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ABSTRACT: Two significant fish kills occurred in the  Pamlico River estuary (North Carolina,  USA), 
one in December  1981 and  January  1982, and  the other in June  1982. The  first involved only the 
southern flounder (Parallchthys lethostigma). Histopathologic examinat ion  of morbid  and  mor ibund  
flounder revealed extensive s loughing  and  necrosis of the  mucosa of the  pyloric caeca and  intest ine,  
and inf lammation of the submucosa  of the  pyloric caeca. Brain and  internal  organ homogena tes  
from morbid and  mor ibund  flounder were assayed on CHSE-214 cells, and  a virus was isolated. 
Virus titers ranged from _< 8.4 . 102 to 6,3 • 107 TCID50 per  gram of tissue, Cross-plaque neutral iza-  
tion assays indicated that  the southern f lounder  virus was infectious pancrea t ic  necrosis virus 
serotype Ab. Immersion cha l lenge  showed the  isolate is only slightly virulent  for fry of brook trout 
(Satvelinus fontinalis]. The second fish kill involved the  southern f lounder  and  six other  species:  
hogchoker  (Trinectes maculatus), Atlant ic  si lverside (Menidia menidia), spot (Leiostomus xan- 
thurus), Atlantic croaker (Micropogon undulatus), silver perch  (Bairdiella chrysura), and str iped 
mullet  (Mugil cephalus). Virus was isolated from southern  founder, hogchoker ,  Atlant ic  silverside, 
and  spot. Neutral izat ion assays indica ted  that  the four isolates were nearly identical;  however,  the 
diversity of species affected suggests  that  the virus might  not have b e e n  the specific cause of 
mortality. 

I N T R O D U C T I O 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  (IPN) is p r i n c i p a l l y  k n o w n  as  a v i r a l  d i s e a s e  t h a t  

c a u s e s  a c u t e  d i s e a s e  a n d  h i g h  m o r t a l i t y  in  1- to 4 - m o n t h - o l d  t rout•  A l t h o u g h  n o n s a l -  

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

b e e n  i s o l a t e d  f rom m a n y  f r e s h w a t e r  s p e c i e s  (Dorson ,  1983; M c A l l i s t e r ,  1983). G e n e r a l l y  

t h e s e  i s o l a t i o n s  h a v e  b e e n  m a d e  i n  t h e  a b s e n c e  of c l i n i c a l  s i g n s  of d i s e a s e  (Hil l ,  1982).  

Hi l l  (1976) a n d  U n d e r w o o d  e t  al.  0 9 7 7 )  e x t e n d e d  t h e  h o s t  r a n g e  of I P N - l i k e  v i r u s e s  to 

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

m a r i n e  f ish.  S t e p h e n s  e t  al.  (1980) a n d  M. N e w m a n  (pe t s .  c o m m . )  i s o l a t e d  IPN v i r u s  f r o m  

A t l a n t i c  m e n h a d e n  (Brevoortia tyrannus) a n d  b l u e b a c k  h e r r i n g  (Alosa aestivMis). Hi l l  

(1982) i s o l a t e d  t h e  v i r u s  f rom y o u n g  h a t c h e r y - r e a r e d  s e a  b a s s  (Dicentrarchus labrax)and 
f rom a b n o r m a l  e g g s  of t u r b o t  (Scophthalmus maximus) a n d  D o v e r  so l e  (Solea solea). 
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We report here the isolation of IPN virus from four species of mar ine  fish involved in 
two fish kills in  the Pamlico River es tuary in  North Carol ina  (USA). The first kill, in 
December  1981 and  Janua ry  1982, involved almost exclusively southern f lounder  (Para- 
lichthys lethostigma); the second, in  June  1982, involved at least seven species: southern 
flounder,  hogchoker  (Trinectes maculatus), Atlant ic  si lverside (Menidia menidia), spot 
(Leiostomus xanthurus), Atlant ic  croaker (Micropogon undulatus), silver perch (Bair- 
dieHa chrysura), and  str iped mul le t  (Mugil cephalus). Virus was isolated from southern 
flounder,  hogchoker,  spot, and  Atlantic  silverside. 

