e s .  VI. I n f e c t i o u s  h a e m a t o p o i e t i c  n e c r o s i s  of 

s a l m o n i d s  in t he m a i n l a n d  of J a p a n .  J o u r n a l  of  t h e  T o k y o  

U n i v e r s i t y  of F i s h e r i e s .  63, 81-8 5 .

S c h e r r e r ,  P.. 197.*j. T h e  m o r p h o l o g y  a nd u l t r a s t r u c t u r e  of t h e  

E g t v e d  v i r u s -  a s u m m a r y  a c c o u n t .  In: S y m p o s i u m  on t h e  m a j o r  

c o m m u n i c a b l e  f i s h  d i s e a s e s  in E u r o p e  a n d  t h e i r  c o n t r o l .  

E I F A C  T e c h n i c a l  p a p e r  1 7 : 26-29.

S c h i f f m a n ,  R.H., 1959. M e t h o d  for r e p e a t e d  s a m p l i n g  of  t r o u t



1 0 4

b l o o d .  P r o g r e s s i v e  F i s h  C u l t u r e i s t .  21: 151-153.

S c h l o t f e l d t ,  H-J., B. L i o s s e ,  & J.W. F r o s t ,  1975. E r s t i s o l i e r u n g  

u n d  I d e n t i f i z i e r u n g  d e s  V i r u s  d e r  i n f e k t i o s e n  

P a n k r e a s n e k r o s e  (IPN) d e r  S a l m o n i d e n  in d e r  B u n d e s r o p u b l i k  

D e u t s c h l a n d .  B e r l i n e r  u n d  M u n c h e n e r  T i e r a r z t l i c h e  

W o c h e n s c h r i f t . 8£-. 1 0 9 - 1 1 1 .

S c h u t z ,  M  , E .B . May, J.N. K r a e u t e r  4 F.M. H e t r i c k ,  1984. 

I s o l a t i o n  of  i n f e c t i o u s  p a n c r o a t i c  n e c r o s i s  v i r u s  f r o w  an 

e p i z o o t i c  o c c u r r i n g  in c u l t u r e d  s t r j e d  b a s s  (M o r e n e  

s a x a 1 1 1 1 s W a l b a u m ) .  J o u r n a l  of  F i s h  D i s e a s e s .  7: 5C -507.

S i m o n ,  P . C . 4  W.B. S c h i l l ,  1984. T a b l e s  of s a m p l e  s i z e  

r e q u i r e m e n t s  for d e t e c t i o n  of f i s h  i n f e c t e d  by p a t h o g e n s :  

t h r e e  c o n f i d e n c e  l e v e l s  for d i f f e r e n t  i n f e c t i o n  p r e v a l e n c e  

e n d  v a r i o u s  p o p u l a t i o n  s i z e s  J o u r n a l  cf F i s h  D i s e a s e s .  7: R15-520.

S n i e s z k o ,  S F.. K. W o l f .  J.E. C a m p e r  4 L.L. P e t t i j o h n ,  1959. 

I n f e c t i o u s  n  . • : p a n c r e a t i c  n t  I T r a n s a c t i o n s  of

t 1- A m e r i c a n  F i s h e r i e s  S o c i e t y .  88: 2 3 9 - 2 9 3 .

S r.r t'gar d , P A  4 L A  M : D e r m  tt, 1972. E p i d e m i o l o g i c a l  m o d e l  

for p a s s i v e  t i a n s f e r  of I P N V  by h o m e o t h e r m s  N a t u r e .  237: 

1 0 4 - 1 0 5 .

S . e r t a ,  G . 196"’ Fi :sh w a t e r  f i s h e s  of  t h e  world. S t u d i o  V i s t a ,  

L o n d o n .

S w a n s o n ,  P.. N . i J.H. G i l l e s p i e ,  1981. A n  i n d i r e c t  f l u o r e s c e n t  

a n t i b o d y  tes t  for t h e  r a p i d  d e t e c t i o n  of  i n f e c t i o u s  

p a n c r e a t i c  n e c r o s i s  virus In t i s s u e s  J o u r n a l  of  F i s h  

D i s e a s e s .  4: 3 0 9 - 3 1 5 .

Tu, K-C. , P.. S S p e n d l o v e  4 R.w. G o e d a , 1974. I m m u n o f  l u o r e s c e n t  

c e l l  a s s a y  cf i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s .  A p p l i e d  

M i c r o b i o l o g y .  27: 5 9 3 - 5 9 9 .

U n d e r w o o d ,  B O . ,  C.J. S m a l e ,  F. B r o w n  A B.J. Hill, 1977. 

R e l a t i o n s h i p  of a v i r u s  f r o m  T e l l  ira t e n u i s  to i n f e c t i o u s  

p a n c r e a t i c  n e c r o s i s  v i r u s .  J o u r n a l  of  G e n e r a l  V i x o l o g y .  36: 

9 3 - 1 0 9 .

V»>rwey, w.F , 1940. A t y p e - s p e c i f i c  a n t i g e n i c  p r o t e i n  d e r i v e d



1 0  5

f r o m  t h e  S ’’ .irliv 1 'X ~ . J o u r n a l  of  E x p e r i m e n t a l  M e d i c i n e .  

71 : 6 3 5  6«~.

V e s t e r g a r d -J o r g e n s e n , P.E., 1973. T h e  n a t u r e  a nd b i o l o g i c a l  

a c t i v i t y  oi IF N  v i r u s  n e u t r a l i z i n g  a n t i b o d i e s  in n o r m a l  a nd 

i m m u n i z e d  r a i n b o w  t r o u t  (f i l m - ' k  < i r d n e r i ) . A r c h i v  fur d i e  

G e s a m t e  V i r u s f o r s c h u n g . A2: 9-20.

V e s t e r g a r d - J o r g o n * s e r . P.E. A F. B r e g n b a l l e ,  1969. I n f e c t i o u s  

p a n c r e a t i c  n e . r o s i s  in r a i n b o w  t r o u t  (S a l m o  g a l r d n e r i ) in 

Denma.';. N o r d i s k  v e t erinaerir.edicin. 21: 1 4 2 -’49.

V e s t e r g a r d - J o r g e n s e n . P.E. & N P. K e h l e t ,  1971. I n f e c t i o u s  p a n ­

c r e a t i c  n e c r o s i s  (IFN) v i r u s e s  in D a n i s h  r a i n b o w  t r out: 

t h e i r  s e r o l c g i c a l  a n d  p a t h o g e n i c  p r o p e r t i e s .  N o r d i s k  

V e t e r i n a e r m e d i c i n .  23: 5 6 e - 5 7 5 .

