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A Virus, s e r-1 g i r a l l v  s i m i l a r  to t h e  V R 2 9 1? s e r o t y p e  of 

inf t* tt .» pan t r.-» i i n vii •; (IPNi was Is l a ted f rom

• -w ...» ~ . £': • ' d  !f i. • In f o u t h  Af ric a  for

t rv* f irst 1
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pvariar f l u i d  a a a p l a a  f r o a  a s y a p t o a a i l c  f i s h  w a s  c o l l e c t e d .  A 

v i r u s  s e r o l o g i c a l l y  a i s i l a r  tc t h e  Vfr.:9j s e r o t y p e  of IPN v i r u s

■ v i  •: a t h r e e  s i t e s  a n d  f r o m

a v a r l s '  f . u i l  * » * { . * »  fr = r,*» *;•*» a  t tal of I 2 0 0  e y e d  o va 

w a s  a l s o  : 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 n e
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a :! e<» •; 1 1: •• .«•!» »•»*.»■ 1 infill I ' w.is t -.n 1 tha* t h e  F H M  

c a l l s  : a b l y  lest t n e l r  S u s c e p t i b i l i t y  to t he t r c u t

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

v i r u s e s  f r o a  tr In S j'.h Afri <» w e r e  t he P T G 2  a n d  B F2 c e l l

11 n«*s

Th e  virvises w e r e  s e r o l o g i c a l l y  lde> t l f i e d  by t h e  s e r u m  n e u t -

» n t ;! ly t e c h n i q u e  a n d  t h e  

n e * ! >  deveiope-J d i r e c t  i m u n o a t a p h y  lo ; i - e:n A (I SPA )

T f e  4 l r e : t  i m a  test trt/trna u s e  of t h e  Ig'3 b i n d i n g  

i s  t fr t a i n  a w h i c h  is f o u n d  In t h e  c e l l  m e m b r a n e

1 ■- * ____ ._*J m r e - a  w a r  stralr a Tt.-- (r e d u r a a  f : r t h a

d i r e c t  l::Pa te«t a r e  s i m i l a r  to t h o s e  for t h e  d i r e c t  f l u o r e s c e n t  

ant it dy t e c h n i q u e

All the v i r u s e s  I s o l a t e d  In . u t h  Afr i  a w e r e  s e r o l o g i c a l l y  

the VRIi'J se: '■/(*-• os IfN v i r u s  w h i c h  is a N o r t h  

A s e r 1 an *ier * y pe A s l m l l t r  v i r j s  w a s  is lated f r o m  e y e d  t r o u t  

ova lBf r * e l  f r . w * he ' A an d  f ; t h e r e  r e a s o n s  it is p r o p o s e d  

t h a t  t h e  v i r u s  w»s intr luced lnt Afr i  I v i a  * v a  i m p o r t e d

f r s m  t h e  U S A
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1. I N T R O D U C T I O N .

T h e  r a i n b o w  t r out (S.=» 1 m»~i >• < i t >1n- •: i R i c h a r d s o n ,  1938) is a m e m b e r  

o f  the s a l m o n i d  f m i l y  of f i s h  w h i c h  o r i g i n a t e d  in t h e  n o r t h e r n -  

t e m p e r a t e  a n d  s u b a r c t i c  a r e a s  ( N e e d h a m ,  19€>9; S t e r b a ,  1967). T h i s  

s p e c i e s  n w h as a n  a l m o s t  w r l d w i d e  d i s t r i b u t i o n  as it h as b e e n  

i n t r o d u c e d  to a l l  c o n t i n e n t s  e x c e p t  A n t a r c t i c a  ( M o y l e  & C e ch, 

1982).

Th«- f i r s t  a t t e m p t s  t I n t r o d u c e  r a i n b o w  t r o u t  i n t o  S o u t h  A f r i c a  

w e r e  in 1896, but t h e s e  w e r e  u n s u c c e s s f u l .  In 189 7  m o r e  r a i n b o w  

• r o u t  w e r e  i n t r o d u c e d  a n d  t h e  f i s h  w h i c h  s u r v i v e d  b e c a m e  t h e  

f i r s t  b r o . d  s t : : k  at t h e  Jonker£ho>;»- h a t c h e r y  n e a r  S t e l l e n b o s c h  

(McC P o t t ,  19S7). T h e  f i r s t  r a i n b o w  t r o u t  to be i n t r o d u c e d  i n t o  

N a t a l  w e r e  o b t a i n e d  f r o m  t h e  J o n k e r s h o e k  h a t c h e r y  in 1 8 9 9  (Pike, 

1980).

T h e  f rst r i v e r  t b~ s* k ed w i t h  t r o u t  was t h e  E e r s t e  r i v e r  

n e a r  S t e l l e n t :s c h . T h i s  w a s  d : n e  by t h e  S t e l l e n b o s c h  Ar.gling C l u b  

in 1 699 (Hoy. 1910 ) .  R i v e r s  in t h e  C e r e s  a rea w e r e  s t o c k e d  in 

1901 (Hoy, 1916) a n d  • • • : ; i k e n s t e i n  A n g l i r r  C l u b  s t o c k e d

r i v e r s  in t h e  F a a r l  a nd F r a n s c h o e k  a r e a s  w i t h  a b o u t  150 0 0 0  f ry 

in 190 f <H:y, 1916). Tro'jt w e r e  l a t e r  i n t r o d u c e d  i n t o  t h e  H e x  

R i v e r  a n d  a n u m b e r  of o t h e r  r i v e r s  in t h e  a r e a  in 1 9 1 5  by  t h e  

W o r c e s t e r  A n g l i n g  C l u *  (Hoy, 1916*.

In the E.istern C a p e ,  t h e  F r o n t i e r  A c c l i m a t i z a t i o n  S o c i e t y  w a s  

e « t a b l  1 s h e d  in 189*. w i t h  t h e  a i m  of i n t r o d u c i n g  t r o u t  i n t o  t h e  

a r e a  A n  e x p a n s e  f w a t e r  at A m a l i n d a  n e a r  E ast L o n d o n  w as o p e n e d  

to t he p u b l i c  and stc :ked w i t h  trou t .  In 191 5  t h e  s t o c k i n g  of 

th i s  w a t e r  was s t o p p e d .  In 1 8 9 7  t h e  G o v e r n m e n t  o p e n e d  a h a t c h e r y  

In t he Per:.e F o r e s t s  n e a r  K i n g  W i l l i a m s  T o w n  (Hoy, 1916) w h i c h  is 

s t i l l  o p e r a t i o n a l .

T h e  T r a n s v a a .  A c c l i m a t i z a t i o n  S o c i e t y  w a s  e s t a b l i s h e d  w i t h  t h e  

m a i n  a i m  of i d e n t i f y i n g  s u i t a b l e  t r o u t  w a t e r s  in t he T r a n s v a a l . A 

h a t c h e r y  was e s t a b l i s e ^  at P o t c h e f s t r o o m  but t his was 

u n s u c c e s s f u l  d u e  to h i g h  t e m p e r a t u r e s  a n d  a lac k  of w a ter. T h e  

f i r s t  r e c o r d s  of s u c c e s s f u l  i n t r o d u c t i o n  of trou i n t o  t h e  

T r a n s v a a l  w as in th e  C a r o l i n a  a r e 3  in 191*4 (Hoy, 1 9 16). T o d a y  

m o s t  of t n e  t r o u t  p r o d u c e d  in t h e  c o u n t r y  c o m e  fro m  t h e  E a s t e r n  

T r a n s v a a l  T h e r e  w e r e  a t t e m p t s  to i n t r o d u c e  t r o u t  i n t o  t he O r a n g e  

F r e e  S t a t e  but all of  t h e s e  e a r l y  a t t e m p t s  w e r e  u n s u c c e s s f u l  

(Hoy, 1916).

T h e  f i r s t  G o v e r n m e n t  t r o u t  h a t c h e r y  w a s  b u i l t  at N e w l a n d s  in 

1992, bu t  t h i s  s o o n  p r o v e d  to be  t o o  s m a l l  a nd t he h a t c h e r y  at 

J o n k e r s h o e '  w a s  e s t a b l i s h e d  ir, 189** (McC Pott, 1987). T r o u t  a r e
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s t i l l  p r o d u c e d  o n  a s m n l l  r->'.alrs at t h e  J o n k e r s h o e k  h a t c h e r y  in 

t h e  C ^ p e ,  a l t h o u g h  t h e  C a p e  D e p a r t m e n t  o f  N a t u r e  C o n s e r v a t i o n  is 

n o  l o n g e r  i n v o l v e d  in  t h e  s t o c k i n g  of  p u b l i c  w a t e r s  w i t h  trout.

T h e  N a t a l  [ .=irks b o a r d  a l s o  e s t a b l i s h e d  a n u m b e r  of h a t c h e r i e s .  

T h e  f i r s t  of t h e s e  w a s  e s t a b l i s h e d  on  t h ?  f a r m  T e t w o r t h  on  t h e  

J a c k s o n  river (like, 1980). In 1 946 a h a t c h e - y  w as e s t a b l i s h e d  at 

U n d e r b e r g .  A t t e m p t s  w o r e  n a d »  to  c o n s t r u c t  a h a t c h e r y  at G i a n t s  

C a s t l e  G a m e  R e s e r v e  but t h e s e  w e r e  u n s u c c e s s f u l .  T h e  h a t c h e r y  at 

R o y a l  N a t a l  N a t i o n a l  P a r k  w a s  e s t a b l i s h e d  in 195 0  o n d  t h e  l a r g e s t  

o f  t h e  N a t a l  P a r k s  B o a r d  h a t c h e r i e s ,  at K a m b e r g  N a t u r e  R e s e r v e ,  

w a s  b u i l t  in 197 5  (Pike, I 9 60). A h a t c h e r y  w as a l s o  e s t a b l i s h e d  

in t he T r a n s v a a l  at L y d e n b u r g  w h i c h  w a s  o f f i c i a l l y  o p e n e d  in 

1 9 5 5  T h i s  h a t c h e r y  s u p p l i e d  t r o u t  o v a  to  f a r m e r s  in t h e  T r a n s ­

v a a l  u n t i l  r e c e n t l y .  There- is s t i l l  a l a r g e  b r o o d  p o p u l a t i o n  of 

r a i n b o w  t r o u t  at t h i s  h a t c h e r y .

Th< i l r ; * t r o u t  l arr in t h e  c o u n t r y  w a j  e s t a b l i s h e d  in 1 945 by Mr 

R R C h a r t e r  at M ai n e y ' s  tv*:- n e a r  J o h a n n e s b u r g  (McC Pott, 1979). 

In l <68 a:, c u t t r e a k  :f an u n o i a g n o s e d  d i s e a s e  c a u s e d  e x t e n s i v e  

:• : in t he c l o s u r e  of this farm (McC Pott,

1 9 7 9 ' .

T day, tr u* a re p r c d u : e d  in all f o u r  p r o v i n c e *  of t he c o u n t r y .  A 

l a r g e  f - r t i o n  of t h e  t a b l e  f i s h  p r o d u c e d  in S o u t h  A f r i c a  c o m e s  

f r■ the M a c h t d  3:rp, L y d e n b u r g .  D u l l s t r o o m ,  W a t e i v a l  B o v e n  an d  

S a b l e  a r e a s  of t he E a s t e r n  T r a n s v a a l .  S o m e  e f f o r t s  h a v e  b e e n  m a d e  

t p r : i u : e  t r o u t  in w a t e r s  c l o s e r  to J o h a n n e s b u r g  but t h e s e  

e n t e r r n s e s  h a v e  met w i t h  v a r y i n *  s u c c e s s .

Tr jt a r e  a l s o  p r o d u c e d  in t h e  W e s t e r n  C a p e  by a few l a r g e  e n t e r -  

£ r i s e s  A*, p r e s e n t  t h e r e  a r e  t wo f a r m s  in N a t a l  w h i c h  p r o d u c e  

tro Jt f r  t he m a r k e t .  B o t h  t h e s e  f a r m s  a r e  in t he D r a k e n s b e r g .

■ r« a r e  a | o f  o t h e r  f a r m s  in N a t a l  but m o s t  of th e

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

d a n s  in t h e  a r e a  T h e r e  a r e  a l s o  t w o  l a r g e  f a r m s  in Q w a  O w d  in 

t h e  . r a n g e  Fr>'e S t a t e  w h i c h  p r o d u c e d  a b o u *  >ne t e n t h  of  th e  

n a t i o n a l  a n n u a l  p r o d u c t i o n  in 1 9 6 5  (McC Pott. 1^87).