MATERIALS AND METHODS 

H i s t o l o g y  

Tissues from five mor ibund  southern f lounder  collected dur ing  the first fish kill were 
sent  to the Oxford (Maryland) Laboratory, Nat ional  Mar ine  Fisheries Service, for his- 
tological examinat ion.  The specimens  consisted of the formalin-f ixed visceral mass from 
each fish, and  the rest of each carcass was packed  on ice. On  arrival at the laboratory, 
k idney  and gill t issues were excised from carcasses. Kidney imprints  were prepared and  
examined  for the presence  of Trypanoplasma, an d  the r e ma i n i ng  k idney  along with the 
gills were fixed in 10 % seawater-formalin.  The fixed tissues were dehydrated in 
ethanol,  c leared in  xylene,  and  e m b e d d e d  in  Paraplast.  The e m b e d d e d  tissues were 
sect ioned at 6 ~m and  s ta ined with hematoxyl in-eosin .  

Ce l l s ,  m e d i a ,  a n d  v i r u s e s  

Monolayer  cell cul tures of chinook sa lmon embryo (CHSE-214), ra inbow trout 
gonad  (RTG-2), b lueg i l l  fry (BF-2), brown bu l lhead  (BB), and  fathead minnow (FHM) 
were m a i n t a i n e d  us ing  Eagle 's  m i n i m u m  essent ia l  m e d i u m  supp lemen ted  with 10 % 
fetal bovine  serum (MEM-10). The CHSE-214 and  RTG-2 cells were propagated  at 18 °C 
and the BF-2, BB, and  FHM cells at 25 °C. 

P laque  c loned stocks of IPN virus serotypes Ab, Sp, and  VR-299 and  isolates from 
southern flounder,  hogchoker,  spot, and  Atlant ic  si lverside were prepared  in  CHSE-214 
cells infected at a mul t ip l ic i ty  of infection of 0.01-0.001 PFU/cell.  The stocks were stored 
at - 7 0 ° C ,  and infectivity was de te rmined  by  p l a q u e  assay as descr ibed by Wolf & 
Q u i m b y  (1973). 

E l e c t r o n  m i c r o s c o p y  

Ultrathin sections of CHSE-214 cells infected with the southern  f lounder  virus 
isolate were prepared  for electron microscopic examinat ion.  Monolayer  cultures were 
infected as previously described.  After 12 h i ncuba t ion  at 18°C, cells were scraped from 
the flask, fixed in 2 % g lu ta ra ldehyde  (pH 7.2), processed, and  embedded  in Spurt  low- 
viscosity epoxy resin (Polysciences, Inc., Warr ington,  Pennsylvania) ,  sectioned, and 
s ta ined  with OsO 4. 

For nega t ive ly  s ta ined preparat ions,  infected CHSE-214 cells were incuba ted  unt i l  
CPE was ev ident  in over 90 % of the monolayer  (about 72 h post-infection). The culture 
m e d i u m  was decan ted  and  centr i fuged for 15 min  at 2000 × g t o  pel le t  cell debris, and  
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the superna tant  centr i fuged for 60 min  at 100 000 x g. The resul tant  virus concentra te  
was mixed with 4 % phosphotungs t ic  acid (pH 6.0), app l ied  to a carbon-coated  grid, and  
examined  with a Zeiss EM-5 electron microscope. 

V i r u s  p u r i f i c a t i o n  a n d  a n t i s e r u m  p r o d u c t i o n  

Virus was concentra ted by polye thylene  glycol precipi ta t ion (Macdonald & 
Yamamoto, 1977) and  purif ied on l inear  10-50 % sucrose gradients  by centr i fugat ion at 
97 000 x g for 45 min  at 4 °C. The virus b a n d  was removed by side puncture ,  d ia lyzed 
overnight  against  TNE buffer (0.2 M tris, 0.15 M NaC1, 0.001 M Na2EDTA; pH 7.2), and  
frozen at - 7 0  °C. 