V e s t e r g a r d - J c r g e n s e n . F.E. & A M e y l i n g .  1972. E g t v e d  v i rus: 

D e m o n s t r a t i o n  of v i r u s  a n t i g e n  by  t h e  f l u o r e s c e n t  a n t i b o d y  

t e c h n i q u e  in t i s s u e s  o f  r a i n b o w  t r o u t  a f f e c t e d  bv v i r a l  

haerr r r h a g i c  s e p t i c a e m i a  a nd in c e l l  c u l t u r e s  i n f e c t e d  w i t h  

E g t v e d  v i rus. A r c h i v  fur d i e  g e s a m t e  V i r u s f o r s c h u n g .  36: 

1 1 5 - 1 2 2 .

W i n g f i e l d .  W.H., J.L. F r y e r  & K.S. P i l c h e r  1969. P r o p e r t i e s  of 

t h e  l o c k e y e  s a l m o n  v i r u s  ( O r e g o n  s t r a i n ) .  P r o c e e d i n g s  of t h e  

S o c i e t y  for E x p e r i m e n t a l  B i o l o g y  a n d  M e d i c i n e .  130: 1055-

1059.

W o lf, K . . 1 *c6 T h e  f i s h  v i r u s e s .  A d v a n c e s  in V i r u s  R e s e a r c h .

12: 3 5 - 1 0 1 .

W o lf. K. 1970 G u i d e l i n e s  for v i r o l o g i c a l  e x a m i n a t i o n  of  fishes. 

In: S n i e s z k o  S.F. (ed). A S y m p o s i u m  on  d i s e a s e s  of  f i s h e s  

a n d  s h e l l f i s h e s .  S p e c i a l  P u b l i c a t i o n  No 5. A m e r i c a n  

F i s h e r i e s  S o c i e t y .  W a s h i n g t o n ,  pp  3 2 7 - 3 4 0 .

W o l f .  K., 1972. A d v a n c e s  in f i s h  v i r o l o g y :  a r e v i e w  1 9 6 6 - 1 9 7 1 .  

S y m p o s i a  cf t h e  Z o o l o g i c a l  S o c i e t y  r L ndon. 30: 3 0 5 - 3 3 1 .

W o l f ,  K.. 1979. C o l d - b l o o d e d  v e r t e b r a t e  c e l l  a nd t i s s u e  c u l t u r e .  

M e t h o d s  in E n z y m o l o g v .  58: * 6 6 - 4 7 7 .

W o l f ,  K., 1982. N e w l y  d i s c o v e r s  v i r u s e s  a nd v i r a l  d i s e a s e s  of 

f i s h e s ,  1 9 7 7 - 1 9 8 1 .  In: R o b e r t s ,  R.J. (ed). M i c r o b i a l  

d i s e a s e s  of Fish. A c a d e m i c  P r e s s .



1 0 6

W o l f ,  K. 1988. F i s h  v i r u s e s  a n d  f i s h  v i r a l  d i s e a s e s .  C o r n e l l  

U n i v e r s i t y  P r e s s ,  I t h a c a ,  USA.

W o l f .  K 4 J . A.. M a nn, 1980. P o i k i l o t h e r m i c  v e r t e b r a t e  c e l l  l i n e s  

a n d  v i r u s e s :  A c u r r e n t  l i s t i n g  for f i s h e s .  In V i t r o .  16: 

1 6 8 - 1 7 9 .

W o l f ,  K. 4 M.C. O u i m b y ,  1962. E s t a b l i s h e d  e u r y t h e r m i c  l i n e  of 

f i s h  c e l l s  in v i t r o .  S c i e n c e .  135; 1 0 6 5 - 1 0 6 6 .

W o l f ,  K. & M C. O u i m b y ,  1969. I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s :  

c l i n i c a l  a n d  i m m u n e  r e s p o n s e  of a d u l t  t r o u t  to i n o c u l a t i o n  

w i t h  l i v e  virus. J o u r n a l  of t h e  F i s h e r i e s  R e s e a r c h  B o a r d  of 

C a n a d a .  26; 2 5 1 1 - 2 5 1 6 .

W o l f .  K. 4 M.C. O u i m b y ,  1971. S a l m o n i d  v i r u s e s :  i n f e c t i o u s  

p a n c r e a t i c  n e c r o s i s  v i r u s .  M o r p h o l o g y ,  p a t h o l o g y  an d  s e r o ­

l o g y  of f i r s t  E u r - F e a n  i s o l a t i o n s .  A r c h i v e  fur d i e  g e s a m t e  

V i r u s f o r s c h u n g . 34: 1 4 4 - 1 5 6 .

W c l f .  K. 4 M C O u i m b y ,  1 9 7 3 a  F i s h  v i r u s e s :  E u f f e r s  a n d  m e t h o d s  

for p i s s u i n g  e i g h t  a g e n t s  u n d e r  n o r m a l  a t m o s p h e r e .  A p p l i e d  

M i c r o b i o l o g y .  25: 6 5 9 - 6 6 4 .
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S c i e n c e .  151: 1 0 0 4 - 1 0 0 5 .



1 0 7
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t he I n t e r i o r .  F i s h  a n d  W i ld] .fe S e r v i c e .
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W o o d ,  E.M., S r .  S n i e s z k o  & W.T. Y a s u t a k e ,  1Q 55. I n f e c t i o u s  

p a n c r e a t i c  n e : r o s i s  in b r o o k  t r o u t .  A m e r i c a n  M e d i c a l  

A s s o c i a t i o n  A r c h i v e s  o f  P a t h o l o g y .  60: 26-23.

Y a m a m o t o ,  T., 1 3 7 E a . I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  (IPN) v i r u s  

c a r r i e r s  a nd a n t i b o d y  p r o d u c t i o n  in a p o p u l a t i o n  of r a i n b o w  

t r o u t  ( Sa lr..o gs i r dr.er i ) . C a n a d i a n  J o u r n a l  of M i c r o b i o l o g y .  

21: 1 3 4 3 - 1 3 * 7 .

Yaraamoto, T., 1975b. F r e q u e n c y  of  d e t e c t i o n  a nd s u r v i v a l  of 

i n f e c t i o u s  Far.creatic n e c r o s i s  v i r u s  in a c a r r i e r  p o p u l a t i o n  

of t r o o k  t r o u t  < :'*lrelir-.us font.ina1 is ) in a lake. J o u r n a l  of 

t h e  F i s h e r i e s  R e s e a r c h  B o a r d  of C a n a d a .  32: 5 6 8 - 5 7 0 .