F o u r  b a s i c  m s t h o d s  for t r o u t  p r o d u c t i o n  a r e  utn > in S o u t h  A f r i c a ,  

T h e  s i m p l e s t  m e t h o d  is in e a r t h  p o n d s  w h i c h  a r e  d u g  in th e  

g r o u n d .  E x a m p l e s  of t h i s  m e t h o d  c a n  b e  s e e n  in F i g  1. T h e  

A m e ^ ' c s n  s t y l e  c o n c r e t e  r a c e w a y  s y s t e m  is a l s o  u ■ s d . T his c o n ­

s i s t s  of a l o n g  n a r r o w  c a n a l  w i t h  a w a t e r  i n f l o w  *t o n e  e n d  and 

an o u t f l o w  at t h e  o t h e r  end. E x a m p l e s  of t h e  r*.<. ay  s y s t e m  c jn 

te s e e n  in F ig 2. The s y s t e m  m o s t  c o m m o n l y  u s e d  on S o u t h  A f r i c a n  

t r o u t  f a r m s  is t h e  c i r c u l a r  p o n d  s y s t e m  (Fig. 3). w h i l e  c a g e  

c u l t u r e s  c a n  be  ' s ed if l a r g e  e x p a n s e s  o f  w a t e r  a r e  o''ailable 

(Fi g  4) .
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F i g  1. A n  e a r t h  d a m  for the 

c u l t i v a t i o n  cf  t r o u t  at t h e  

F i s a n t e k r a a l  t r o u t  h a t c h e r y  

in t h e  C a p e  F ’ovi n c e .

f i g  2. A m e r i c a n  .'yi-- n r e t e  r a c e - w a y  as s e e n  at t h e  N & t a l  

F a r ^ s  B o a r d  h a t c h e r y  at K a m b e r g .
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F i g  3. C i r c u l a r  t r o u t  p r o d u c t i o n  p o n d s  as s e e n  at t h e  farm, 

' W a t e r v a l '  in t h e  L y d e n b u i g  a r e a  of  t h e  E a s t e r n  T r a n s v a a l .

I

■

Fig 4. C a g e  c u l t j r e  s y s t e m  as s e e n  at ' A q u a c u l t u r a  P t y  Ltd' in 

t h e  B e l f a s t  a r e a  of t h e  E a s t e r n  T r a n s v a a l .

I



T r o u t  p r o d u c t i o n  in S o  th A f r i c a  t o t a l l e d  a b o u t  461 t o n s  d u r i n g  

1 9 8 5  w i t h  « n  ■ ' L m n t i o n  o f  a b o u t  5 2 0  t o n s  f or 1 9 8 6  (McC Pott, 

1987). T h e  m a r k e t  for t a b l e  t r o u t  in S o u t h  A f r i c a  is l i m i t e d  

h o w e v e r ,  d u e  to h i g h  p r i c e s  r e s u l t i n g  f r o m  h i g h  p r o d u c t i o n  c o sts. 

T h i s  has f o r c e d  s o m e  of t h e  producer*, to  l ook for a l t e r n a t i v e  

m a r k e t s ,  s u c h  as t h e  e x p o r t  of  t r o u t  o v a  to t h e  N o r t h e r n  

H e m i s p h e r e .  T r o u t  o n l y  b r e e d  d u r i n g  t h e  wint e i  a nd for j c o n s t a n t  

p r o d u c t i o n  of  m a r k e t  s i z e  fish, o v a  m u s t  be  o b t a i n e d  d u r i n g  t h e  

B u m m e r .  At p r e s e n t  t h e  o n l y  f e a s i b l e  s o u r c e  o f  ' l U M t r  o v a ’ is 

the S o u t h e r n  H e m i s p h e r e  w h e r e  o n l y  c f e w  S o u t h  A m e r i c a n  

c o u n t r i e s ,  N e w  Z e a l a n d ,  A u s t r a l i a  a n d  S o u t h  A f r i c a  a r e  c a p a b l e  of 

s u p p l y i n g  o v a  t t h e  N o r t h e r n  H e m i s p h e r e .

T h e  o n l y  maj r fr b ^ e m  r e s t r i c t i n g  t h e  e x p  r. of ov a  to E u r o p e  

is t h e  v e r y  s t r i n g e n t  h e a l rh r e q u i r e m e n t s  of m o s t  o f  t h e  

" s t  c o u n t r i e s  insi I n a h e a l t h  c e r t i f i c a t e  w h i c h  

s t a t e s  that t he f i s h  f r o m  w » i c h  t h e  o v a  w e r e  o b t a i n e d  h ad b e e n  

t e s t e d  r<-r t he p r e s e n c e  of  v i r u s e s  a n d  f o u n d  to be f r e e  f or t he 

p reviou- w o  y e a t s  at least.

T h e  g i e a t  i n t e r n a t i o n a l  d e m a n d  for S o u t h  A f r i c a n  t r o u t  o va has 

r e s u l t e d  i n  a r.eei f o r  t h e  v i r o l o g :  • n a t i o n  of t h e  trcut 

Ll t h i s  c o u n t r y .  B e f o r e  t h i s  c o u l I  • i n d e r t a k e n ,  th e  m e t h o d s  for 

i s o l e t l o n  a n d  i d e ntil : t h e  v i r u s e s  h a d  to be

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

for t h e  h e a l t h  c e r t L l  iti o f  t h e  f i s h  a r e  s t a n d a r d  a nd w e l l  

d o c u m e n t e d ,  t h e s e  p r o c e d u r e s  h a d  n ot b e e n  d o n e  in S o u t h  A f r i c a  

b e f o r e .  T o  t h i n  end, 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  o b t a i n e d  and 

p a s s a g e d .  S a m p l e s  of t h e  d i f f e r e n t  s e r o t y p 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 - r o s i s  v i r u s  ( IPN v i r u s ) ,  i n f e c t i o u s  h a e m a t o p o i e t i c  

r.e.rosis v i r u s  (IHN v . r u s )  , 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  

VHi v i r u s  ani h e r p e s v i r u s  s a l m . n i s  w e r e  o b t a i n e d  a n a  t h e  c y t o -  

p a t h l .  e f f e c t s  iCPEl of t h e s e  v i r u s e s  o n  t h e  d i f f e r e n t  c e l l  l i n e s  

idled T h e  p r o c e d u r e *  f o r  t h e  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 IPN v i r u s  w e r e  a l s o  i n v e s t i g a t e d  in d e t a i l .  T he 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 H S  v i r u s  a n d  IHtl v i r u s  a r e  

s i m i l i r  to t h o s e  f o r  IPN v i r u s  a nd w e r e  t h u s  not i n v e s t i g a t e d  in 

th e  s a m e  d e t a i l .

' ’ • ■ t • int f irt O f  t h i s  p r o j e c t  w as to c o l l e c t

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

m a t i c  f i s h  a nd t r o u t  ov a  to p e r f o r m  t h e  i s o l a t i o n  p r o c e d u r e s  on 

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

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



2. L I T E R A T U R E  R E V I E W

T h e  s t u d y  of  fis h  v i r u s e s  is a r e l a t i v e l y  n e w  f i e l d  of  v i r o l o g y ,  

w i t h  m o s t  of t h e  c u r r e n t  k n o w l e d g e  b e i n g  a c q u i r e d  s i n c e  1951 

( P i l c h e r  4 Fryer, 1980; W o lf, 1982). T h e  m a i n  r e a s o n  f o r  t h e  

i n c r e a s i n g  i n t e r e s t  in t h e  v i r a l  d i s e a s e s  of f i s h  is a r e s u l t  of 

t h e  w o r l d  w i d e  i n c r e a s e  in t h e  c u l t i v a t i o n  of  f i s h  for f o o d  as 

w e l l  as f r sport. M o s t  of t h e  i n f o r m a t i o n  on  v i r a l  d i s e a s e s  of 

f i s h  c o m e s  fro m  w o r k  c a r r i e d  o u t  on m e m b e r s  of t h e  s a l m o n i d  

f a m i l y  (Uolf, 156 6  T h i s  is d u e  to t h e  f a c t  that t h e  s a l m o n i d s  

a r e  t h e  « o » t  c o m m o n l y  c u l t i v a t e d  s p e c i e s  of  fish. T h e  f i r s t  

s u c c e s s f u l  i s o l a t i o n  of  a v i r u s  f r o m  a f i s h  w as in 1 9 b 7  (Wolf, 

J u i m b y ,  P y l e  4 D e x t e r ,  1960) w h e n  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 as I s o l a t e d  f r o m  trout. S i n c e  t h i s  f i r s t  i s o l a t i o n ,  

v i r u s e s  h a v e  t e e n  i s o l a t e d  f r o m  a w i d e  r a n g e  of fish, a nd a v i r a l  

e t i - . c g y  has t een e s t a b l i s h e d  or s u s p e c t e d  in m o r e  t h a n  50 

d i s e a s e s  Wolf, 1988; T h e r e  ha s  t e e n  a v e r y  r a p i d  i n c r e a s e  in 

k n o w l e d g e  m  v i r a l  d i s e a s e s  of  fish. T h i a  is i l l u s t r a t e d  by t h e  

f act t h a t  in 1982 W o l f  o n l y  l i s t e d  '.7 a i s e a s e s  for w h i c h  a v i r a l  

e t i o l o g y  jas p r o v e n  and a f u r t h e r  15 d i s e a s e s  for w h i c h  a v i r a l  

• t i o l o g y  w as susf«:*.e2 U o l f ,  1902), ye t  in 198 8  t h i s  n u m t e r  h ad 

i n c r e a s e d  to 50 Wolf, 1988). T h e  list of v i r a l  d i s e a s e s  of  f i s h  

is e v e r  i n c r e a s i n g  as m :re r e s e a r c h  is b e i n g  u n d e r t a k e n  a n d  o t h e r  

spe-.ies of fis h  a r e  s u b j e c t e d  to i n t e n s i v e  c u l t u r i n g .

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

v i r u s e s  fr-:m :ther h o s t  g r o u p s  and s o m e  of t h e  f i s h  v i r u s e s  h a v e  

t e e n  i n c l u d e d  into t h e  r h a b d o v i r u s . h e r p e s v i r u s ,  b i r n a v i r u s ,  a nd 

a d e n o v i r u s  gr ups It has b e e n  f o u n d  t h a t  b o t h  D N A  a n d  R NA 

v i r u s e s  a nd e v e n  d o u b l e  s t r a n d e d  F.NA v i r u s e s  a r e  r e p r e s e n t e d  

a m o n g  t h e  f i s h  v i r u s e s  T h e r e  is, h o w e v e r ,  o n e  m a j o r  d i f f e r e n c e  

t e t w e e n  v i r u s e s  i s o l a t e d  f r o m  f i s h  an d  o t h e r  a n i m a l s .  T h i s  is t h e  

o p t i m a l  t e m p e r a t u r e  f or r e p l i c a t i o n .  T h e  o p t i m a l  i n c u b a t i o n  

t e m p e r a t u r e s  for v i r u s e s  f r o m  s a l m o n i d  f i s h  a r e  b e t w e e n  10-20C, 

w h i l e  t h e  t e m p e r a t u r e  f or v i r u s e s  fro m  w a r m - w a t e r  f i s h  h as b e e n  

f o u n d  to be b e t w e e n  2 0 - 2 7C. T h e  o p t i m a l  i n c u b a t i o n  t e m p e r a t u r e  

for v i r u s e s  fr:m h o m e o t h e r m i c  v e r t e b r a t e s  ha s  b e e n  f o u n d  to be 

b e t w e e n  3 3 - 3 8 C

O f  t h e  50 v i r a l  d i s e a s e s ,  ■ ~ s u s p e c t e d  v i r a l  d i s e a s e s ,  of  f i s h  

W olf, 1988), o n l y  f i v e  h a v e  b e e n  f o u n d  to a f f e c t  r a i n b o w  trout. 

T h e s e  a r e  i n f e c t i o n s  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  

(IPN v i r u s ) ,  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  v i r u s  (IHN 

v i r u s ) ,  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  (VHS v i r u s ) ,  

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

t r o u t .



2.1. 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  (IPN v i r u s )

T h e  f i rst r e p o r t  of a d i s e a s e  r e s e m b l i n g  IP N  w a s  m a d e  in 1941 by 

M ' G o n i g l e  f r o m  C a n a d a  w h o  - e p o r t e d  an  o u t b r e a k  of  a d i s e a s e  in 

b r o o k  t r o u t .  T h i s  d i s e a s e  w a s  t e r m e d  ' a c u t e  c a t a r r h a l  e n t e r i t i s '  

( M ' G o n i g’e, 1941). W o od, S n i e s z k o  & Y a s u t a k e  (1955) i n v e s t i g a t e d  

a s i m i l a r  d i s e a s e  in b r o o k  t r o u t  h a t c h e r i e s  in 1 9 5 3  a n d  s u g g e s t e d  

a v i r a l  <*,'iology. F r o m  t h e  h i s t o p a t h o l o g y  t h e y  n a m e d  t h e  d i s e a s e  

i n f e c t i c j L  p a n c r e a t i c  n e c r o s i s  ( W o o d  et  a_l , 1955). T h e  i n f e c t i o u s  

n a t u r e  of  t h e  d i s e a s e  w a s  d e t e r m i n e d  ( S n i e s z k o ,  W o lf, C a m p e r  & 

P e t t i j o h n ,  1959) a n d  t h e  v i r u s  w a s  e v e n t u a l l y  i s o l a t e d  in 1 9 6 0  

( W o l f  et a_l, 1960). IPN v i r u s  h as b e e n  c l a s s i f i e d  as a m e m b e r  of 

t h e  bir n a v i r u :  g r o u p  d u e  to  t h e  d o u b l e  s t r a n d e d  b i - s e g m e n t e d  R NA 

of  t h e  v i r a l  g e n o m e  ( D o b o s ,  H i ll, H a l l e t ,  K e l l s ,  B e c h t  A 

T e n i n g e s ,  1 9 7 9  S i n c e  t h e  f i r s t  i s o l a t i o n  of I P N  v i r u s ,  t h i s  

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

T h e  v i r u s  ha s  b e e n  i s o l a t e d  f r o m  f i s h  in  t h e  U S A  ( W olf e t  a 1 . 