New Zealand white rabbits  were in jec ted  in t ravenous ly  with purif ied virus and  both 
in t ramuscular ly  and  subcu taneous ly  with an  emuls ion  of pur i f ied virus and  Freund ' s  
incomplete ad juvan t  (1:1). The in t ramuscu la r  and  subcutaneous  in ject ions  were repe-  
ated 2 weeks  after pr imary inoculat ion.  Rabbits  were  b led  10 to 14 days after the last 
injection. Sera were collected, decon tamina ted  by m e m b r a n e  filtration, inac t iva ted  at 
56°C for 30 rain, and  stored at - -70°C. 

V i r u s  n e u t r a l i z a t i o n  a s s a y s  

Cross-plaque neutra l iza t ion assays were performed be t w e e n  IPN virus serotypes 
Ab, Sp, and  VR-299 and  the southern f lounder  isolate. We also performed p laque  
neutra l izat ion assays us ing  ant isera  to the southern  f lounder  isolate and  viruses isolated 
from hogchoker, spot, and  Atlant ic  silverside. Dilut ions of an t i se rum and  virus were 
made in tris buffered MEM (pH 7.8) supp l emen ted  with 2 % fetal bovine  serum (MEM-2 
tris). Virus samples  were di lu ted to give 80 PFU per  35-mm assay dish. Equal  volumes  
of ant iserum and  virus were combined,  a l lowed to react for 1 h at 18°C with mix ing  at 
15-min intervals,  and  assayed for res idual  infectivity by p laque  assay. The serum 
di lut ion g iv ing  50 % p laque  reduct ion was ca lcula ted  (K~irber, 1931), a nd  the serological 
relat ionships be tween  virus isolates were de te rmined  by us ing  the titer-ratio method of 
Archetti & Horsfall (1959} as descr ibed by  Okamoto  et al. (1983). 

V i r u s  i s o l a t i o n  

Morbid and  mor ibund  spec imens  were received frozen or on ice. Samples  of liver, 
kidney, spleen, caecum, and bra in  were removed and  assayed ind iv idua l ly  or pooled. 
For small  fish the entire visceral mass was removed and  assayed. Spec imens  were 
homogenized,  di luted in  0.1 M phosphate  buffered sa l ine  (pH 7.2) con ta in ing  100 IU/ml 
penic i l l in  and 100 ~g/ml streptomycin,  and  assayed on CHSE-214 cells in  96-well  
microculture plates (McDaniel,  1979). Plates were  incuba ted  at 18 °C and  e x a m i n e d  for 
10 days for cytopathic effects (CPE). 

V i r u s  r e p l i c a t i o n  - ce l l  l i n e  s p e c i f i c i t y  

Drained monolayers  of CHSE-214, RTG-2, BF-2, BB, and  FI tM cells were inocula ted  
with the southern f lounder  isolate to de te rmine  the cell cul ture specificity. Stock virus 
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was d i lu ted  10 -1 to 10 -9 in MEM-2 tris and 0.05 ml  of each  di lut ion inocula ted  into each 
of e igh t  wel ls  on a 96-wel l  microcul ture  plate;  MEM-2 tris was used  as control inoculum. 

After  1 h adsorpt ion at 18°C, 0.1 ml of MEM-10 was  added  to each  wel l  and incubat ion 

con t inued  at 18°C. Cul tures  were  e x a m i n e d  dai ly  for CPE. W h e n  no further CPE 

deve loped ,  or 10 days had  e lapsed,  the cell  cul ture  f luid was harves ted  from the highest  
di lut ion of virus inocu lum showing  CPE in all e igh t  wel ls  and t i trated on CHSE-214 cells 
and on the or ig inal  host cells. 