Z w i l l e n b e r g ,  L . O  , M. J e n s e n  & H. Z w i l l e n b e r g ,  1965. E l e c t r o n  

m i c r o s c o p y  of t h e  v i r u s  of  v i r a l  h e m o r r h a g i c  s e p t i c e m i a  of 

r a i n b o w  trout. A r c h g e s a m t e  V i r u s f o r s c h u n g  17.- 1 - 1 9



1 0 8

A p p e n d i x  1: L i s t  of i n g r e d i e n t s  in F a b l e s  m i n i m u m  e s s e n t i a l  m e d i u m ,  

E a g l e s  b a s a l  m e d i u m  a n d  n c n - e s s e n t i a l  a m i n o  acid s .

I n g r e d i e n t E a g l e s

B a s a l

M e d i u m

m g / 1

E a g l e s

M E M

m g/1

1 00X

N E A A

m g / 1

L - A l a n i n e 8 . 9 0

L - A r g i n i n e  HC1 21 .06 1 2 6 . 4

L A s p a r a g i n e  H 20 15. 00

L - A s p a r t i c  a c i d 13. 30

L - C y s t i n e  d i s o d i u m  s a l t 1 4 .21 28. 42

L - G l u t a m i c  a>:id 14. 70

L - G l u t a m i n e 292. 3 2 9 2 . 3

G l y c  ine 7. 50

■ J
10 . 50 41 . 90

L- I s o l e u c i n e 2 6 . 2 3 52. 50

L - L e u c i n e 26 . 23 52. 50

L - L y s i n e  HCl 36. 53 7 3 . 0 6

L - M e t h i o n i n e 7 . 4 6 1 4 . 9 0

L - P h e n y i a l a n i n e 1 6 .51 3 3 . 0 2

L - P r o l i n e 11 . 50

L - S e r i n e 1 0 . 5 0

L - T h r e o n i n e 2 3 . 8 2 4 7 . 64

L - T r y p t o p h a n 4 . 08 10. 20

L - T y r o s i n e  d i s o d i u m  s a l t 22. 51 4 5 . 0 2

L -V a 1 i ne 2 3 . 4 3 46. 90

D - C a  p a n t o t h e n a t e 1 . 00 1 .00

Cholir.e c h l o r i d e 1 . 00 1 . 00

F o l i c  a c i d 1 . 00 1 .00

i - I n o s i t o l 2 . 0 0 2 . 0 0

N i c o t  i n a m i d e 1 . 00 1.00

P y r i d o x a l  HCl 1 .00 1 .00

P i b o f l a v i n 0 . 10 0. 10

T h i a m i n  H Cl 1 .00 1 .00

C a C l j  2 H j O 2 6 4 . 9 2 6 4 . 9

KC1 4 0 0 . 0 4 0 0 . 0

M g S 0 4 7 H a0 2 0 0 . 0 2 0 0 . 0

N a C l 6 8 0 0 6 8 0 0

N a H C O j 1 68 0 2 0 0 0

N a H | P 0 4 .2 H f O 158. 3 1 5 8 . 3

D - G l u c o s e 1 C0 0 1 000

P h e n o l  r e d  s o d i u m  s alt 1 7 . 0 0 1 7 . 0 0
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A p p e n d i x  2. C o m p l e t e  l ist o f  all c a s e s  w h i c h  w e r e  i n v e s t i g a t e d  

f r o m  J a n u a r y  1 9 8 3  to t h e  e n d  of A u g u s t  1987.

P a t e C a s e  No. S i t e S a m p l e No. C e l l s R e s u l t s

4 / 1 / 8 3 F l / 8 3 S e a  r u n  R.T.1 s 6 6 R T G 2 N e g a t i v e

9 / 1 / 8 3 F 3 / 8 3 N P B  H i m e v i l ’e s 5 R T G 2 N e g a t i v e

1 1 / 1 / 8 3 F 4 / 8 3 M a c h a d o  R.T. F 7 3 F.TG2 N e g a t i v e

2 0 / 6 / 8 3 F 1 4 / 8 3 J.H. S t e y n F
5

R T G 2 N e g a t i v e

1 5 / 7 / Q 3 FI 9 / 6 3 M a c h a d o  R.T. F 6 R T G 2 N e g a t i  ve

2 5 / 7 / 8 3 P 2 4 / S 3 M i s t y  H i l l s F 8 R T G 2 N e g a t i v e

6 / 3 / 8 4 F 6 / 8 4 P o o r t j  ie s 5 F HM N e g a t i v e

5 / 4 / 0 4 F U / 8 4 W a t e r v a l F 20 F HM N e g a t i v e

2 2 / 5 / 8 4 F 1 9 /84 F l e a s a n t w a y s s 4 F HM N e g a t i v e

6 / 9 / 8 4 F 3 4 / 8 4 W a t e r v a l s 4 R T G 2 N e g a t i v e

2 1 / 9  84 F 3 6 / 8 4 F o o r t  J ie F 10 R T G 2 / F H M N e g a t i v e

7 / 1 2 / 8 4 F h . / 6 m C.J .  W i l l e F 6 P T G 2 / F H M N e g a t i v e

29/l/e5 F 2 /M M a l o n e y ' s  e y e F 2 P.TG2 N e g a t i v e

5/2/85 F 5 / 8 5 T P A  L y d e n b u r g F 9 P.TG2 N e g a t i v e

6 / 2 / 8 5 F 6 / 8 5 K r i t z i n g e r F 5 R T G 2 N e g a t i v e

2 0 / 2 / 8 5 F 8 / 8  5 W a t e r v a l

F

5 BF2 N e g a t i v e

2 0 / 2 / 8 5 F 9 / 8 5 A q u a c u l t u r e F 10 E F2 N e g a t i v e

2 7 / 2 / 8 5 F l l / 6 5 M a c h a d o  R.T. F 5 BF2 N e g a t i v e

2 7 / 2 / 8 5 FI 2 /85 M i s t y  H i l l s F 7 R T G 2 / F H M N e g a t i v e

1 4 / 3 / 8 5 F 1 5 /85 D e  K u i l e n F 9 F.TG2/FHM N e g a t i v e

1 4 / 3 / 0 5 F 1 6 / 8 5 A q u a c u l t u r a F 15 R T G 2 / F H M N e g a t i v e

1 4 / 3 / 0 5 F l ? / 8 5 M a l o n e y ' s  e y e F 5 R T G 2 / F H M N e g a t i v e