I960; P a r i s o t ,  Y a s u t a k e ,  A B r e s s l e r ,  1 9 6 3 ) ,  C a n a d a  ( M a c K e l v i e  & 

A r t s o b ,  1969), E u r o p e  ( B e s s e  A d e  K i n k e l i n ,  1965; V e s t e r g a r d -  

J o r g e n s e n  A B r e g n b a l l e ,  1 9 69; B t l l ,  M u n r o ,  E l lis. E l s o n ,  H o d g K i s s  

4 M c F a r l a n e ,  1971; S c h l o t f e l d t ,  L i e s s e  & F r o s t ,  1975), J a p a n  

(Sano, 1971,', Chill M c A l l i s t e r  A R e y e s ,  1984), K o r e a  ( H e d r i c k ,  

E a t o n ,  F r y e r .  Hah. Park, A H o n g ,  1965), T a i w a n  (H e d r i c k ,  Frye r ,  

C h e n  A Kou, 1983) a n d  S o u t h  A f r i c a  ( B r a g g  A C o m b r i n k ,  1 9 8 7 a ) .  IPN 

viri'S has ftot t • -n i s o l a t e d  f r o m  f i s h  in A u s t r a l i a  ( L a n g d o n ,  

H u m p h r e y ,  C o p l a n d .  C a r o l a n e ,  G u d k o v s  A L a n c a s t e r ,  1986).

IPN v i r u s  3nd o t h e r  b i r n a v i r u s e s  m o r p h o l o g i c a l l y  a n d  s e r o ­

l o g i c a l l y  s i m i l a r  to IPN v i r u s  h a v e  b e e n  I s o l a t e d  f r o m  a n u m b e r  

o f  d i f f e r e n t  s p e c i e s  of f i sh, b o t h  s a l m o n i d  ar.d n o n - s a l m o n i d  

( A d a i r  A F e r g u s o n ,  1981; H u d s o n .  B u c k e  A F o r r e s t .  1981; S c h u t z ,  

May ,  K r a e u t e r  A H e t r i c k ,  1984 ) .  M c A l l i s t e r  (1983) l i s t e d  a t o t a l  

of  15 s p e c i e s  of s a l m o n i a  f i s h  a n d  14 s p e c i e s  of  n o n - s a l m o n i d  

f i s h  f r o m  w h i c h  IPN or ' I P N - l i k e '  v i r u s e s  h a v e  b e e n  i s o l a t e d .  I PN 

v i r u s  h as a l s o  b e e n  i s o l a t e d  f r o m  m a r i n e  a n d  e s t u a r i n e  f i s n  

( M c A l l i s t e r ,  N e w m a n ,  S a u b e r  A O w e n s ,  1983; 1984; B o n a m i , 

C o u s s e r a n s ,  W e p p e  A H i l l ,  1983 ) .  C l i n i c a l  s i g n s  of d i s e a s e ,  

h o w e v e r ,  h a v e  o n l y  b e e n  n o t e d  in b r o o k  t r o u t  ( M ' G o n i g l e ,  1941), 

r a i n b o w  t r o u t  (Hill, 1 9 8 2 ) ,  b r o w n  t r o u t  a nd a t l a n t i c  s a l m o n  

( M a c K e l v i e  A A r t s o b ,  1969). I P N  or ' I P N - l i k e '  v i r u s e s  h a v e  b e e n  

i s o l a t e d  f r o m  m a r i n e  s h e l l f i s h  (Hill, 1 9 7 6 b ;  U n d e r w o o d ,  S m a l e ,  

Brcwii A H i l l ,  1977) bu t  t h e  p a t h o g e n i c i t y  of  t h e s e  i s o l a t e s  for 

s..ellfish is s t i l l  u n c o n f i r m e d  (Hill, 1 9 8 2 ) .



T h e  c l i n i c a l  f o r m  of  I P N  v i r u s  i n f e c t i o n  a p p e a r s  to  be  l i m i t e d  to  

fi s h  k e p t  u n d e r  i n t e n s i v e  h a t c h e r y  c o n d i t i o n s  (Munro, L i v e r s i d g e  

& E l s o n ,  1976) a n d  e p i z o o t i c s  h a v e  n ot b e e n  r e p o r t e d  f r o m  w i l d  

f ish (Hill. 1962). T h e  f i r s t  s i g n s  o f  an  i n f e c t i o n  w i t h  I P N  v i r u s  

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

f a s t e s t  g r o w i n g  f ry or f i n g e r l i n g s  ( P i l c h e r  & F r y e r ,  1980; H i ll, 

1902. R o b e r t s  & S h e p h e r d ,  1 9 8*). T h e  f i s h  a r e  u s u a l l y  d a r k  in 

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

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

m a n n e r  w i t h  a c o r k s c r e w  m o t i o n .  U n f o r t u n a t e l y  f i s h  w i t h  a n u m b e r  

of b a c t e r i a l  as w e l l  as o t h e r  v i r a l  i n f e c t i o n s  e x h i b i t  s i m i l a r  

s y npt its ar.i n : n e  of  t h e s e  s y m p t o m s  a r e  v e r y  c h a r a c t e r i s t i c  for 

[Wolf. 1 9 6 6 ) .  I n t e r n a l  e x a m i n a t i o n  r e v e a l s  a p a l e  l i v e r  

a n d  f p l e e n ,  f r e q u e n t l y  t o g e t h e r  w i t h  l a r g e  a m o u n t s  o f  w h i t i s h  

m u c u s  in t he l u m e n  cf ti. s t o m a c h  a n d  i n t e s t i n e .  P e t e c h i a l  

h a e m o r r h a g e s  c a n  o f t e n  be o b s e r v e d  in t h e  p y l o r i c  c a e c a  a n d  

p a n c r e a t i c  t i s sue. T h e  h i s t o p a t h o l o g y  o f  I PN i n c l u d e s  s e v e r e  

n e c r o s i s  of the p a n c r e a t i c  a c i n a r  c e l l s ,  w i t h  n u c l e a r  p i k n o s i s ,  

k a r y o r r h e x i s  and o z c a s i o n a l  i n t r a c y t o p l a s m i c  i n c l u s i o n  b o d i e s .  

( M u K n l g h t  A R o b e r t s .  1976).

It h as t ^ e n  f o u n d  t h a t  'fir s t  f e e d i n g '  f ry a r e  t h e  m o s t  s u s c e p ­

t i b l e  to  t h e  d i s e a s e .  w i t h  an i n c r e a s i n g  r e s i s t a n c e  w i t h  

ir.crej?ing a ge to a b o u t  5 - 6  m o n t h s  (Hill, 1982; M c A l l i s t e r  & 

R e y e s , 1984) T h e r e  has, h o w e v e r ,  b e e n  a r e p o r t  of I PN in y e a r ­

l i n g  r a i n b o w  t r o u t  ( K l a z h a r y ,  L a g a c e ,  C o u s i n e a u ,  Roy, B e r t h i a u m e ,  

P l u l h U i  & h t t t v ,  1976). R o b e r t s  & M c K n i g h t  (1976) a l s o

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

w h i c h  h a i  s u r v i v e d  a n  o u t b r e a k  of  IPN.

IPN v i r u s  1 3 t h e  m o s t  t h o r o u g h l y  c h a r a c t e r i z e d  of  all t h e  f i s h  

v i r u s e s  (Hill, 1982) w i t h  d e t a i l e d  r e p o r t s  on  th e  b i o c h e m i c a l  

( K e l l y  4 Loh, 1972; U n d o r w  1 a_£, 1977; C h a n g ,  M a c D o n a l d  & 

Y a m a m o t o ,  1978), b i o p h y s i c a l  (Dobos, H a l l e t t .  K e l l s ,  S o r e n s e n  & 

Rowe, 1977) a nd p h y s i c o - c h e m i c a l  (Cohen, P o i n s a r d  & S c h e r r e r ,  

1973) c h a r a c t e r i s t i c s  of t h e  v i r i o n  a n d  its g e n e t i c  m a t e r i a l  

(Dobos 1976. M a c D o n a l d  & Y a m a m o t o ,  1 9 7 7 ) .  F r o m  e l e c t r o n  m i c r o ­

s c o p e  s t u d i e s  d o n e  on t h e  v i r u s  (Most & G r a v e l l ,  1969; K e l l y  4 

Loh, 1972; Hill, 1982) it w a s  f o u n d  t h a t  t h e  v i r u s  is i c o s a h e d r a l  

w i t h  a d i a m e t e r  of 59  - 71 n m . E a c h  c a p s i d  is c o m p o s e d  of  180 

s t r u c t u r a l  s u b - u n i t s  s h a r e d  by 92 p e n t a g o n a l  a n d  h e x a g o n a l  

c a p s c m e r e s .  It w as d e t e r m i n e d  t h a t  t h e  I PN v i r u s  h as f o u r  p o l y ­

p e p t i d e s  of a p p r o x i m a t e  m o l e c u l a r  w e i g h t s  of 9 0 , 0 0 0 ,  6 0 , 0 0 0 ,  

2 9 , 0 0 0  a n d  2 7 , 0 0 0  d a l t o n s  by  p o l y a c r y l a m i d e - g e l  e l e c t r o p h o r e s i s  

(Dobos et a l , 1977). it w a s  f o u n d  t h a t  t h e  g e n o m e  o f  IPN v i r u s  

m a k e s  u p  8 . 7 "  of t h e  t o t a l  v i r a l  m a s s  (Hill, 1982). T h e



g e n e t i c  m a t e r i a l  c o n s i s t s  of  t w o  d o u b l e  s t r a n d e d  R N A  

s e g m e n t s  (Dobos, 1 9 7 6 ) ,  w i t h  a n  a p p r o x i m a t e  m o l e c u l a r  

w e i g h t  o f  b e t w e e n  2 . 2  x 10® to 2 . 3  x 10 f or t h e  o n e  s e g m e n t  

a n d  2 . A x 1 0 6 to 2 . 5  x 1 C® f or t h e  o t h e r  s e g m e n t  (Dodos, 1976; 

H i l l ,  1982).

T h e  s e r o l o g y  of IPN v i r u s  is v e r y  c o m p l e x .  C r o s s - n e u t r a l i z a t i o n  

s t u d i e s  W If & O u i m b y ,  197J ; V e s t e r g a r d - J o r g e n s e n  4 K e h l e t , 

1971; L i e n t z  4 S p r i n g e r ,  1 9 73) s h o w  t h a t  t h e r e  is q u i t e  a w i d e  

a n t i g e n i c  d i v e r s i t y  a m o n g s t  th- s t r a i n s  of I P N  v i rus. H i l l  (1982) 

i d e n t i f i e d  four s e r o t y p e s  o f  IPN v i r u s  in E u r o p e  w h i c h  d i f f e r  

m a r k e d l y  f r o m  t h e  t h r e e  or  f o u r  s e r o t y p e s  of  t h e  v i r u s  i s o l a t e d  

in t he U S A  a n d  t h r e e  s t r a i n s  i s o l a t e d  in C a n a d a  ( M a c D o n a l d ,  M o o r e  

4 S c u ' e r ,  1983). T h e  r e c e n t  d e v e l o p m e n t  of m o n o c l o n a l  a n t i b o d i e s  

a g a i n s t  t h e  W e s t  E u x t o n  ( N o r t h  A m e r i c a n )  s e r o t y p e  of I PN v i r u s  

( C a a w a l l - R a n o ,  R e no, 4 N i c h o l s o n ,  1 9 86) m a y  a s s i s t  in t h e  

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

d i f f e r e n t  i s o l a t e s  of I PN v i r u s .  T h e r e  a r e  t h r e e  s e r o t y p e s  of  I PN 

v i r u s  w h l . h  a re m o s t  c o m m o n l y  u s e i  as r e f e r e n c e  s e r o t y p e s .  T h e s e  

a r e  t h e  V R 2 9 9  aai t p a  w h i c h  w a  Ited f r o m  f i s h  in t h e  U S A

a n d  t h e  At an d  Sp s e r o t y p e s  w h i c h  w e r e  b o t h  i s o l a t e d  f r o m  f i s h  in 

E u r o p e .

i.2. 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  v i r u s  (IHN)

T h e  f i r s t  r e p o r t  of  a d i s e a s e  w h i c h  c o u l d  h a v e  b e 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  w a s  m a d e  by R u c k e r ,  W h i p p l e ,  P a r v i n  & 

E v a n s  (1953) w h o  i n v e s t i g a t e d  a d i s e a s e  in s o c k e y e  s a l m o n .  