V i r u l e n c e  a s s a y  i n  s a l m o n i d  f i sh  

To assay the southern  f lounder  virus isolate  for v i ru lence  in sa lmonid  fish, we  used 
the cha l l enge  protocol  descr ibed  by McAll i s te r  et  al. (1983). Sixty-day-old  (T ° = 12.5 °C) 

brook trout (Salvelinus fontinalis] were  p laced  in 1.5-1 aquar ia  at a s tocking densi ty of 

1 g fish per  25 ml water.  Aquar i a  were  supp l i ed  wi th  12.5 °C spr ing water.  Fish were  

exposed  for 5 h to 105 PFU/ml  wate r  of IPN virus (VR-299 serotype) or the southern 
f lounder  isolate. Control  fish were  exposed  to PBS. Mortal i ty  was moni tored  for 21 days. 

RESULTS 

H i s t o p a t h o l o g y  

Superficial ly,  the f lounder  e x a m i n e d  appea red  normal.  No ev idence  of Trypano- 
plasma infect ion was  found. Sect ions of the l iver  indica ted  that  the parenchymal  cells 
con ta ined  l ipid or g lycogen  ind ica t ing  that  the  fish had  b e e n  feed ing  well.  The  hear t  and 

k idney  appea red  normal.  Extens ive  s lough ing  of the mucosa  was ev iden t  in the intes- 
tine, but  some of this was  probably  a t t r ibutable  to pos t -mor tem change.  The  duodenum 

and caeca,  however ,  showed  necrosis  as we l l  as s loughing  of the mucosa  (Fig. 1) and a 
diffuse lymphocyt ic  infi l t rate into the submucosa  (Fig. 2). Because  of these lesions, a 

d iagnosis  of viral  enter i t is  was considered.  

Virus isolation 

When brain and internal organ homogenates from morbid and moribund southern 
flounder collected in December 1981 were assayed on CHSE-214 cells at 18 °C, virus was 
isolated from 8 of 15 fish. Virus titer ranged from --< 8.4 x 102 to 6.3 × I0 ~ TCIDs0/g of 
tissue (Table I). In the fish kill, in June 1982, IPN virus was recovered from visceral 
homogenates of four species: southern flounder, hogchoker, spot, and Atlantic silverside 
(Table I). Preliminary characterization of virus isolates by standard procedures indi- 
cated that they were ether-stable but sensitive to heating at 56 °C for 60 rain (99.94 % 
inactivation; data not shown). 

Electron microscopy 

Electron micrographs of thin sections of CHSE-214 cells infected with the southern 
flounder isolate showed cytoplasmic accumulations of singly encapsidated icosahedral 
virus particles. Individual or small aggregates of virus were randomly distributed 
throughout the cytoplasm; there was no evidence of large crystalline arrays, and no virus 
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Fig. 1, Section through pyloric caeca of a mor ibund  southern f lounder  showing s loughing of 
mucosal epi thel ium and  inf lamed submucosa  (SM) 

w a s  e v i d e n t  in  t h e  n u c l e u s ,  N e g a t i v e l y  s t a i n e d  p r e p a r a t i o n s  of c o n c e n t r a t e d  v i r u s  

s h o w e d  t h e  u n e n v e l o p e d  i c o s a h e d r a  to b e  a b o u t  57 n m  in  d i a m e t e r  (Fig. 3). T h e  d i a m e -  

t e r  of i n t r a c e l l u l a r  a n d  r e l e a s e d  v i r u s  w a s  t h e  s a m e .  



3 2 2  P . E .  M c A l l i s t e r  e t  a l .  