1 5 / 3 / 8 5 F 1 8 /85 P. S m i t h 5 R T G 2 N e g a t i v e

1 5 / 3 / 6 5 F 1 9 / S E W a t e r v a l S 1 R T G 2 N e g a t i v e

2 2 / 3 / 8 5 F 2 1 / 0 5 P l e a s a n t w a y s s 1 BF2 N e g a t i v e

2 6 / 3 / 0 5 F 2 2 / 8 5 P o o r t  j ie F 1 B F2 N e g a t i v e

1 9 / 4 / 8 5 F 2 6 / 8 5 P. S m i t h F 6 R T G 2 N e g a t i v e

: r. F 2 7 / 8 5 M a l o n e y ' s  e y e
c 10 R T G 2 N e g a t i v e

28/6 /eE F 3 3 / 8 5 W a t e r v a 1 F r y 55 R T G 2 P o s i t i v e

2 8 / 6 / 8 5 F 3 3 / 8 6 ( A ]W a t e r v a l F r y 50 R T G 2 / B F 2 P o s i t i v e

2e/6/85 F 3 3 / 8 5 (D W a t e r v a l F r y 50 R T G 2 / B F 2 P o s i t i v e

1 8 / 7 / 8 5 F 3 5 / 8 5 R. G r a b i e F 4 P.TG2 N e g a t i v e

1 / 8 / 8 5 F 3 0 / 8 5 W a t e r v a 1 F r y 13 R T G 2 N e g a t i v e

15/8/85 F^e/85 W a t e r v a l F ry 20 R T G 2 N e g a t i v e

2 2 / 1 1 / 8 5 F 6 0 / 8 5 M a l o n e y ' s  e y e F 10 B F 2 N e g a t i v e

2 6 / 1 1 / 8 5 F 6 1 / 8 5 W a t e r v a l F 15 R T G 2 N e g a t i v e

13/12/85 F 6 7 / 8 5 M i s t y  H i l l s F 9 R T G 2 N e g a t i v e

7/l/e6 F 3 / 8 6 Dr v a n  R e e n e r S 4 BF2 N e g a t i v e

7 / 1 / 8 6 F 5 / 8 6 M a c h a d o  R.T. S 6 R T G 2 / B F 2 N e g a t i v e

7/1/86 F8/06 P l e a s a n t w a y s s R T G 2 / B F 2 N e g a t i v e

3 / 1 / 8 6 F 9 / 8 6 W a t e r v a l s 20 R T G 2 / B F 2 N e g a t i v e

8/1/86 FI 1/86 P l e a s a n t w a y s 2 BF2 N e g a t i v e

9 / 1 / 8 6 F 1 3 / 8 6 Wa t e r v a 1 s 6 B F2 N e g a t i v e

9/ l/e6 F 1 4 / 8 6 K. C o m b r i n k s 2 B F2 N e g a t i v e

13/1/86 F 1 5 / 0 6 7.L.B. S m i t h F 6 R T G 2 / F H M N e g a t i v e

1 2 / 2 / 8 6 F 3 1 / 8 6 J o n k e r s h o e k F r y 6 R T G 2 / B F 2 N e g a t i v e
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D a t e C a s e  No. S i t e S a m p l e No. C e l l s R e s u l t s

1 8 / 2 / 9 6 F 3 3 / 8 6 F l s a n t e k r a a l F r y 15 R T G 2 / B F 2 N e g a t i v e

2 6 / 2 / 8 6 F 3 6 / 8 6 T i s a n t e k r a a 1 Fr y 19 R T G 2 / B F 2 N e g a t i v e

2 7 / 2 / 8 6 F 3 7 / 8 6 W a t e r v a 1 F r y 30 RT G 2 N e g a t i v e

2 7 / 2 / 8 6 F 3 8 / 8 6 P. S m i t h F 6 R T G 2 N e g a t i v e

6 / 3 / 0 6 F 4 l / 8 6 Dr v a n  R e e n e r r 4 BF2 N e g a t i v e

4 / 6 / 8 6 F 6 6 / 8 6 B u s h m a n s  R . T 3 B.S. 4 BF2 N e g a t i v e

9 / 6 / 8 6 F 6 9 / 8 6 F i s a n t e k r a a 1 F ry 35 R TG2 N e g a t i v e

1 9 / 6 / 8 6 F 7 0 / 8 6 W a t e r v a 1 S 2 R T G 2 N e g a t i v e

2 1 / 7 / 6 6 F 8 5 / 8 6 P. S m i t h 1 R TG2 N e g a t i v s

2 1 / 7 / 8 6 F 6 6 / 8 6 M o u n t a i n

c
3 R T G 2 N e g a t i v e

2 1 / 7 / 8 6 F 8 7 / 8 6 P. S m i t h 10 R T G 2 N e g a t i v e

24/e/86 F 9 5 / 8 6 Wa .erval i » ry 50 R T G 2 N e g a t i v e

2 4 / 8 / 8 6 F 9 6 / 8 6 W a t e r v a l ] F ry 40 B F2 N e g a t i v e

2 * / 8 / 8 6 F 9 7 / 8 6 W a t e r v a l ' F r y 25 R T G 2 N e g a t i v e

2 8 / 8 / 8 6 F 9 9 / 8 6 M a c h a d o  R.T. F 8 R T G 2 N e g a t i v e

2 8 / 8 / 8 6 F 1 0 0 / 8 6 M a c h a d o  R.T. F 10 R T G 2 P o s i t i v e

3 / 9 / 8 6 F 1 0 2 / 8 6 W a t e r v a 1 Fr > 110 R 1 G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 F 1 0 3 / 6 6 W a t e r v a l F r y 25 BF2 N e g a t i v e

3 / 9 / 8 6 F 1 0 6 / 8 6 M o n d i  H a t c h e r y Fry 50 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 F 1 0 7 / e 6 M o n d i  H a t c h e r y Fry 40 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 F 1 0 8 / 8 6 M o n d i  H a t c h e r y F r y 6 5 FT j2 / B F 2 N e g a t i v e

3 / 9 / 6 6 F 1 0 9 / 8 6 M o n d i  H a t c h e r y F ry 25 R T G 2 / F H M N e g a t i v e

3 / 9 / 8 6 FI 1 0 /86 M o n d i  H a t c h e r y t r y 95 F7 3 2 / F H M P o s i t i v e

3 / 9 / 8 6 F l l l / 8 6 M o n d i  H a t c h e r y F ry 5 R T G 2 / F H M N e g a t i v e