U n f o r t u n a t e l y ,  t h e  v i r u s  w as l o s t  d u r i n g  s t o r a g e .  A n o t h e r  

o u t b r e a k  of a d i s e a s e  in J u v e n i l e  s o c k e y e  s a l m o n  w as i n v e s t i g a t e d  

and a v i r u s  was i s o l a t e d  f r o m  t h e s e  f i s h  ( W i n g f i e l d ,  F r y e r  & 

P i l c h e r ,  1969/. W i n g f i e l d  gt al (1969) d e s c r i b e d  t he v i r u s  a n d  it 

w a s  p r o p o s e d  that t h i s  w a s  t h e  s a m e  v i r u s  w h i c h  h a d  b e e n  i s o l a t e d  

by R u c k e r  et aj, (1953). T h e  f i r s t  r e p o r t  o f  a s i m i l a r  i n f e c t i o n  

in r a i n b o w  t r o u t  w as in 1 9 6 7  (Amend, Y a s u t a k e  & Mead, 1969). T h e  

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

p o i e t i c  t i s s u e  of t h e  k i d n e y  a n d  s p l e e n  a n d  t h e  d i s e a s e  w a s  

n a m e d  ' 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 '  ( A m e n d  £t a_i, 1969).

T h e  v i r u s  is b u l l e t  s h a p e d  ( A m e n d  & C h a m b e r s ,  1970) w i t h  an 

a v e r a g e  l e n g t h  of 1 6 0 n m  a n d  an a v e r a g e  w i d t h  of  90nm. It h a s  an 

o u t e r  c o a t  of 1 5 n m  t h i c k  a n d  an i n n e r  c o r e  of  6 0 n m  in d i a m e t e r  

(A mend 4 C h a m b e r s ,  1 9 70). T h e  n u c l e i c  a c i d  of IH N  v i r u s

c o n s i s t s  of RNA ( M c C a i n .  F r y e r  4 P i l c h e r ,  1974). F r o m  t h e  r e s u l t s



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

r a t i o  of  a d e n y l i c  a n d  u r i a y l l c  a c i d s  it c a n  be s e e n  t h a t  t h e  R N A  

is s i n g l e  s t r a n d e d  (F’i l c h e r  & F r y e r ,  1 9 80). In t h e  l i g h t  of t h e  

a b o v e  I n f o r m a t i o n  IHN v i r u s  w a s  c l a s s i f i e d  as a r h a b d o v i r u s  

(A m e n d , 1974).

IHN v i r u s  h a s  b e e n  i s o l a t e d  in t h e  U S A  f r o m  s o c k e y e  s a l m o n ,  

c h i r o o k  s a l m o n .  r a i n b o w  t r o u t  (Amend, 1974) s t e e l h e a d  t r o u t  a nd 

c u t t h r o a t  trou* ( M u l c a h y ,  1984). S a n o ,  N i s h i m u r a ,  O k a m o t o  

Y a a a z a k i ,  Hanadc. & U a t a n a b e  (1977) r e p o r t e d  t h e  I s o l a t i o n  of IHN 

v i r u s  f r o m  r a i n b o w  t r o u t  in J a p a n ,  a n d  it h as r e c e n t l y  b e e n  

r e p o r t e d  in E u r o p e  (Bovo, C i o r g e t t i ,  V e s t e r g a r d - J o r g e n s e n  & 

O l e s y n ,  1967) T h e  v i r u s  ha s  not b e e n  r e p o r t e d  in f i s h  f r o m  

A u s t r a l i a  ( L a n g d o n  £t a i , 1986) or A f r i c a .

c ish i n f e . t e i  w i t h  IHN v i r u r  b e c o m e  l e t h a r g i c ,  w i t h  s p o r a d i c  

w h i r l i n g  a n d  h y p e r a c t i v i t y  (Amend, 197<>). T h e r e  is u s u a l l y  a 

» ; .Jen in r e i s e  in t h e  m o r t a l i t y  r a t e  a nd t h e  f i s h  h a v e  a d a r k  

C'lour ( P i l c h e r  A Fryer, 1-"3I T h e r e  is o f t e n  e x o p h t h a l m i a .  an

• :• : wirr, f l u i d  ar..i fa-r .r c a s t s  ( P i l c h e r  & F r yer,

I960; H c t e r t i  1 S h e p n e r d ,  1986) T h e  st k i d n e y  a n d  l i v e r

f a !•* w .m  . » r <-• r * -• i: f i l l e d  w i t h  a m i l k y  flui d .  T h e r e  

a re h :al ha*-- r r h a g e s  in t h e  vis e r a l  a d i p o s e  t i s s u e .  M i c r o ­

s c o p i c a l l y ,  the t o s t  o u t s t a n d i n g  f e a t u r e  i ■ :o s i s  o f  t he 

hae*at' ; >ietic t i s s u e  t h e  k i d n e y  a nd s p l e e n .  T h e  e n v i r o n m e n t a l  

tenf'-rat ire a p p e a r s  t b- v e r y  i m p o r t a n t  in I HN v i r u s  i n f e c t i o n  

a n d  it h a s  b e e n  f o u n d  that e p i z o o t i c *  d o  n o t  o c c u r  if t h e  w a t e r  

t*»Bferar ire is at .ve 1‘ F i s h  f a ll a g e s  a p p e a r  to b e  a f f e c t e d  

by IHN v i r u s  ( P i l c h e r  4 F r y e r ,  1980).

i 3. 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  (VHS).

T h e  f i r s t  r e p o r t  of V H S  w a s  f r o m  d i s e a s e d  r a i n b o w  t r o u t  n e a r  a 

s n a i l  v i l l a g e  c a l l e d  E g t v e d  in D e n m a r k  (Jens e n .  1963). T h e  

d i s e a s e  w a s  f i rst '-.ailed ' E g t v e d  d i s e a s e * .  A v i r a l  e t i o l o g y  for 

t h i s  d i s e a s e  was e s t a b l i s h e d  a ter tine i s o l a t i o n  of a v i r u s  by 

J e n s e n  (1965). The v i r u s  w a s  d e s c r i b e d  as b e i n g  m o r p h o l o g i c a l l y  

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

(Zwi 1 ier.fcerg, J e n s e n  A . . . e n b e r g ,  1965). T h e s e  r e s u l t s  w e r e  

c o n f i r m e d  by d e  K i n k e l i n  4 S c h e r r e r  (1970). T h e  l e n g t h  of t h e  

>• w as f o u n d  to be  b e t w e e n  1 0 0 - 2 0 0  nm  ( Z w i l l e n h e r g  et gj., 

1965) w i t h  a d i a m e t e r  of 7 0 - 8 0  n m . S c h e r r e r  (1973) f o u n d  a 

l e n g t h  of b e t w e e n  1 8 0 - 2 4 0  nm w i t h  a d i a m e t e r  of  60 - 75 nm. H i ll,
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U n d e r w o o d ,  S m a l e  A D r o w n  (1975) f o u n d  t h a t  t h e  n u c l e i c  a c i d  f r o m

V H S  v i r u s  wa r  R N A  a n d  t h e  s i n g l e  s t r a n d e d  n a t u r e  w a s  e s t a b l i s h e d

by R o b i n  & R o d r i g u e  (1977). F r o m  t h e s e  r e s u l t s  V H S  v i r u s  ha s  bt-on

c l a s s i f i e d  as a r h a b d o v i r u s .

T h i s  v i r u s  h a s  o n l y  b e e n  i s o l a t e d  f r o m  f i s h  in E u r o p e a n  an d  

S c a n d i n a v i a n  c o u n t r i e s  w e r e  it is a s e . a o u s  p r o b l e m ,  r e s u l t i n g  in 

t he l o s s  of  a b o u t  20  0 0 0  to 30 0 0 0  t o n s  o f  f i s h  p e r  y e a r  (de 

K i n k e l i n ,  1982). T h e  d i s e a s e  h a s  b e e n  r e p o r t e d  in D e n m a r k ,  

C z e c h o s l o v a k i a , F r a n c e ,  G e r m a n y ,  Italy, N o r w a y ,  P o l a n d  a n d  S w e d e n  

(Uolf, 1972). T h e  v i r u s  has n o t  b e a n  i s o l a t e d  f r o m  t h e  USA, 

C a n a d a  a n d  A u s t r a l i a  (L a n g d o n  gt  a_l, 1986).

T h e  m o s t  s u s c e p t i b l e  s p e c i e r  cf f i n h  is t h e  r a i n b o w  t r o u t ,  w i t h  

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

f i s h  ( P i l c h e r  A F r y e r ,  1980). V H S  v i r u s  h a s  a l ' O  b e e n  i s o l a t e d  

f r o *  m a r i n e  r e a r e d  r a i n b o w  t r o u t  ( H o r l y c k ,  M e l l e r g a r d ,  D a l s g a a r d  

A V e s t e r g a r d - J o r g e n s e n , 1 9 8 a ). E x p e r i m e n t a l  i n f e c t i o n s  h a v e  

r e v e a l e d  tha t  s e a  ba. t u r b o t  ( C M t r l c  A d e  K i n k e l i n ,  1 9 8 a ) a n d  

a t l a n t i c  s a l m o n  (de K i n k e l i n  A C a s t r i c ,  1 9 82) a r e  s u s c e p t i b l e  to 

V H S  v i r u s .  T h e  viru: h as a l s o  b e e n  i s o l a t e d  f r o m  d i s e a s e d  p i k e  

(Meier A P f i s t e r ,  19S1) a n d  f r o m  a s y m p t o m a t i c  w i l d  w h i t e  f i s h  

(A h n e  A T h o m s e n ,  1985). It h as b ~ e n  f o u n d  tha t  V H S  n o r m a l l y  o n l y  

o c c u r s  w h e n  t h e  w a t e r  t e m p e r a t u r e  is l o w e r  t h a n  8C ( P i l c h e r  A 

Fryer, 1980). H o r l y  Jt |] <•. . . I ive r t p o r t M  V M S  in r a i n b o w

trout r e a r e d  in s e a w a t e r  at 1 1 C  to I a C a n d  R o b e r t s  (1980) s t a t e s  

that t h e  u p p e r  t e m p e r a t u r e  l i m i t  for V H S  is ISC.

T h e r e  a r e  t h r e e  s t > g e s  in V H S  v i r u s  I n f e c t i o n .  In t h e  a c u t e  

stage, m o r t a l i t i e s  i n c r e a s e  s u d d e n l y  a n d  t he f i s h  h a v e  a d a r k  

c o l o u r  T h e r e  is o f t e n  e x o p h t h a l m i a ,  a nd haetnorr h a g i c  s t r e a k s  in 

th e  g i l l s  a nd t h e  c o n n e c t i v e  t i s s u e  of t h e  eye. In t h e  c h r o n i c  

stage, t h e  m o r t a l i t y  r a ^ e  d r o p s ,  but m o r t a l i t i e s  p e r s i s t  fo r  a 

long time. T h e  f i s h  b e c o m e  v e r y  d a r k  in c o l o u r ,  an d  h a v e  s e v e r e  

e x j p n - h a l m i a . In t h e  t e r m i n a l  s t a g e s  of t h e  i n f e c t i o n ,  t h e  f i s h  

s w i m  in a s p i r a l  f a s h i o n  w i t h  f ew o t h e r  s y m p t o m s .  U s u a l l y  all 

t h r e e  s t a g e s  of  t h e  d i s e a s e  a r e  p r e s e n t  in  a p o p u l a t i o n  ( P i l c h e r  

A Fryer. 1980). T h e  m o s t  c h a r a c t e r i s t i c  p a t h o l o g i c a l  c h a n g e  is 

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

a d i p o s e  t i s s u e .  s w i m  b l a d d e r  a n d  i n t e s t i n e .  T h e  l i v e r  is o f t e n  

b r i g h t  r ed in t h e  a c u t e  s t a g e s  b ut p a l e  d u r i n g  t h e  c h r o n i c  s t age. 

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

t h e  h e p a t o c y t e s  c a n  be seen. T h e  k i d n e y  is r e d d e n e d  a n d  t h i c k e n e d  

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

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

k i d n e y s  r e v e a l s  n e c r o s i s  in t h e  n e p h r o n s  c y t o p l a s m i c  

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

t u b u l e s  a n d  g l o m e r u l a r  o e d e m a  ( P i l c h e r  A F r y e r ,  1980).



U n d e r w o o d ,  S m a l e  & B r o w n  (1975) f o u n d  t h a t  t h e  n u c l e i c  a c i d  f r o m  

V H S  v i r u s  w a s  R N A  a n d  t h e  s i n g l e  s t r a n d e d  n a t u r e  w a s  e s t a b l i s h e d  

by  R o b i n  & R o d r i g u e  (1977). F r o m  t h e s e  r e s u l t s  V H S  v i r u s  h a s  b e e n  

c l a s s i f i e d  as a r h a b d o v i r u s .

T h i s  v i r u s  ha s  o n l y  b e e n  i s o l a t e d  f r o m  f i s h  in E u r o p e a n  and 

S c a n d i n a v i a n  c o u n t r i e s  w e r e  it is a s e r i o u s  p r o b l e m ,  r e s u l t i n g  in 

t h e  l o s s  of a b o u t  20  0 0 0  to  30  0 0 0  f o n s  o f  f i s h  p er y e a r  (de 

X i n k e l i n ,  1962). T h e  d i s e a s e  h a s  b e e n  r e p o r t e d  in D e n m a r k ,  

C z e c h o s l o v a k i a ,  F r a n c e ,  G e r m a n y ,  Ital y ,  N o r w a y ,  P o l a n ,1 a n d  S w e d e n  

(Wolf, 1972 ) .  T h e  v i r u s  h a s  n o t  b e e n  i s o l a t e d  f r o m  t h e  USA, 

C a n a d a  an d  A u s t r a l i a  ( L a n g d o n  et  a l , 1986).