T a b l e  1. Q u a n t i t a t i o n  of v i rus  i s o l a t e d  from v a r i o u s  t i s sue s  of m a r i n e  f i shes  co l l ec t ed  in  Paml ico  
River  

Spec i e s  a n d  t i s sue  Vi rus  t i te r  ( range)  * 

S o u t h e r n  f l o u n d e r  
Poo led  l iver ,  k i d n e y s ,  sp leen ,  a n d  c a e c u m  6.3 X 103- 6.3 x 107 
K i d n e y s  1.1 × 104---~6.3 × 104 
S p l e e n  ~ -_~6.3 × 104 
C a e c u m  _~2.7 × 103 -~  _ 6.3 × 104 
Bra in  ~ ---~ 8.4 × 102 

H o g c h o k e r  
V i sce ra  --~6.3 × 103 

Spot  
Visce ra  --~6.3 × 103 

A t l a n t i c  s i l v e r s i d e  
V i sce r a  _~ 6.3 × 103 

* Vi rus  t i t e r  e x p r e s s e d  as  TCIDs0/g of t i s sue  
No v i r a l  i n f ec t i v i t y  d e t e c t e d  

Fig. 2. Sec t ion  t h r o u g h  py lo r i c  c a e c a  of a m o r i b u n d  s o u t h e r n  f l o u n d e r  s h o w i n g  e x t e n s i v e  lympho-  
cyt ic  i n f i l t r a t i on  in  the  s u b m u c o s a  (SM) a n d  n o r m a l  a p p e a r a n c e  of e x o c r i n e  p a n c r e a s  (EP) 
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Fig. 3. Electron micrograph of negatively stained virus isolated from morbid southern flounder. Bar 
represents 100 nm 

C r o s s - n e u t r a l i z a t i o n  a s s a y s  

Prel iminary neut ra l iza t ion  assays showed  the southern f lounder  isolate was sl ightly 
neutra l ized (Log NI ---- 0.8) by a po lyva len t  an t i serum to seven  North Amer ican  sa lmonid  

IPN virus isolates, sugges t ing  a possible  serological  re la t ionship  to IPN virus. Cross- 

p laque  assays indica ted  a high deg ree  of cross-react ivi ty b e t w e e n  the southern f lounder  
isolate and the sa lmonid  IPN virus serotypes Ab, Sp, and VR-299 (Table 2). Serologica l  

relat ionships were  def ined by t i ter-ratio analysis  of the cross-neutra l izat ion data. The 

southern f lounder  isolate was found to be closely re la ted  to both serotypes Ab and Sp 

(Table 3). 
P laque-neut ra l iza t ion  assays of isolates from the hogchoker ,  spot, and Atlant ic  

s i lverside showed them to be  closely related,  if not ident ical ,  to that  of the southern 

f lounder (data not shown). 
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Table  2. Cross-plaque neutra l izat ion assays of IPN virus (serotypes Ab, Sp, and  VR-299) and  the 
southern  f lounder  virus isolate 

Virus 

Ab 

Ant iserum * 

IPN virus serotype Southern  flounder 

Sp VR-229 isolate 

IPN virus serotype 
Ab 4.82 4.22 3,92 4.74 
Sp 3.12 5.26 4.21 4.66 
VR-299 2.39 4.61 6.39 3.80 

Southern  f lounder  isolate 4.06 4.36 4.07 5.72 

* Ant i serum titer is expressed as the  reciprocal of the logar i thm of the ant iserum dilution giving 
50 % p laque  reduct ion 

Table  3. Serological re lat ionship (l/r) be t w een  IPN virus (serotypes Ab, Sp, and  VR-299) and the 
southern f lounder virus isolate 

Virus 

Ab 

Antiserum" 

IPN virus serotype Southern flounder 

Sp VR-229 isolate 

IPN virus serotype 
Ab 1.0 23.5 282.8 7.4 
Sp 1.0 26.0 9.6 
VR-299 1,0 132.5 

Southern  f lounder  isolate 1.0 

• The serological re lat ionship (l/r) be tween  virus isolates was de te rmined  from analysis of cross- 
p laque  neutra l iza t ion assays by the ti ter-ratios method of Archett i  & Horsfall (1950) as described 
by Okamoto et al. (1983) 

C e l l  l i n e  s p e c i f i c i t y  

T h e  s o u t h e r n  f l o u n d e r  IPN v i r u s  w a s  o r i g i n a l l y  i s o l a t e d  b y  u s i n g  C H S E - 2 1 4  cel ls .  