3 / 9 / 8 6 FI 1 2 / 8 6 M o n d i  H a t c h e r y Fr y 5 B F 2 / F H M P o s i t i v e

3 / 9 / 8 6 F 1 1 3 / 8 6 M o n d i  H a t c h e r y F ry 2 B F 2 / F H M Negat.' -e

3 / 9 / 8 6 FI 1 4 / 8 6 rPA4 L y i e n b u r j F ry 75 E F 2 / F H M N e g a t i v e

3 / 9 / 6 6 F 1 1 5 / 8 6 T P A  L y d e n b u r g F ry 30 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 6 6 F 1 1 6 / 8 6 T P A  L y d e n b u r g F ry 15 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 f  1 1 7 / M T P A  L y d e n b u r g F ry 30 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 F 1 1 8 , 06 T P A  L y d e n b u r g F ry 75 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 r 1 1 9 ■ K i n g f i s h e r F ry 25 R T G 2 / B F 2 P o s i t i v e

3 / 9 / 8 6 F 120/86 K i n g f  i s h e r F ry 25 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 F 1 2 1 / 8 6 K i n g f  i s h e r F r y 25 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 FI 2 2 / 8 6 .Sperwing F ry 25 R T G 2 / F H M P o s i t i v e

3 / 9 / 8 6 F 1 2 3 / 8 6 S p e r w i n g F ry 2 5 R T G 2 / F H M N e g a t i v e

3 / 9 / 8 6 F 12**/86 W i n i f r e d F ry 2 5 R T G 2 / F H M N e g a t i v e

3 / 9 / 8 6 F 1 2 5 / 8 6 K a t r i n a ' s  R u s t F r y 30 B F 2  FHM P o s i t i v e

3 / 9 / 8 6 F 1 2 6 / 8 6 K a t r i n a ' s  R u s t Fry 20 B F 2 / F H M P o s i t i v e

3 / 9 / 8 6 F 1 2 7 / 8 6 K a t r i n a ' s  R u s t F ry 150 BF 2 /FHM P o s i t i v e

3 / 9 / 6 6 F 1 2 8 / 8 6 F i s a n t e k r a a 1 Fry 5 R T G 2 / B F 2 N e g a t i v e

3/9/e6 F 1 2 9 / 8 6 F l s a n t e k r a a l F ry 10 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 F 1 3 0 / 6 6 F l s a n t e k r a a l Fry 15 R T G 2 / B F 2 P o s i t i v e

1 4 / 9 / 8 6 r 135/86 F l s a n t e k r a a l F ry 15 R T G 2 / B F 2 P o s i t i v e

:/10/b6 F 1 3 6 / 8 6 G. R u d e r t B.S.'. 3 R T G 2 / B F 2 N e g a t i v e

9 /1 V 0 f F 1 3 7 / 8 6 A q u a c u l t u i £ 4 R T G 2 / B F 2 N e g a t i v e

9 / ; i / 8 t FI 3 3 / 8 6 P. S m i t h F 6 R T G 2 / B F 2 N e g a t i v e

1 8 / 1 l/8 b F 1 4 9 / 8 6 F l s a n t e k r a a l F 15 R T G 2 / B F 2 N e g a t i v e
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D a t e C a s e S i t e S a m p l e No Cel Is R e s u l t s

1 / 1 2 / 8 6 F 1 5 2 / 8 6 M o u n t a i n s 40 P T G 2 / B F 2 N e g a t i v e

4 / 1 2 / 8 6 F 1 5 3 / 8 6 La R o c h e l l e F 30 R T G 2 / B F 2 N e g a t i v e

4 / 1 2 / 8 6 F 1 5 4 / 8 6 La R o c h e l l e S 150 R T G 2 / B F 2 N e g a t i v e

1 7 / 1 2 / 8 6 F 1 5 5 / 8 6 M a l o n e y ' s  e y e F 10 R T G 2 / B F 2 N e g a t i v e

1 8 / 1 2 / 8 6 FI 5 6 / 8 6 M a l o n e y  s e y e F 5 R T G 2 / B F 2 N e g a t i v e

6 / 1 / 8 7 F l / 8 7 A q u a c u l t u r a S 34 R T G 2 / B F 2 N e g a t i v e

8 / 1 / 8 7 F 2 / 8 7 P. S m i t h F 6 R T G 2 / B F 2 N e g a t i v e

1 4 / 1 / 8 7 F-4/87 Z i m b a b w e F ry 15 R T G 2 / B F 2 N e g a t i v e

2 7 / 1 / 8 7 F 1 5 / 8 7 Z i m b a b w e F ry 10 R T G 2 / B F 2 N e g a t i v e

2 9 / 1 / 8 7 FI 8 / 6 7 W a t e r v a l S 15 R T G 2 / B F 2 N e g a t i v e

6 / 2 / 6 7 F 2 6 / 8 7 U a t e r v a 1 F ry 70 R T G 2 / B F 2 N e g a t i v e

6 / 2 / 8 7 F 2 8 / 8 7 W a t e r v a l
c

3 P.TG2/BF2 N e g a t i v e

6 / 2 / 8 7 F 3 2 / 8 7 W a t e r v a  1 W . F . 3 R T G 2 / B F 2 N e g a t i v e

6 / 2 / 8 7 F 3 3 / 8 7 W a t e : v a l S 2 R T G 2 / B F 2 N e g a t i v e

6 / 2 / 8 7 F 3 4 / 8 7 W a t e r v a l s 3 R T G 2 / B F 2 N e g a t i v e

1 3 / 2 / 8 7 F 3 9 / 8 7 W a t e r v a l F
5

R T G 2 / B F 2 N e g a t i v e

1 7 / 2 / 8 7 F - l / 8 7 M a l o n e y ' s  e y e F ry 30 R T G 2 / B F 2 N e g a t i v e

2 3 / 2 / 8 7 F - 3 / 8 7 M a l o n e y ' s  e y e S 5 R T G 2 / Plr2 N e g a t i v e