T h e  m ost s u s c e p t i b l e  s p e c i e s  of f i s h  is t h e  r a i n b o w  t r o u t ,  w i t h  

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

f i s h  ( P i l c h e r  A F r y e r ,  1980 ) .  V H S  v i r u s  h as a l s o  b e e n  i s o l a t e d  

f r o m  m a r i n e  r e a r e d  r a i n b o w  t r o u t  ( H o r l y c k ,  M e l l e r g a r d ,  D a l s g a a r d  

A V e s t e r g a r d - J o r g e n s e n , 1984). E x p e r i m e n t a l  i n f e c t i o n s  h a v e  

r e v e a l e d  t h a t  s ea bass, t u r b o t  ( C a s t r i c  & d e  K i n k e l i n ,  1984) and 

atlar.tic s a l m o n  (de K i n k e l i n  & C a s t r i c ,  1982) a r e  s u s c e p t i b l e  to 

V H S  v i r u s .  T h e  v i r u s  h as a l s o  b e e n  i s o l a t e d  f r o m  d i s e a s e d  p i k e  

( M e i e r  & P f i s t e r .  1981) a nd f r o m  a s y m p t o m a t i c  w i l d  w h i t e  f i s h  

( A h n e  & T h o m s e n .  1985). It h a s  b e e n  f o u n d  t h a t  V H S  n o r m a l l y  o n l y  

o c c u r s  w h e n  th e  w a t e r  t e m p e r a t u r e  is l o w e r  t h a n  8C  ( P i l c h e r  & 

Frye r ,  1980). H o r l v  K |] t l ■ (1984) h a v e  r e p o r t e d  V H S  in r a i n b o w  

t r o u t  r e a r e d  in s e a w a t e r  at 1 1C to  1 4 C  a n d  R o b e r t s  (1980) s t a t e s  

t h a t  t h e  u p p e r  t e m p e r a t u r e  l i m i t  for V H S  is 15C.

T h e r e  a r e  t h r e e  s t a g e s  in V H S  v i r u s  i n f e c t i o n .  In t h e  a c u t e  

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

c o l o u r .  T h e r e  is o f t e n  e x o p h t h a l m i a ,  a n d  h a e m o r r h a g i c  s t r e a k s  in 

t h e  g i l l s  a nd th<- c o n n e c t i v e  t i s s u e  of t h e  eye. In t h e  c h r o n i c  

s t a g e ,  t h e  m o r t a l i t y  r a t e  d r o p s ,  b ut m o r t a l i t i e s  p e r s i s t  for a 

l o n g  time. T h e  f i s h  b e c o m e  v e r y  d a r k  in  c o l o u r ,  a nd h a v e  s e v e r e  

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

s w i m  in a s p i r a l  f a s h i o n  w i t h  f e w  o t h e r  s y m p t o m s .  U s u a l l y  all 

t h r e e  s t a g e s  of t h e  d i s e a s e  a r e  p r e s e n t  in a p o p u l a t i o n  ( P i l c h e r

4 F r yer, 1980). T h e  m o s t  c h a r a c t e r i s t i c  p a t h o l o g i c a l  c h a n g e  is 

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

a d i p o s e  t i s s u e ,  s w i m  b l a d d e r  a n d  i n t e s t i n e .  T h e  l i v e r  is o f t e n  

b r i g h t  r ed in t h e  a c u t e  s t a g e s  b u t  p a l e  d u r i n g  t h e  c h r o n i c  s t age. 

M i c r o s c o p i c a l l y ,  n e c r o t i c  foc i  a n d  c y t o p l a s m i c  v a c u o l i z a t i o n  of 

t h e  h e p a t o c y t e s  c a n  be  seen. T h e  k i d n e y  is r e d d e n e d  a nd t h i c k e n e d  

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

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

k i d n e y s  r e v e a l s  n e c r o s i s  in t h e  n e p h r o n s ,  c y t o p l a s m i c  

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

t u b u l e s  a nd g l o m e r u l a r  o e d e m a  ( P i l c h e r  & F r y e r ,  1980).
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T h e r e  w a s  a r e p o r t  of 'VHS' in S o u t h  A f r i c a  ( L o m b a r d ,  1968) b ut 

t h e r e  w a s  no  i n d i c a t i o n  of  a n y  a t t e m p t s  t o  i s o l a t e  t h e  a g e n t ,  or

tify it. T h e  d e s c r i p t i o n  of ' V H 3 ' in S o u t h  

A f r i c a  w as b a s e d  o n  s y m p t o m », w h i c h  a r e  no t  s p e c i f i c .  It w a s  a l s o  

f o u n d  t hat t h e  a d d i t i o n  of 0.0037. T e r r a m y c i n  ( O x y t e t r a c y c l i n e )  

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

t h e  fish. T h i s  is an i n d i c a t i o n  t h a t  t h e  d i s e a s e  w a s  n o t  VHS, as 

r e p o r t e d ,  blit r a t h e r  a b a c t e r i a l  i n f e c t i o n .

2.4. H e r p e s v i r u s  r i l m onis.

A v i r u s  war i s o l a t e d  f r o m  d i s e a s e d  p o s t - s p a w n i n g  r a i n b o w  t r o u t  

t r o c d  st :k f r o m  a h a t c h e r y  in W a s h i n g t o n  S t a t e  ( W olf & T a y l o r ,  

1975) T h e  v i r u s  c h a r a c t e r i s t i c s  w e r e  i n v e s t i g a t e d  by W o lf, 

D a r l i n g t o n .  T a y l o r ,  G u i m b y  4 N a g a b a y a s h i  (1978) w h o  f o u n d  

h e x a g o n a l  n u : l e : c s p s i d s  w i t h  a dia.neter of a b o u t  90  nm  in v i r u s  

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

o c c u r s  at t he n u c l e a r  m e m b r a n e .  ( W o l f  et  a l . 1978) c a l l e d  t h e  

v i r u s  h e r p e s v i r u s  salr.onis, A h e r p e s v i r u s  w a s  a l s o  i s o l a t e d  f r o m  

. r ■ vr. re: r' < try in j a p a n  in 1 9 7 0  (Wolf, N a g a b a y a s h i  &

Guipifcy, 1 9 75a) u If. S a n e  4 K i m u r a  ( 1 975b) s t a t e d  t h a t  t h e  v i r u s  

i s o l a t e d  f r o m  d i s e a s e d  t : ' ■;an w as t h e  s a m e  as t h e  v i r u s

i s o l a t e d  t r o m  the USA. S a n o  <* 6 t h o w e v e r ,  R t a  i t h a t  t h e  

h e r p e s v i r u s  fr m f i s h  in J a p a n  difft:--..t o ; o n e  i s o l a t e d

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

r a i n b o w  t r o u t  a n d  A t l a n t i c  s a l m o n .

A f f e c t e d  f i s h  b e c o m e  l e t h a r g i c  a n d  l o s e  m o t o r  c o n t r o l  ( W olf at  

, 1 9 7 5b). E x t e r n a l  s y m p t c m s  of a h e r p e s v i r u s  s a l m o n i s  

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

o f t e n  w i t h  h a e m o r r h a g e s  in t h e  o r b i t  of  t h e  e y e  a n d  a b d o m i n a  

d i s t e n s i o n  (Wclf et a_l, 1 9 7 5 b ) .  I n t e r n a l l y ,  t h e r e  a r e  l a r g e  

a m o u n t s  of  a s c i t i c  fluid, t h e  liver, s p l e e n  a n d  d i g e s t i v e  t r a c t  

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

hyperaernia ( W olf et a_±, 19 75b). T h e  h i s t o p a t h o l o g y  of an 

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

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

s e r o u s  m a t e r i a l  a nd t he r e n a l  t i s s u e  is o e d e m a t o u s  ( W olf gt  a 1 . 

1975b). T h e  l i v e r  is p o s s i b l y  t h e  t a r g e t  o r g a n  a n d  a p p e a r s  

o e d e m a t o u s  w i t h  f a t t y  i n f i l t r a t i o n  a n d  v a s c u l a r  s t a s i s .
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2.5. C el 1 c u l t u r e

T h e  a d v e n t  of f i s h  c> 11 c u l t u r e s  wa. p r o b a b l y  the m o s t  i m p o r t a n t  

si; e v e n t  w h i c h  t r i g g e r e d  o ff t h e  r a p i d  a s s i m i l a t i o n  of

k n o w l e d g e  on  f i s h  v i r u s e s  ( A g ius, 1982).

W c l f  4 M a n r  (1980) l i s t e d  a t o t a l  of  61 f i s h  c e l l  l i n e s  f r o m  36  

d i f f e r e n t  s e c i e s  of f i s h  r e p r e s e n t i n g  17 d i f f e r e n t  f a m i l i e s .  A n  

a d d i t i o n a l  16 c e l l  l i n e s ,  i n c l u d i n g  10 l i n e s  f r o m  s a ^ m o n i d  f i s h  

(Lann a n ,  W i n t o n  4 F r y e r ,  1984; B r a u n - N e s j e ,  K a p l a n  & S e l j e l i d ,  

1982), 2 l i n e s  f r o m  t h e  a t l a n t i c  s t u r g e o n  (Li, M a r r a y a t t ,  A n n a n d  

t, O d e n B e ,  1985), 2 l i n e s  f r o m  t i l a p i a  (Chen, 'Jeno, W e n  & K o u , 

198 3, L e w i s  4 Ma'-ks, 19-5) a nd 2 l i n e s  f r o m  o t h e r  f i s h  ( B o w s e r  & 

P l u m b ,  1980; R i b e i r o ,  A h n e  4 L i c h t e n b e r g , 1983; c a n  be  a d d e d  to 

th i s  list. A t o t a l  of  18 of  t h e s e  c e l l  l i n e s  a r e  f r o m  r a i n b o w  

t r e a t  ( W o l f  4 M a n n ,  1980; L a n n n  et  a l , 1984; B r a u n - N e s j e  et a l . 

1 9 8 2 ) .

T h e  f i r s t  c e l l  l i n e  * be e s t a b l i s h e d  f Dm f i s h  was f r o m  t h e  

g o n a d *  o f  r a i n b  j t r . i t  snd t h e s e  c e l l s  w e i e  c a l l e d  t h e  R T C 2  c e l l  

l i n e  ( W o l f  4 Quiraby, 19«i2), T h i s  c e l l  l i n e  is s t i l l  V M  w i d e l y  

u s e d  a n d  has b e e n  w e l l  c h a r a c t e r i z e d .  T t »  R T Q 2  c e l l  l i n e  is o n e  

of t h ^  rtifi- : c e l l  l i n e s  w h i c h  a r e  s t o r e d  w i t h  t h e  A m e r i c a n  

T y p e  C u l t u r e  C o l l e c t i r n  A T C C ) .

:he pr - J u r e  t r * -i*- p a s s a g i n g  of  f i s h  c e l l  l i n e s  h a v e  b e e n  

1 W o l f  4 u-imfcv, 1 9 7 3 c ; 19"76; H i ll, 1976a) a n d  f o u n d  to 

be s i m i l a r  t tf - ;s-d for h o m e o t h e r m i c  c e l l  l i n e s  ( W o l f  & 

Mann. 1- T h e  n l y  d i f f e r e n c e  b e t w e e n  t h e  c e l l s  f r o m  h o m e o -

f-.er-p a nd >iki 1 c * j rr. is t h e  o p t i m a l  t e m p e r a t u r e s  f o r  g r o w t h ,  

w h i c h  is a- ut 10 - 1 w er in t h e  c a s e  of h o m e o t h e r m s .

The- d i f f e r e n t  f i s h  e l l  li .es h a v e  b e e n  e x t e n s i v e l y  u s e d  for t h e  

s t u d y  of ir-js*-s fr m f i s h  a n d  t h e  p r o c e d u r e s  f or t h e  i n o c u l a t i o n  

f t h e s e  c e . . sve b e e n  r e v .e w e d  (Hill 1 9 7 6 a ) .  It w a s  f o u n d  t h a t  

t.‘e d i f f e r e r -  -re . v i r u s e s  u s u a l l y  p r o d u c e  d i f f e r e n t  a nd o f t e n

e f f e c t s  (CPE) o n  t h e  c e l l  s h e e t  (Hill, 

1976a). T h e  E p r o d u c e d  by IPN v i r u s  on R T G 2  c e l l s  is v e r y  

c h a r a c t e r i s c i c  a nd n o r m a l l y  s t a r t s  w i t h  a r e a s  of  f e a t h e r y  or 

s t r i n g y  cell s ,  J i ' h  t h e  c e l l s  r e t a i n i n g  an e l o n g a t e d  s h a p e .  T h e  

e n d  r e s u l t  of t r «  in : u l a t i o n  of  a c e l l  s h e e t  w i t h  s a m p l e s  of I P N  

virus, is p l e t e  d e s t r u c t i o n  of t h e  c e l l s  (Hill, 1976a;

R o b e r t s .  1 9 80). T h e  i n o c u l a t i o n  of  t h e  c e l l s  w i t h  s a m p l e s  of I HN 

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

of c l u m p s  of  c e l l s  R o b e r t s ,  1980). V H S  v i r u s  a l s o  c a u s e s  a 

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

s h e e t  a f t e r  a f ew d a y s  ( R o b e r t s .  1980).