F o u r  o t h e r  ce l l  l i n e s  RTG-2 ,  BF-2,  BB, a n d  F H M  w e r e  a l so  e v a l u a t e d  for v i r u s  s u s c e p t i -  

b i l i t y  ( T a b l e  4). T h e  v i r u s  w a s  p a s s a g e d  t w i c e  i n  e a c h  ce l l  l i ne .  A s  j u d g e d  b y  v i r u s  y i e l d  

(2.7 × 109 T C I D s 0 / m l  ) a n d  t i m e  for  m a n i f e s t  C P E  ( 4 8 - 7 2  h), C H S E - 2 1 4  ce l l s  w e r e  t h e  

m o s t  s u s c e p t i b l e  ce l l  l i n e .  A n  i n c u b a t i o n  t i m e  of 1 2 0 - 1 4 4  h w a s  r e q u i r e d  to  m a n i f e s t  

C P E  i n  R T G - 2  a n d  BF-2  c e l l s  a n d  t h e  v i r u s  y i e l d s  w e r e  l o w e r  - 6.3 × 106 a n d  1.5 × 10 ~ 

TCIDso/ml, r e s p e c t i v e l y .  N o  C P E  d e v e l o p e d  i n  F H M  a n d  BB c e l l s  a f t e r  10 d a y s  i n c u b a -  
t i o n  at 18°C.  

H i g h e r  v i r u s  t i t e r s  w e r e  r e c o r d e d  for v i r u s  h a r v e s t e d  f r o m  R T G - 2  a n d  BF-2 ce l l s  w h e n  

a s s a y e d  o n  C H S E - 2 1 4  cel ls ,  a n d  a s s a y s  of h a r v e s t s  f r o m  F H M  a n d  BB ce l l s  s h o w e d  c o m p l e t e  

r e c o v e r y  of i n p u t  v i rus .  T h i s  o b s e r v a t i o n  f u r t h e r  d e m o n s t r a t e d  t h a t  t h e  C H S E - 2 1 4  ce l l  l i ne  

w a s  t h e  m o s t  s u s c e p t i b l e  of t h o s e  t e s t e d .  
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Table 4. Comparative response of five fish cell lines to infection with the southern flounder IPN 
virus isolate 

Cell line Cytopathic effect" Virus yield (TCIDs0/mt) 

CHSE-214 + 2.7 × 109 
RTG-2 + 6.3 x 10  6 

BF-2 + 1.5 × l0 T 
FHM -- 
BB - -  

" Cytopathic effect was characterized by rounding of the cell, pyknosis, lysis, and detachment 
from the flask 

No viral activity detected when virus assayed in test cell line 

S u s c e p t i b i l i t y  of  b r o o k  t r o u t  to  I P N  v i r u s  i s o l a t e d  f r o m  s o u t h e r n  f l o u n d e r  

Specific pa thogen  free brook trout ob ta ined  from the Whi te  Sulphur  Springs (West 

Virginia) Nat ional  Fish Hatchery  were  c h a l l e n g e d  by immers ion  with  the southern 

f lounder  IPN virus isolate  and wi th  IPN virus  (serotype VR-299) r ecove red  from a na tura l  

epizootic  in brook trout. Both isolates w e r e  in the  second passage  after p r imary  isolation. 
Fish were  60 days old at cha l l enge  and were  he ld  in spr ing wate r  at 12.5 °C. Exposure  for 5 h 
to l0  s PFU of v i rus /ml  of water  caused  89 % mortal i ty  in fish c h a l l e n g e d  wi th  serotype VR- 

299 but only 5 % mortal i ty  in those  exposed  to the  southern  f lounder  isolate  (Table 5). No 
control fish died.  All deaths  occurred 6 to 14 days after cha l l enge ;  mortal i ty  was moni to red  
for 21 days. 