2 3 / 2 / 8 7 F->4/87 M a l o n e y ' s  e y e Fry 30 RTG2/. :• N e g a t i v e

2 5 / 2 / 8 7 F * 5 / 8 7 W a t e r v a l F ry 45 RTG2/3i-'2 N e g a t i v e

2 3 / 3 / 8 7 F 5 7 / 8 7 W a t e r v a l S 15 R T G 2 / B F 2 N e g a t i v e

2 / 4 / 6 ' F 6 3 / 8 7 W.J. S n y m a n F 45 F.TG2/BF2 N e g a t i v e

3 / 4 / 8 7 F 6 4 / 8 7 W a t e r v a l F ry

e i

R T G 2 / B F 2 N e g a t i v e

3 / 4 / 8 7 F 6 5 / e 7 W a t e r v a l F 1 R T G 2 / B F 2 N e g a t i v e

2 3 / 4 / 8 7 F' 5 / 8 7 M a c h a d o  P.T. S 4 R T G 2 / B F 2 N e g a t i v e

2 3 / 4 / 6  7 F 7 6 / 8 7 M a c h a d o  P..T.
S

5 R T G 2 / B F 2 N e g a t i v e

2 3 / 4 / 8 7 F 8 2 / 0 7 W a t e r v a l Fry 25 R T G 2 / E F 2 N e g a t i v e

1 3 / 5 / 8 7 F 8 5 / 8 7 .•'itsa i t e k r a a l s 5 R T G 2 / B F 2 N e g a t i v e

1 3 / 5 / 8 7 F 8 6 / 0 7 F i s a n t e k r a a l s 5 R T G 2 / B F 2 N e g a t i v e

2 1 / 5 / 8 7 F 8 9 . f 7
Firi Fry 25 R T G 2 / B F 2 N e g a t i v e

2 5 / 5 / 8 7 F 9 0 / 8 7 W a t e r v a l S 5 R T G 2 / B F 2 N e g a t i v e

6 / 7 / 8 7 F 1 0 3 / 8 7 M a l o n e y ' s  e y e S 4 R T G 2 / B F 2 N e g a t i v e

1 6 / 7 / 0 7 FI 1 2 / 8 7 D e w d a l e B .S. 3 R T G 2 / B F 2 N e g a t i v e

1 6 / 7 / 8 7 F 1 1 8 / 6 7 N P B  K a m b e r g F 85 R T G 2 / B F 2 N e g a t i v e

2 3 / 7 / 8 7 F 1 2 1 / 8 7 E l a n d s p a d S 25 R T G 2 / B F 2 N e g a t i v e

2 4 / 7 / 8 7 F 1 2 2 / 8 7 M a l o n e y ' s  e y e S 5 R T G 2 / B F 2 N e g a t i v e

3 / 8 / 8 7 F 1 2 4 / 8 7 F i s a n t e k r a a l s 4 R T G 2 / B F 2 N e g a t i v e

3 / 8 / 8 7 F 1 2 9 / 8 7 W a t e r v a l Fry 60 R T G 2 / B F 2 N e g a t i v e

3 / 8 / 8 7 FI 3 0 / 8  ’ W a t e r v a 1 Fry 60 R 1 C 2 / B F 2 N e g a t i v e

3 / 8 / 8 7 F 1 3 1 / 8 7 W a t e r v a l Fry 100 R T G ^ / B F  > N e g a t i v e

6 / 8 / 8 7 Fl3f 17 M a c h a d o  R T. F ry 100 R T G 2 / B F 2 N e g a t i v e

2 1 / 8 / 8 7 F 1 « L  *B? R V L * A l l e r t o n S 15 R T G 2 / B F 2 N e g a t i v e

2 4 / 8 / 8 7 F 1 4 3 / 8 7 E l a n d s p a d F ry 200 R T G 2 / B F 2 N e g a t i v e

1 S e a r u n  R a i n b o w  T r o u t  F a r m  2 M a c h a d o  R a i n b o w  T r o u t  F a r m  

3 B u s h m a n s  R i v e r  T r o u t  F a r m  u T r a n s v a a l  P r o v i n c i a l  A d m i n i s t r a t i o n

5 R e g i o n a l  V e t e r i n a r y  L a b o r a t o r y  6 S l a u g h t e r  f i s h  

7 F i n g e r l i n g



1 1 2

A p p e n d i x  3. L i s t  cf  a l l  l o c a l i t i e s  f r o m  w h i c h  v i s c e r a  of  

a s y m p t o m a t i c  f i s h  w e r e  c o l l e c t e d  for v i r u s  i s o l a t i o n  f r o m  J a n u a r y  

1 9 8 3  to t h e  e n d  of A u g u s t  1987.