2.6. V i r u s  i s o l a t i o n  p r o c e d u r e s

T h e r e  a r e  n u m e r o u s  u b l i  ati nr- o u t l i n i n g  t he p r o c e d u r e s  for t he 

i s o l a t i o n  of a v i r u s  f r o m  a p o p u l a t i o n  o f  f i s h  s h o w i n g  s i g n s  of a 

d i s e a s e .  K - s t  of t h e s e  p r o c e d u r e s  a r e  v e r y  s i m i l a r  w i t h  o n l y  a 

f e w  d i f f e r e n c e s  a n d  t h e s e  p r o c e d u r e s  h a v e  b e e n  r e v i e w ’d (Wolf, 

1170) H i l l ,  1976a; Amos, l^QLi). As f a r  as p o s s i b l e ,  m o r i b u n d  f i s h  

s h o u l d  be u s e d  Und<;r no c i r c u m s t a n c e s  c n f r o z e n  f i s h  be u s e d  as 

■any of t h e  v i r u s e s  a r e  s e n  It • X f r e e z i n g  a n d  t h a w i n g  (Hill,

1 ̂ a  i In t ?.•' « • fi!-h. c os of  t he 1 v er , s p l e e n ,

pyl< t ic c a e : a  a n d  k i d n e y  s). 'uld be  rc-mcved f or v i r a l  e x a m i n a t i o n .  

In the c a s e  of fry, the fi bt proceaaed w h o l e  (Wolf. 1970;

Hill, 1976a, i An s. 19- ! ). T h e  f i r s t  s t a g e  in t h e  p r o c e s s i n g  of 

s a m p l e s  i n v o l v e s  the d i s r u p t i o n  o f  t h e  t i s s u e .  T h i s  c a n  be 

c a r r i e d  o ut by g r i n d i n g  tht- c e l l s  in a m o r t a r  a nd p e s t l e  

( M c D a n i e l ,  19'’*) o r  in a l a b o r a t o r y  h o m o g e n i z e r  (Hill, 1976a). 

S c n i c a t i o n  has t e e n  f o u n d  to te u n s u i t a b l e  for t h e  d i s r u p t i o n  of 

t i s s u e  (Am •», :s.~ T h e  h o m  g e n a t e s  a r e  d i l u t e d  to a f i nal

d i l u t i o n  of 1 / 1 0  tHill, 1 9 7 6 * )  a n d  bacterial c o n t a m i n a t i o n  is 

r e m o v e d .  T h e r e  a r e  t w o  a p p r o a c h e s  to t h e  renova1 of  b a c t e r i a l  

c o n t a m i n a t i o n  T h e  first a n d  m o s t  w i d e l y  u s e d  is f i l t r a t i o n  

t h r o u g h  , jm f i l t e r s  w . i f ,  19 ’ , M i D a n i e l ,  1979) a nd t h e  o t h e r  

i n v o l v e s  t h e  lr. u t ati n of s a n p l e s  w i t h  a n t i b i o t i c s  ( A m e n d  & 

F'irtsch. 1972)

T h e  pr :essed s a r p l e s  ar*> t h e n  I n o c u l a t e d  o n t o  s u s c e p t i b l e  cel l  

lin«" ty  l i r s t l y  r*~ -iriK t he c u l t u r e  m e d i u m ,  f o l l o w e d  by t he 

a d d i t i n  of s m a l l  v l u mea f v i r u s  c o n t a i n i n g  m e d i u m .  T h e  c e l l s

• • ■ I n c u b a t e d  to a l l o w  f : t h e  r p t i o n  : t he v i r u s

1981 T h e  v i r u s  c o n t a i n i n g  f l u i d  is r e m o v e d  

and t he f r e s h  m e d i u m  is a d d e d  to t h e  c u l t u r e .  T h e  c e l l s  a r e  t h e n  

i n c u b a t e d  at a t e m p e r a t u r e  whi w i l l  a l l o w  for t he r e p l i c a t i o n  

of t h e  v i r u s e s  f i t M y s  (Hill, 1 9 7 6 a )  or  14 d a y s  ( M c D a n i e l ,  

1979. A m o s , 1905)

A n o t h e r  s u r . e  of v i r u s e -  f r o m  t r o u t  is v i s c e r a  fro m  a s y m p t o m a t i c  

c a r r ' e r  fish, w h i c h  ha d  s u r v i v e d  a v i r a l  i n f e c t i o n  ( B illi & 

Uolf, 1969) T h e r e  a r e  tw:- met: la : r t h e  i s o l a t i o n  of v i r u s e s  

the v i s c e r a  of asymptomatic fish. T h e  f i rst, a nd m e t h c  I t 

c h o i . e ,  is t he s a m e  as f:r t h e  i s o l a t i o n  of a v i r u s  fro m  d i s e a s e d  

fiaf W o l f ,  1970 Hill, 1976a). A c o - c u l t i v a t i o n  m e t h o d  for th e  

i s o l a t i o n  of v i r u s e s  f r o m  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 as 

e s t a b l i s h e d  by A g i u s ,  M a n g u n w i r y o , J o h n s o n  4 S m a i l  (1902). 

S u s p e c t  t i s s u e  is s u b j e c t e d  to t r y p s i n i z a t i o n  a nd t h e  s a m p l e s  a r e  

inoculated nte ft;.. : « lla lAgius, $t  al). T h e y  c l a i m  that this 

t e c h n i q u e  is m o r e  s e n s i t i v e  t h a n  t h e  c o n v e n t i o n a l  m e t h o d s  

d e s c r i b e d  above. T h i s  w a s  c o n f i r m e d  by A g i u s ,  R i c h a r d s o n  & 

W a l k e r  (190J), w h o  c o m p a r e d  f i v e  d i f f e r e n t  p r o c e d u r e s  a nd f o u n d  

t h e  c o - c u l t i v a t i o n  t e c h n i q u e  to be  t h e  m o s t  s e n s i t i v e .  T h i s  

t e c h n i q u e  has not, h o w e v e r  b e e n  w i d e i y  u s e d  by o t h e r  a u t h o r s  w h o



p r e f e r  t h e  m o r e  c o n v e n t i o n a l  m e t h o d s .  Agiu s ,  et g_l (1982) 

I n c u b a t e d  t h e  s a m p l e s  in a n t i b i o t i c s  b e f o r e  t r y p s i n i z a t i o n , a f t e r  

w h i c h  n o  a n t i b i o t i c s  w a s  a d d e d .  T h e  t e c h n i q u e  w o u l d  t h u s  h a v e  to  

be  carrie.1 o ut u n d e r  s t r i c t  a s e p t i c  t e c h n i q u e s  w h i c h  c o u l d  r e s u l t  

i n  t h e  los s  of  m a n y  s a m p l e s  f r o m  b a c t e r i a l  or  f u n g a l  

c o n t a m i n a t i o n .

V i r u s e s  c a n  be i s o l a t e d  f r o m  o v a r i a n  f l u i d  of c a r r i e r  f i s h  (Wolf, 

O u i m b y  A B r a d f o r d ,  19t3) a n d  t h i s  h a s  b e e n  f o u n d  to be t h e  test 

s o u r c e  o f  IHN v i r u s  ( A m e n d  & W e d e m e y e r ,  1970; A m os, 1 9 85). T h e  

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

r e v i e w e d  by Hil l  ( 1 9 7 6  0  a n d  m o r e  r e c e n t l y  by  A m o s  (1985).

Or.e of t h e  m o s t  i m p o r t a n t  a s p e c t s  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  a s y m p t o m a t i c  p o p u l a t i o n s  of f i s h  is to c o l l e c t  a 

s t a t i s t i c a l l y  r e p r e s e n t a t i v e  s a m p l e .  T h e  n u m b e r s  of f i s h  n e e d e d  

t o  « a k e  u p  a s t a t i s t i c a l l y  r e p r e s e n t a t i v e  s a m p l e  h a v e  b e e n  

d i s c u s s e d  by Air.cs (1995) a n d  S i m o n  & S c h i l l  (1984). To d e t e c t  o n e  

c a r r i e r  f i s h  if 2 %  of  t h e  p o p u l a t i o n  a r e  c a r r i e r s  w i t h  9 5 %  

c o n f i d e n c e  150 f i s h  s h o u l d  te  c o l l e c t e d  if t h e  p o p u l a t i o n  is 

l a r g e r  t h a n  100 0 0 0  f i s h  as is t h e  c a s e  on m o s t  t r o u t  farms. 

S m a l l e r  s a m p l e s  a r e  t a k e n  if t h e  p o p u l a t i o n  is l e s s  t h a n  100 000. 

S i m o n  & S c h i l l  ( 1 9 8 a ) p r e r e n t e d  t a b l e s  w i t h  e x a c t  s a m p l e  s i z e s  

for v a r i o u s  p o p u l » t i o n s ,  c o n f i d e n c e  l e v e l s  a nd d i s e a s e  

i n c i d e n c e s

T h e r e  is evider, e to  s u g g e s t  t hat t r o u t  v i r u s e s  a r e  v e r t i c a l l y  

t r a n s m i t t e d  t: t h e  o f f s p r i n g  v i a  t h e  o v a  ( B u llock, R u c k e r ,  A m e n d ,  

W o l f  & S t u c k e y .  M u l c a h y ,  J e n e s  & P a s c h o ,  1984). V i r u s e s

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

F i j a n  I G i o r g e t t i  (1978).

S a m p l e s  o f  d i s e a s e d  fish, ova. a n d  s t a t i s t i c a l l y  r e p r e s e n t a t i v e  

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

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

t r o u t  v i r u s e s  f r o m  fish, as t h e s e  a r e  t h e  s a m p l e s  w h i c h  a r e  m o s t  

l i k e l y  to h a r b o u r  t h e  v i r u s e s  of trout.

2.7. S e r o l  ij’ical i d e n t i f i c a t i o n  of t r o u t  v i r u s e s .

O n c e  a v i r u s  his b e e n  i s o l a t e d  f r o m  a d i s e a s e d  fish, v i s c e r a  or  

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

has to be i d e n t i f i e d .  T h e  v i r u s e s  c a n  be i d e n t i f i e d  s e r o l o g i c a l ­

ly if a n t i s e r a  a g a i n s t  t h e  v i r u s e s  a r e  a v a i l a b l e .  T h e  p r o c e d u r e s  

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



b e e n  r e v i e w e d  by  M i l l ,  W i l l i a m s  t, F i n l a y  (1981). T h e y  f o u n d  thai. 

h i g h  t i t r e s  of n e u t r a l i z i i g  a n t i b o d i e s  a g a i n s t  I PN v i r u s  c o u l d  be 

p r o d u c e d  in r a b b i t s .  T h e y  e l s o  f o u n d  t h a t  a n t i s e r a  w i t h  h i g h  

t i t r e s  a g u i n s t  IHN v i r u s  a n d  V H S  v i r u s  w e r e  m o r e  d i f f i c u l t  to 

p r x  j c e .

A hos t  of  s e r o l o g i c a l  t e c h n i q u e s  fo r  t h e  i d e n t i f i c a t i o n  o f  t h e  

d i f f e r e n t  s e r o t y p e s  of I PN v i r u s ,  V H S  v i r u s  a n d  IH N  v i r u s  ha s  

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

r a l i z a t i o n  test (Hill, 1 9 76a; L i e n t z  & S p r i n g e r .  1973 ) ,  t h e  

i n d i r e c t  i m r a u n o f l u o r e s c e n t  a n t i b o d y  t e s t  (Hill. 1976a; P i p e r ,  

N i c h o l s o n  & Dunn, 1 -73; T u , S p e n d l o v e  & G o e d e ,  1974; S w a n s o n  & 

G i l l e s p i e ,  1931; V e s t e r g 3 r d - J o r g e n s e n  & M e y l i n g ,  1972), 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  t e s t  ( N i c h o l s o n  & H e n c h a l ,  1978 ) ,  t h e  

e n z y m e - 1 i n k e d  i m m u n o s o r b e n t  fissay ( N i c h o l s o n  & C a s w e l l ,  1982; 

D:.XOft A H i l l , 1 9 8 3 ) ,  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  (Hill, :976a; 

F i n l a y  & H i ll. 1975), t h e  v i r a l  i n d u c e d  b a c t e r i a l  c o - a g g l u t i n a ­

t i o n  t est (Kimura, Y o s h i m i z u  4 Y a s u d a , 1984) a nd t h e  i m m u n o b l o t  

a s s a y  ' M c A l l i s t e r  & S c h i l l ,  1986). T h e  t e s t s  m o s t  o f t e n  u s e d  for 

the 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 t r o u t  v i r u s e s  a r e  t h e  s e r u m  

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

test (Hill et a l , 1981). T h e  Eerusn n e u t r a l i z a t i o n  test, i n d i r e c t  

l m a u n o f l u o r e s c e n t  an'.it:dy t eL ., 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  

a n d  t he v i ral i n d u c e d  b a c t e r i a ’ c o - a g g l u t i n a t i o n  t est w e r e  u s e d  

to  i d e n t i f y  IPN v i r u s  d u r i n g  t h i s  s t u d y .