D a t e S i t e A g e S a m p l e N u m b e r C e l l s R e s u l t s

5 / 6 / 8 5 W a t e r v a l F r y

4

W 3

150 BF2 Negative

5 / 6 / 8 5 W a t e r v a l S 6 V 150 B F2 Negative

5 / 6 / 8 5 A q u a c u l t u r a S V 150 B F2 Negative

5 / 6 / 8 5 A q u a c u l t u r a S V 30 B F2 Negative

5 / 6 / 8 5 P l e a s a n t w a y s B . S * V 15 B F2 Negative

6 / 6 / 8 5 La R o c h e l l e S V 150 E F2 Negative

6 / 6 / 8 5 La R o c h e l l e F 2 V 50 B F2 Negative

6 / 6 / 8 5 M o n d i  H a t c h e r y F r y w 50 BF2 Negative

2 1 / 1 / 8 6 La R o c h e l i e S V 115 R T G 2 / B F 2 Negative

2 1 / 1 / 8 6 A q u a c u l t u r a S V 150 R T G 2 / B F 2 Negative

2 1 / 1 / 8 6 W a t e r v a l s V 150 R T G 2 / B F 2 Negative

2 1 / 1 / 8 6 P l e a s a n t w a y s F V 90 R T G 2 / B F 2 Negative

2 1 / 1 / 6 6 P l e a s a n t w a y s s V 5 R T G 2 / B F 2 Negative

2 1 / 1 / 8 6 S. C.ifford F V 85 R T G 2 / B F 2 Negative

2 1 / 1 / 8 6 S. G i f f o r d
c

V 25 RT02/BF2 Negative

2 6 / 2 / 8 6 P. S m i t h S V 150 R T G 2 / B F 2 Negative

3 / 6 / 8 6 B u s h m a n s  R.T.® F w 30 RTG2/BF2 Negative

3 / 6 / 8 6 B u s h m a n s  R.T. S V 126 R T G 2 / B F 2 Negative

3 / 6 / 8 6 R a i n b o w  L a k e s E.S. V 7 R T G 2 / B F 2 Negative

4 / 6 / 6 6 P. S m i t h s V 40 R T G 2 / E F 2 Negative

9 / 6 / 8 6 Fisar.tekrac 1 s V 150 R T G 2 / B F 2 Positive

1 6 / 7 / 8 6 M o u n t a i n s V 130 R T G 2 / B F 2 Negative

1 6 / 7 / 8 * La R o c h e l l e
g

V 120 R T G 2 / B F 2 Positive

1 6 / 7 / 8 6 P. S m i t h s V 115 R T G 2 / B F 2 Negative

1 7 / 7 / 8 6 T F A 7L y d e n b u r g Fr> w 140 R T G 2 / B F 2 Positive

1 7 / 7 / 8 6 d e  K u i l e n F r y w 160 R T G 2 / B F 2 Negative

1 8 / 7 / 6 6 P l e a s a n t w a y s F r y w 25 R T G 2 / B F 2 Negative

1 9 / 7 / 8 6 A q u a c u l t u r a S V 150 R T G 2 / B F 2 Negative

5 / 8 / 8 6 W a t e r v a l F r y w 85 R T I'J2/BF2 Negative

1 1 / 9 / 8 6 B u s h m a n s  R.T. F r y w 4 9 5 R T G 2 / B F 2 Negative

2 9 / 1 / 8 7 D r i e h o e k S V 150 P.TG2/BF2 Negative

2 9 / 1 / 8 7 W a t e r v a l B.S. V 150 R T G 2 / B F 2 Negative

2 9 / 1 / 8 7 K a t r i n a ’s R u s t S V 150 R T G 2 / B F 2 Negative

2 9 / 1 / 8 7 A q u a c u l t u r a S V 150 R T G 2 / B F 2 Negat ive

6 / 2 / 8 7 La R o c h e l l e F V 150 R T G 2 / B F 2 Negative

6 / 2 / 8 7 La R o c h e l l e B.S. V 150 R T G 2 / B F 2 Negative

6 / 2 / 8 7 T P A  L y d e n b u r g F V 150 R T G 2 / B F 2 Negative

5 / 3 / 8 7 d e  K u i l e n B . S V 150 R T G 2 / B F 2 Negative

5 / 3 / 8 7 L y d e n b u r g B.S. V 150 R T G 2 / B F 2 Negative

5 / 3 / 8 7 d e  K u i l e n B.S. V 150 R T G 2 / B F 2 Negative

5 / 3 / 8 7 P l e a s a n t w a y s B.S. V 144 R T G 2 / B F 2 Negative

5 / 3 / 8 7 P. S m i t h S V 150 R T G 2 / B F 2 Negative

5 / 3 / 8 7 M o u n t a i n B.S. V 50 R T G 2 / B F 2 Negative

3 / 4 / 8 7 L. T. Beck F V 50 R T G 2 / B F 2 Negative

3 / 4 / e 7 L. T. Bec k F V 150 R T G 2 / B F 2 Negative



1 1 3

D a t e S i t e A g e S a m p l e No C e l l s R e s u l t s

2 3 / 4 / 8 7 K i n g f i s h e r F V 150 R T G 2 / B F 2 Negative

2 i / 4 / 8 7 S c h o o n s p r u i t F r y w 150 R T G 2 / B F 2 N e g a t i v e

2 3 / 4 / 6 7 S p e r w i n g F ry w 150 R T C 2 / B F 2 Negative

2 3 / 4 / 8 7 S p e r w i n g F V 25 R T G 2 / E F 2 Negative

2 3 A / 8 7 S p e r w i n g F V 125 R T G 2 / B F 2 Negative

1 8 / 6 / 8 7 K a t r i n a ' s  R u s t F V 3 0 R T G 2 / B F 2 Negative

2 4 / 6 / 8 7 La R o c h e l l e F V 150 P.TG2/BF2 Negative

1 3 / 7 / 8 7 Qu a  G w a F V 20 R T G 2 / B F 2 Negative

1 6 / 7 / 8 7 W a t e r v a 1 F r y V 50 0 R T G 2 / B F 2 Negative

1 6 / 7 / 8 7 P. D o y l e F V 150 R T G 2 / B F 2 Negati ve

2 9 / 7 / 8 7 A q u a c u l t u r  a S V 150 R T G 2 / B F  2 Negative

2 9 / 7 / 8 7 W a t e r v a l S V 50 R T G 2 / B F 2 Negative

2 9 / 7 / 8 7 W a t e r v a l S V 150 R T C 2 / B F 2 Negative

1 3 / 8 / 8 7 R a i n b o w  L a k e s B.S. V 21 R T G 2 / B F 2 Negative

1 = B r o o d  s t o c k

2 * Fingerlir.g

3 * V i s c e r a  (Liver, s p l e e n  & k i d n e y )

4 ■> W h o l e  f i s h  (Fry t oo sp,«?11 to e v i s c e r a t e )

£ * S l a u g h t e r  f i s h  (and l e s s  t h a n  l y e a r  old)

6 * Eushraans P.T, * B u s h m a n s  R i v e r  T r o u t  F a r m

7 = T r a n s v n a l  P r o v i n c i a l  A d m i n i s t r a t i o n  

B « L i t t l e  T r o u t  Bec k



1 1 4

A p p e n d i x  4. L i s t  of  a 1 ] l o c a l i t i e s  f r o m  w h i c h  o v a r i a n  f l u i d  

s a m p l e s  f r o m  a s y m p t o m a t i c  f i s h  w e r e  c o l l e c t e d  f or v i r u s  i s o l a t i o n  

f r o m  J a n u a r y  1 9 8 3  to t h e  e n d  of A u g u s t  1 9 8 7

D a t e S i t e N u m b e r C e l l s R e s u l t s

* 6 / 8 5 P l e a s a n t w a y s 2 15 B F 2 N e g a t i v e

7 / 6 / 8 5 d e  K u i l e n 150 B F 2 N e g a t i v e

4 / 7 / 8 5 B u s h m a n s  R.T.1 45 B F 2 N e g a t i v e

1 9 / 7 / 8 5 R a i n b o w  L a k e s 110 B F 2 N e g a t i v e

2 / 3 / 8 6 B u s h m a n s  R.T. 85 R T G 2 / B F 2 N e g a t i v e

3 / 5 / 8 6 F i s a n t e k r a a l 35 R T G 2 / B F 2 N e g a t i v e

. 3 / 6 / 8 6 B u s h m a n s  R.T. 85 R T G 2 / B F 2 N e g a t i v e

3 / 6 / 6 6 R a i n b o w  L a k e s 30 R T G 2 / B F 2 N e g a t i v e

5 / 6 / C 6 P l e a s a n t w a y s 35 R T G 2 / B F 2 N e g a t i v e

7 / 6 / 8 6 d e  K u i l e n 150 R T G 2 / B F 2 N e g a t i v e

9 / 6 / 8 6 F i s a n t e k r a a l 45 R T G 2 / B F 2 N e g a t i v e

2 7 / 6 / 8 6 R a i n b o w  L a k e s 130 R T G 2 / B F 2 N e g a t i v e

A / 7 / 8 6 B u s h m a n s  R.T. 50 R T G 2 / B F 2 N e g a t i v e

1 6 / 7 / 8 6 La R o c h e l l e 10 R T G 2 / B F 2 N e g a t i v e

1 8 / 7 / 8 6 P l e a s a n t w a y s 120 R T G 2 / B P 2 N e g a t i v e

1 9 / 7 / 8 6 R a i n b o w  L a k e s 180 P.TG2/BF2 N e g a t i v e

2 4 / 7 / 8 6 A q u a c u l t u r a 165 F ~ ij2 / B F 2 P o s i t  ive

3 / 8 / 8 6 W a t e r v a l 75 R T G 2 / E F 2 N e g a t i v e

3 / 9 / 8 6 P l e a s a n t w a y s 20 R T G 2 / B F 2 N e g a t i v e

3 / 9 / 8 6 D r i e h o e k 90 R T G 2 / B F 2 N e g a t i v e

1 2 / 6 / 8 7 d e  K u i l e n 150 R T G 2 / B F 2 N e g a t i v e

1 2 / 6 / 8 7
K a t r i n a ' s  Rus t 40 R T G 2 / B F 2 N e g a t i v e

1 7 / 6 / 6 7 O wa G w a 160 R T G 2 / B / 2 N e g a t i v e

1 8 / 6 / 8 7 K a t r i n a ' s  R u s t 45 R T G 2 / B F 2 N e g a t i v e

1 8 / 6 / 8 7 P l e a s a n t w a y s 25 R T G 2 / B F 2 N e g a t i v e

1 3 / 7 / 8 7
P l e a s a n t w a y s 45 R T G 2 / B F 2 N e g a t i v e

1 3 / 7 / 6 7 T PA L y d e n b u r g 60 R T G 2 / B F 2 N e g a t i v e

1 3 / 7 / 8 7
TPA L y d e n b u r g 65 R T G 2 / B F 2 N e g a t i v e

1 3 / 7 / 8 7 P l e a s a n t w a y s 30 R T G 2 / B F 2 N e g a t i v e

1 6 / 7 / 8 7 B l y d e  R i v e r 20 O.TG2/BF2 N e g a t i v e

1 6 / 7 / 8 7
T P A * L y d e n b u r g 85 K T G 2 / B F 2 N e g a t i v e

1 6 / 7 / 8 7 P l e a s a n t w a y s n o R T G 2 / B F 2 N e g a t i v e

1 6 / 7 / 8 7 B u s h m a n s  R.T. 160 R T G 2 / B F 2 N e g a t i v e

2 3 / 7 / 8 7 E l a n d s p a d 40 R T G 2 / B F 2 N e g a t i v e

3 / 8 / 8 7 F i s a n t e k r a a l 10 R T G 2 / B F 2 N e g a t i v e  i

3 / 8 / 8 7 B l y d e  R i v e r 22 R 7 0 2 / B F 2  

..... .........

N e g a t i v e

1 = B u s h r a n s  R i v e r  T r o u t  F a r m

2 * T r a n s v a a l  P r o v i n c i a l  A d m i n i s t r a t i o n



1 1 5

A p p e n d i x  5. L i s t  of  all s a m p l e s  of  ova, b o t h  i m p o r t e d  an d  loca l ,  

e x a m i n e d  for t h e  p r e s e n c e  of v i r u s e s  f r o m  J a n u a r y  198 3  to t h e  e n d  

of  A u g u s t  1987.

D a t e C a s e  N o S o u r c e N o C e l l s Result*-

1 1 / 7 / 0 3 F 1 8 /83 d e  K u i l e n 1000 R T G 2 N e g a t i v e

1 4 / 2 / 8 5 F 9 / 8 5 U.S. A 200 R T G 2 N e g a t i v e

6 / 3 / 8 5 FI 3 / 8 5 U . S.A. 200 R T G 2 / B F 2 N e g a t i v e

2 / 1 1 / 8 5 F 5 6 / 8 5 U . S.A. 200 R T G 2 / B F 2 P o s i t i v e

3 / 1 / 6 6 F i / e * U .S. A . 200 R T G 2 / E F 2 N e g a t i v e

1 0 / 1 / 8 6 F 1 0 / 8 O E n g l a n d 200 R T G 2 / B F 2 N e g a t i v e

9 / 4 / 8 6 F 5 1 / 8 6 E n g l a n d 100 R T G 2 / B F 2 N e g a t i v e

2 9 / 4 / 8 6 F 5 5 / 8 E n g l a n d 200 B F2 N e g a t i v e

1 / 5 / 3 6 F 5 6 / 8 6 D e n m a r k 200 P.TG2/BF2 N e g a t i v e

3 / 5 / 8 6 F 5 7 / S 6 U.S. A . 200 R T G 2 / B F 2 N e g a t i v e

3 / 5 / 8 6 F59/e6 U.S.A. 200 R T G 2 / B F 2 N e g a t i v e

1 8 / l i / e 6 F 150/86 E n g l a n d 200 R T G 2 / B F 2 N e g a t i v e

1 5 / 1 / 8 7 FI- --87 D e n m a r k 200 R T G 2 / B F 2 N e g a t i v e

1 6 / 1 / 8 7 F 9 / 8 7 D e n m a r k 200 R T G 2 / E F 2 N e g a t i v e27/1 /67 F 17 / 8 7 E n g l a n d 200 P.TG2/BF2 N e g a t i v e

6 / 2 / 6 7 F 2 7 / 8 7 D e n m a r k 200 R T G 2 / E F 2 N e g a t i v e10/3/87 F 5 3 / 8 7 E n g l a n d 200 R T G 2 / B F 2 N e g a t i v e

1 2 / 3 / 8 7 F 5 4 / 8 7 E n g l a n d 200 R T G 2 / B F 2 N e g a t i v e

3 / 4 / 6 7 F 6 6 / 8 7 D e n m a r k 200 R T G 2 / E F 2 N e g a t i v e

3 / * / 6 7 F t ' '87 D e n m a r k 200 R T G 2 / B F 2 N e g a t i v e16/A/87 F 7 * / 8 7 D e n m a r k 200 P T G 2 / B F 2 N e g a t i v e

3 / 8 / 8 7 F 1 3 2 / 8 7 W a t e r v a 1 200 R T G 2 / B F 2 N e g a t i v e