2 e. D e t e c t i o n  of a n t i b o d i e s  in t he s e r u m  f r o m  fisi.

A n o t h e r  m e t h o d  to a s c e r t a i n  if a n y  of  t h e  t r o u t  v i r u s e s  a r e  

p r e s e n t  in t he c o u n t r y ,  is to t e s t  for t h e  p r e s e n c e  o f  v i r u s  

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

be  c o l l e c t e d  f r o m  t r o u t  by c a r d i a c  p u n c t u r e .  p u n c t u r e  of t h e  

c a u d a l  a r t e r y  or v e i n  ( I t a z a w a ,  1957), p u n c t u r e  of  t h e  d o r s a l  

a o r t a  ( S c h i f f m a n ,  1 >! ?) a n d  p u n c t u r e  o f  t h e  d u c t  of  C u v i e r  (Lied, 

G J e r d e  & B r a e k k a n ,  1*75). T h e  s e r u m  c a n  be r e m o v e d  f r o m  t h e  b l o o d  

by a l l o w i n g  the b l o o d  to c o a g u l a t e ,  a n d  d r a w i n g  o f f  t h e  s e r u m .  

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

c a n  be d e t e c t e d  by  v i r u s  n e u t r a l i z a t i o n  by e i t h e r  t h e  p l a q u e  

r e d u c t i o n  m e t h o d  (V e s t e r g a r d - J o r g e n s e n , 1973) or  by che 

d e t e r m i n a t i o n  ot n e u t r a l i z i n g  i n d i c e s  ( W o l f  A Q u i m b y ,  1969).

E x t e n s i v e  w o r k  on  t h e  a b i l i t y  of t r out, e x p o s e d  to IPN v i r u s ,  to 

p r o d u c e  a n t i b o d i e s  has b e e n  u n d e r t a k e n  W o l f  A Q u i m b y  (1969)
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d e m o n s t r a t e d  t h a t  r a i n b o w  a nd b r o o k  t r o u t  c o u l d  p r o d u c e  

s i g n i f i c a n t  a m o u n t s  of  n e u t r a l i z i n g  a n t i b o d i e s  a g a i n s t  t h e  VR 2 9 9  

s e r o t y p e  if i n j e c t e d  w i t h  t h e  v i r u s .  T h e y  f o u n d  t h a t  w i l d  f i s h  

f r o m  a r i v e r  w i t h  a h a t c h e r y  w h e r e  I PN h a d  o c c u i e d ,  h a d  n e u t ­

r a l i z i n g  a n t i b o d i e s  a g a i n s t  t h e  v i r u s ,  w h i l e  s e r u m  f r o m  f i s h  w i t h  

n o  k n o w n  c o n t a c t  w i t h  t h e  virus? h ad no  n e u t r a l i z i n g  a n t i b o d i e s  

(Wolf & Q u i m b y ,  1969). D o r s o n  & d e  K i n k e l i n  (1974) u n d e r t o o k  a 

s u r v e y  cf  h a t c h e r y  a n d  w i l d  f i s h  in F r a n c e  a n d  f o u n d  n e u t r a l i z i n g  

a c t i v i t y  in t h e  s e r u m  o f  h a t c h e r y  fish, bu t  no t  f r o m  w i l d  b r o w n  

trout. T h e y  f o u n d  n e u t r a l i z i n g  a c t i v i t y  in t h e  s e r u m  of  r a i n b o w  

t r o u t  f r o m  IPN f r e e  f a r m s  ( D o r s o n  & d e  " i n k e l i n ,  1 9 7 a ). 

V e s t e r g a r d - . ^ r g e n s e n  (1973) f o u n d  a n t i b o d i e s  a g a i n s t  t h e  S p  s e r o ­

t y p e  of IPN v i r u s  in a ll f i s h  s e r u m  w h i c h  h e  e x a m i n e d .  In t h e  

l i g h t  of t h e  r e s u l t s  o b t a i n e d  by b o t h  V e s t e r g a r d - J o r g e n s e n  (1973) 

an d  D o r s o n  A d e  Ki'nKelin (1974), c a r e  m u s t  be  t a k e n  w h e n  

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

s i g n i f i c a n t  l e v e l s  of n«utl Z i n g  a n t i b o d i e s  in f i s h  w i t h  no  

k n o w  h i s t o r y  o f  e x p o s u r e  to IPN v i r u s  a r d  t h e  i m m u n o g e n i c  

s t i m u l u s  for t h e  i m m u n e  r e s p o n s e  is u n k n o w n .  T h e  p o s s i b l e  

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

S o u t h  A f r i c a  n e e d  not n e c e s s a r i l y  i n d i c a t e  p a s t  e x p o s u r e  to a 

v i r u s .



A N D  M A T E R I A L S

3.1 T i s s u e  c u l t u r e

T h e  p l a s t i c  d i s p o s a b l e  c u l t u r e  f l a s k s  u s e d  for the c u l t i v a t i o n  of 

fis h  c e l l s  w e r e  s u p p l i e d  by S t e r i l a b  S e r v i c e s .  T w o  d i f f e r e n t  

t v p e s  of c u l t u r e  f l a s k s  w e r e  used. T h e  f i r s t  t y p e  of  f l a s k  h a d  a 

v o l u m e  of 2 0 0  ml a nd t h e  s u r f a c e  on  w h i c h  t h e  m o n o l a y e r  o f  c e l l s  

c o u l d  f o r m  was 75 c m 2 T h e s e  f l a s k s  a r e  r e f e r r e d  to as 75 c m 2 

f l a s k s  t h r o u g h o u t .  T h e  o t h e r  t y p e  of  f l a s k  u s e d  h ad a v o l u m e  of 

50 ml a n d  a s u r f a c e  of  25  c m 2 T h e s e  f l a s k s  a r e  r e f e r r e d  to as 

25 c m 2 f l a s x s  in t his text.

C e l l  l i n e s  u s e d  for t h e  i s o l a t i o n  a n d  i d e n t i f i c a t i o n  o f  t r o u t  

v i r u s e s  w e r e  t he r a i n b o w  t r o u t  g o n a d  c e l l s  (R T G 2 ) (Wolf 4 Q u i m b y ,  

1962) A T C C  No. C C L  55. b l u e g i l l  f r y  c e l l s  (E F 2 ) (Wolf. G r a v e l l  & 

M a l s t e r g e r  : A T C C  No  C C L  91, b r o w n  b u l l h e a d  c e l l s  (BB)

C e r i n i  4 Malsfcerger. : -  - A T  X L  59 a nd t he f a t h e a d  m i n n o w

:eils F H M  O r a v e l l  A M a l s b e r g e r ,  1 9 6 5  ) A T C C  No C C L  42. S a m p l e s  

-f t h e s e  :ell line'- w ~ r e  o b t a i n e d  f r o m  t h e  A m e r i c a n  T y p e  C u l t u r e  

A T ? :  by  Plow L a b o r a t o r i e s  who r e c o n s t i t u t e d  t h e  

zells a n d  s u p p l i e d  t h e m  ir. 2 C i s a u *  :ultur« fl a sks. S a m p l e s

w e r e  a l s o  o b t a i n e d  f r o m  t h e  A T C C  by S t e r i l a b  S e r v i c e s ,  a n d  t h e s e  

c e l l s  w e r e  s u p p l i e d  in a f r o z e n  s t a t e .  T h e  c e l l s  w e r e  r e c o n ­

s t i t u t e d  by p l a c i n g  t h e m  in a w a t e r b a t h  at 3 7C for 30 s e c o n d s  to 

t h a w  T h e  c e l l s  w e r e  c e n t r i f u g e d  at 125 x g for 10 m i n u t e s .  T h e  

superr.atant was d i s c a r d e d  and t h e  p e l l e t  r e s u s p e n d e d  in 10 nl 

E a g 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  f M E M w A p p e n d i x  1) s u p p l e m e n t e d  

w i t h  0 . 1 m l  of a lOCx c o n c e n t r a t i o n  of  n o n - e s s e n t i a l  a m i n o  a c i d s  

N E A A  F l o w  L a b o r a t o r i e s )  ( A p p e n d i x  1), 1ml f o e t a l  c a l f  s e r u m  

F C 8  ' S t e r i l a t  S * r v i c M ) ,  120 rr.g p e n i c i l l i n / l i t r e  an d  2 0 0  mg 

s t r e p r o m y c i n  ■ 1 itre T h e  c e l l  s u s p e n s i o n  was p l a c a d  i n t o  a 25 c m 2 

c u l t u r e  f l a s k  and i n c u b a t e d  at 2 2 C  in t h e  c a s e  of t h e  R T G 2  c e l l s  

a nd 2 5 C  in t h e  c a s e  r the BF2, BB a n d  F H M  cells. T h e  c e l l s  w e r e  

o b s e r v e d  d a i l y  and t he g r o w t h  r e c o r d e d .  A ll t h e  c e l l  l i n e s  w e r e  

p a s s a g e d  o n c e  the y  w e r e  c o n f l u e n t .

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

s i m i l a r  to t h o s e  d e s c r i b e d  by W o l f  4 Q u i m b y  ( 1973ci 1 9 78) a n d  

Hil l  ( 1 9 7 6 a). T h e  o l d  c u l t u r e  m e d i u m  w as r e m o v e d  and d i s c a r d e d .  

T h e  c u l t u r e s  w e r e  w a s h e d  o n c e  w i t h  a c t i v a t e d  t r y p s i n  ver?',r 

(ATV) A n o t h e r  s a m p l e  of A T V  w as a d d e d  to t h e  c e l l s  w h i c h  w c m  

i n c u b a t e d  at 2 5C for 30 s e c o n d s  T h e  A T V  w as d i s c a r d e d  a n d  t he



c e l l s  w e r e  i n c u b a t e d  at 2 5 C  u n t i l  t h e  c e l l  s h e e t  wa s  s e e n  to 

d e t a c h  f r o m  t h e  c u l t u r e  v e s s e l .  F r e s h  g r o w t h  m e d i u m  w h i c h  

c o n t a i n e d  17. v / v  N E AA, 107. v / v  F C S  a n d  a n t i b i o t i c s ,  wa s  t h e n  

a d d e d  to t h e  c e l l s .  A n y  c e l l s  s t i l l  a t t a c h e d  w e r e  l o o s e n e d  by 

d r a w i n g  th>’ m e d i u m  i n t o  a s y r i n g e  t h r o u g h  a 14 g a u g e  n e e d l e .  T h e  

c e l l  s u s p e n s i o n  w a s  t r a n s t e n e d  tc  an  E r l e n m e y e r  f l a s k  w h i c h  

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

E r l e n m e y e r  f l a s k  w a s  d e p e n d e n t  on  t h e  s i z e  o f  t h e  c u l t u r e  f l ask 

w h i c h  w a s  p a s s a g e d .  In t h e  c a s e  of a 2 5  c m *  c u l t u r e  f l a s k ,  t h e  

f l a s k  w o u l d  c o n t a i n  40  ml m e d i u m .  In the- c a s e  of 75 cm ®  c u l t u r e  

flas k ,  t h e  E r l e n m e y e r  f l a s k  w o u l d  c o n t a i n  120 ml m e d i u m .  S m a l l e r  

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

f l a s k  a n d  n e w  c u l t u r e s  w e r e  s e e d e d .  In t h e  c a s e  of 25 cm* c u l t u r e  

f l a s k s ,  10ml of  t h e  c e l l  s u s p e n s i o n  w a s  u s ed, w h i l e  for t h e  75 

cm c u l t u r e  f l a s k s .  30 ml of t h e  s u s p e n s i o n  w a s  used. W h e n  24 

w e l l  p l a t e s  w e r e  u s e d ,  e a c h  w e l l  w a s  f i l l e d  w i t h  1 ml of t h e  cel l  

s u s p e n s  i o n .

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

n e w  c u l t u r e s .  i e. o n e  75 c m 2 c u l t u r e  f l a s k  w o u l d  be  s p l i t  i n t o  

t h r e e  75 cr.! c u l t u r e  f l a s k s .  S t o c k  c u l t u r e s  of  c e l l s  w e r e  g r o w n

u, in 75 c m* f l a s k s ,  a n d  t h e s e  c u l t u r e s  w e r e  u s e d  to s e e d  t h e  

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

t h e  t r c u t  v i r u s e s  O n e  75  c m *  c u l t u r e  f l a s k  c a n  be d i v i d e d  i n t o  

e i t h e r  t h r e e  2- w e l l  p l a t e s ,  t h - e e  12 w e l l  p l a t e s  or 30 p e t r i  

d i r h e s  a e p e n d l n g  on  t h e  t e r t s  to be  c a r r i e d  out. O n e  25 cm* 

c u l t u r e  f l a s k  c o u l d  be  u s e d  to s e e d  e i t h e r  t h r e e  25 cm* c u l t u r e  

f l a s k s ,  e r e  75  c m *  f l a s k  or o n e  24 w e l l  p l a t e .  A l l  of t he 

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

to  r e a c h  100 % c o n f l u e n c y  w t s  r e c o r d e d .

S a m p l e s  of  the d i f f e r e n t  c e l l  l i n e s  w e r e  s t o r e d  in l i q u i d  

n i t r o g e n .  E v a n s ,  D e O c a ,  B r y a n t ,  S c h i l l i n g  & S h a n n o n  (1962) o u t ­

l i n e d  t he p r o c e d u r e s  f or t h e  f r e e z i n g  of v e r t e b r a t e  c e l l  l i n e s  

and t h e s e  t e c h n i q u e s  w e r e  u s e d  for f r e e z i n g  t h e  f i s h  c e l l  l i n e s  

(Wolf 4 Q u i m b y ,  19~’8) . C u l t u r e s  of t h e  R T G2, BF2, F H M  a n d  BB 

c e l l s  w e r e  g r o w n  up in 75 c m 2 c u l t u r e  f l a s k s .  T h e  c e l l s  w e r e  

p r o c e s s e d  in t h e  s a m e  w a v  ?s for p a s s a g e s .  A f t e r  t h e  c e l l  s h e e t  

had b e e n  d i s r u p t e d .  2 ml m e d i u m  w h i c h  c o n t a i n e d  207. v / v  F C S  w as 

a d d e d  to t h e  c e l l s .  T h e  c e l l  s u s p e n s i o n  was. t r a n s f e r r e d  to an 

E r l e n m e y e r  f l a s k  w h i c h  w as k e p t  o n  ice, a n d  2 ml m e d i u m  

c o n t a i n i n g  207. v / v  d i m e t h y l  s j l f o x i d e  (DMSO) w a s  a d d e d  to  t he 

c e l l s ,  o n e  dr-; t a time. T h e  D M S O  w a s  a d d e d  to th e  c e l l s  to 

p r e v e n t  t he f riration of w a t e r  c r y s t a l s  in th e  c e l l s  d u r i n g  the 

f r e e z i n g  p r o c e s s  (Perry. K r o e n e r  4 M a r t i n ,  1975). T h e  s u s p e n s i o n  

was p l a c e d  i n t o  c r y o - p r e s e r v a t i o n  t u b e s  a n d  f r o z e n  s l o w l y  in a 

p o l y s t y r i n e  c o n t a i n e r  in t h e  g a s  p h a s e  of t h e  l i q u i d  n i t r o g e n  

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

d e s c r i b e d  abov e .



3.2. V i r u s  i n o c u l a t i o n  p r o c e d u r e s .

B e f o r e  a n y  a t t e m p t s  to  i s o l a t e  v i r u s e s  f r o m  f i s h  c o u l d  be  m a d o , 

t h e  e f f e c t s  of t h o  d i f f e r e n t  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 ,  

V H S  v i r u s  a nd h e r p e s v i r u s  s a l m o n i s  o n  t h e  d i f f e r e n t  c e l l  l i n e s  

w e r e  s t u d i e d .  S a m p l e s  of  t h e  V R 2 C>9, S p  a n d  A b  s e r o t y p e s  o f  I PN 

v i r u s  as w e l l  as a s a m p l e  of  V H S  v i r u s  w e r e  s u p p l i e d  by Dr E a r r y  

H i l l  of  t h e  F i s h  D i s e a s e  L a b o r a t o r y ,  E n g l a n d .  Dr V e s t e r g a r d -  

J o r g e n s e r  of t h e  S t a t e  S e r u m  L a b o r a t o r y ,  D e n m a r k ,  s u p p l i e d  

s a m p l e s  of  t h e  FI a n d  H e  s e r o t y p e s  of  V H S  v i r u s ,  a nd s a m p l e s  of 

IHN v i r u s  a nd h e r p e s v i r u s  s a l m o n i s  w e r e  o b t a i n e d  f r o m  t h e  ATCC. 

T h e s e  s a m p l e s  w*-re u s e d  as r e f e r e n c e  v i r u s e s .

T h e  f r e t z e  d r i e d  v i r u s  s a m p l e s  w h i c h  w e r e  s u p p l i e d  by v a r i o u s  

w o r k e r s ,  or o b t a i n e d  f r o m  t h e  A T C C  w e r e  r e c o n s t i t u t e d  w i t h  1 ml 

MEM. A 1/1 0  d i l u t i o n  of t h e  t h e  r e c o n s t i t u t e d  v i r u s e s  w e r e  made. 

RTG2, BF2. Fh'M a n d  BB r.ell l i n e s  w e r e  p a s s a g e d  a nd i n c u b a t e d  at 

22' f r  t he R T 0 2  c e l l s  a n d  2 5 C  for t h e  o t h e r  c e l l  l i n e s  u n t i l  t h e  

c u l t u r e s  w e r e  6 5 - 9 5  % c o n f l u e n t .  T h e  c u l t u r e s  w e r e  t h e n  

inoculated a:c:rdir.g to t h e  t e c h n i q u e s  d e s c r i b e d  by H i l l  (1976a) 

and U If (1970). T h e  c u l t u r e  m e d i u m  w a s  r e m o v e d  a n d  1 ml o f  t h e  

1 1 0  d i l u t i o n  of th e  r e c o n s t i t u t e d  v i r u s e s  w e r e  a d d e d  to  t h e  

c u l t u r e s .  T h e  u l v j r e s  w e r e  i n c u b a t e d  at 1 0 C - 1 5 C  for o n e  h o u r  to 

•1 l o w  for the adl : p • : . Of the v i r u s  to t h e  c e lls, a f t e r  w h i c h  

t h e  e x c e s s  v i r u s  m a t e r i a l  wa s  r e m o v e d  a n d  m a i n t e n a n c e  m e d i u m  

c o n s i s t i n g  of M E M  s u p p l e m e n t e d  w i t h  IX v / v  NEAfl a n d  2 %  v / v  F C S , 

w t>s a d d e d  to t h e  c u l t u r e  v e s s e l .  T h e  c u l t u r e s  w e r e  t h e n  

i n c u b a t e d  at 1 0 C - 1 5 C  a n d  o b s e r v e d  d a i l y  for 14 d a y s  or  u n t i l  

cytopathlc e f f e i t s  (CPE) w e r e  seen. If C P E  w e r e  seen, t h e  c u l t u r e  

f l u i d s  w e r e  s t o r e d  as r e f e r e n c e  s a m p l e s  of the v i r u s e s .  F r o m  

t h e n  on. u n l e s s  s t a t e d  o t h e r w i s e ,  a ll r e f e r e n c e  s a m p l e s  of  t h e  

. .ses were diluted 1/2000 b e f o r e  I n o c u l a t i o n  o n t o  c e l l s .  T h e  

v o l u m v  of t he inc : u lum w as d e p e n d e n t  o n  t h e  v o l u m e  of  t h e  c u l t u r e  

v e s s e l  If 25 c m *  f l a s k s  w e r e  u s e d ,  1 ml of t he 1 / 2 0 0 0  d i l u t i o n  

f t he r e f e r e n c e  v i r u s  w as used. If 24 w e l l  p l a t e s  w e r e  u s ed, 100 

til of t h e  1 / 2 0 0 0  d i l u t i o n  w as used.

T h e  d i f f e r e n t  s e r o t y p e s  of  IPN v i r u s  w e r e  s t o r e d  at 4 C  a f t e r  

m i x i n g  e q u a l  v o l u m e s  of t h e  c u l t u r e  f l u i d  w i t h  g l y c e r o l .  as t h i s  

i m p r o v e s  t he s u r v i v a l  of IPN v i r u s  (Wolf, 1966; M a c K e l v i e  & 

D e s a u t e l s ,  1975). S a m p l e s  o f  th e  o t h e r  v i r u s e s  w e r e  s t o r e d  at 

-20C. S a m p l  of all of t h e  r e f e r e n c e  v i r u s e s  w e r e  a l s o  s t o r e d  in 

l i q u i d  n i t i - g e n  a n d  by f r e e z e  d r y i n g  w i t h  507. b u f f e r e d  l a c t o s e  

p h o s h a t e  (BLP). T h e  f r e e z e  d r i e d  s a m p l e s  w e r e  s t o r e d  at -TOC. 

S a m p l e s  of v i r u s  f r o m  e a c h  s t o r a g e  g r o u p  w e r e  r e m o v e d  a nd 

I n o c u l a t e d  o n t o  c e l l s  by t h e  m e t h o d s  d e s c r i b e d  a b o v e .  F r e e z e  

d r i e d  s a m p l e s  w e r e  a l s o  r e c o n s t i t u t e d  by  t h e  a d d i t i o n  of 1 ml 

E a g l e s  MEM, a nd i n o c u l a t e d  o n t o  c e l l s .  T h i s  wa s  d o n e  to c h e c k  for 

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



3.3. V i r u s  t i t r a t i o n s .

T h e  507. t i s s u e  c u l t u r e  i n f e c t i v e  d o s e  ( T C I D  50) of  t h e  s t o c k  

v i r u s e s  w e r e  c a l c u l a t e d  by t h e  m e t h o d  of L u r i a ,  D a r n e l l ,  

B a l t i m o r e  & C a m p b e l l  ( 1 9 78). C e l l s  w e r e  g r o w n  in e i t n e r  t h e  f lat 

b o t t o m e d  9 6  wel l  p l a t e s  c r  24 w e l l  F'lates. T e n - f o l d  s e r i a l  

d i l u t i o n s  of  t h e  v i r u s e s  w e r e  m a d e  in E a g l e s  M E M  a nd at l e ast 

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

above. T h e  c u l t u r e s  w e r e  i n c u b a t e d  at 10C a n d  t h e  c e l l s  w e r e  

o b s e r v e d  d a i l y  for 7 d a y s .  T h e  n u m b e r  of w e l l s  s h o w i n g  C P U  per 

d i l u t i o n  w a s  r e c o r d e d .  T h i s  i n f o r m a t i o n  w a s  t h e n  use;d to 

c a l c u l a t e  t h e  t i s s u e  c u l t u r e  i n f e c t i v e  d o s e  ( T C I D  50) by a 

m o d i f i c a t i o n  of '.he m e t h o d  d e s c r i b e d  by R e e d  & M u e n c h  (1930).

If a p a r t i c u l a r  d i l u t i o n  r e s u l t s  in a t o t a l  of  50" CPE, this 

d i l u t i o n  is u s e d  t *> c a l c u l a t e  t h e  T C I D  50. If an  e x a c t  507. C F E  is 

r.ot * C h i * V * d ,  t he d i l u t i o n  W h i c h  w ill g i v e  5 0 %  C P E  m u s t  be 

c a l c u l a t e d .  In t h i s  c a s e ,  o n e  d i l u t i o n  w i l l  r e s u l t  in m o r e  t h a n  

50". C PE, w h i l e  t h e  h i g h e r  d i l u t i o n  w i l l  r e s u l t  in less t hat 507. 

C F E  T h e s e  tw d i l u t i o n s  m u s t  be i d e n t i f i e d  a n d  u s e d  in t he 

c a l c u l a t i o n  T h e  p r o p o r t i o n a l  d i s t a n c e  b e t w e e n  t he t wo d i l u t i o n s  

c a n  b*? c a l c u l a t e d  ?■ - c o r d i n g  to t h e  m e t h o d s  of  R e e d  & M u e n c h  

(1936).

T i t r e s  w e r e  c a l c u l a t e d  f or a s a m p l e  of e a c h  of t h e  r e f e r e n c e  

v i r u s e s  a c c o r d i n g  to t h e  m e t h o d s  d i s c u s s e d  a b ove.

3.4. P l a q u e  a s s a y

T h e  p r o c e d u r e s  fo r  p l a q u i n g  f i s h  v i r u s e s  d e s c r i b e d  by W o l f  & 

O u i m b y  (1973*. 19?3 b )  w e r e  u s ed. R T G 2  c e l l s  w e r e  g r o w n  in 60  mm 

t i s s u e  c u l t u r e  q u a l i t y  r e t r i  d i s h e s  ( S t e r i l a b  S e r v i c e s )  a n d  w e r e  

i n o c u l a t e d  w i t h  2 0 0  >j1 of a 1 / 2 0 0 0  d i l u t i o n  of  t he r e f e r e n c e  

v i r u s  s a m p l e s  of 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  o n c e  

t he c e l l s  w e r e  657. 957. c o n f l u e n t .  T h e  c u l t u r e s  w e r e  i n c u b a t e d  

for 1 h o u r  to  a l l o w  for t h e  a d s o r p t i o n  o f  t h e  v i r u s  to t h e  cell s ,  

a f t e r  w h i c h  th e  i n o c u l u m  w a s  r e m o v e d .  A g a r ,  at a 1". c o n c e n t r a r i o n  

was p r e p a r e d  in PBS, a u t o c l a v e d  a n d  k e p t  in a w a t e r  b a t h  at 4 0 C  

u n til used. E q ual v o l u m e s  o f  d o u b l e  s t r e n g t h  E a g l e s  M E M  w i t h  207. 

F C S  w e r e  a d d e d  to t h e  a g a r  s o l u t i o n s  in t h e  w a t e r  b a t h  an d  

i n c u b a t e d  u n t i l  used. T h e  a g a r  p l u s  t h e  20 � . F C S  m e d i u m  w as




















