Table 5. Susceptibility of brook trout to the southern flounder IPN virus isolate and to IPN virus 
{serotype VR-299) 

Vires* Fish (died/total) Mortality {%} 

IPN virus (serotype VR-299} 33/37 89 
Southern flounder isolate 2/41 5 
Control 0/40 0 

* Fish were challenged by immersion for 5 h in water containing 105 PFU/ml of virus. Control 
fish were exposed to PBS. Mortality was monitored for 21 days 

DISCUSSION 

When morbid and mor ibund  southern flounder,  co l lec ted  from the Pamlico River 

estuary in December  1982, were  e x a m i n e d  for bac ter ia l  infect ion and parasites,  and for 
toxic res idues  from industr ia l  and agr icul tura l  chemicals ,  none  of these  factors could be  

ass igned a causal  role in the fish kill. Water  chemis t ry  s tudies and examina t ion  of 

nekton, phytoplankton,  and ben th ic  micro inver tebra tes  ind ica ted  no abnormal i t ies  

(Helms, 1981). However ,  w h e n  homogena t e s  of bra in  and  in terna l  organs  from f lounder  
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were  assayed  on CHSE-214 cells, a virus was  isolated from 8 of 15 fish. Many  fish that 
were  nega t ive  for virus were  only part ly intact  and had  b e e n  scavenged.  Highes t  

concentra t ions  of virus (> l0  T TCIDs0/g tissue) were  recovered  from visceral  organs, and 

virus was also recovered  from brain t issue (< 103 TCIDso/g tissue). His tological  examina-  

t ion r evea l ed  ex tens ive  s loughing  and necrosis  of the mucosa  of the pyloric  caeca and 
in tes t ine  and diffuse lymphocyt ic  infi l t rat ion in the submucosa  of the pyloric caeca. 

Kidney t issue a p p e a r e d  normal.  Viral  enter i t is  was cons idered  as a contr ibut ing cause of 

the f lounder  mortali ty.  
The  southern  f lounder  virus isolate showed  characteris t ics  s imilar  to those of IPN 

virus from sa lmonid  fish. The  virus was  e ther-s table ,  inac t iva ted  by hea t ing  at 56 °C for 

1 h, and had a nonenve loped ,  s ingly encaps ida ted ,  icosahedra l  morphology  and a 
d iamete r  of 57 nm. Analysis  of c ross-p laque  neut ra l iza t ion  assays by the ti ter-ratio 

me thod  es tab l i shed  that  the  southern  f lounder  isolate  was  closely re la ted  to IPN virus 

serotypes Ab and Sp. The 1/r va lue  de l i nea t ed  by the t i ter-ratio analysis indicates  the 

extent  of an t igen ic  dif ference or, conversely,  re la tedness  b e t w e e n  two viruses when  both 
vi ruses  and  their  homologous  ant isera  are used  in cross-neutra l iza t ion assays. The 
smal ler  the I/r, the  g rea te r  the ant igenic  re la tedness .  If 1/r ---- 1, the viruses are serologi- 

cal ly ident ical ;  va lues  of 1/r > 20 indicate  dist inct  serotypes.  Compar i son  of 1/r values 

ind ica ted  that  the southern  f lounder  isolate was  more  closely re la ted to serotype Ab (1/ 
r = 7.4) than to serotype Sp (1/r = 9.6), and was serologica l ly  distinct from serotype VR- 
299 (1/r ---- 132.5). In cell  cul ture suscept ibi l i ty  s tudies the southern f lounder  isolate 

showed  a character is t ic  of serotype Ab in not  rep l ica t ing  in F H M  cells. The most 
sensi t ive cell  l ine for virus detec t ion  was CHSE-214; the virus repl ica ted  in RTG-2 and 

BF-2 cells, but  not in BB cells. 
When  60-day-old  brook trout, used to assay for v i ru lence  to sa lmonid  fish, were  

c h a l l e n g e d  by immersion,  only 5 % of the fish exposed  to the southern f lounder  isolate 
died, compared  with 89 % of those exposed  to serotype VR-299. The  southern f lounder  

isolate  was  clear ly  avirulent .  In sa lmonid  fish, IPN virus isolates in serotype Ab are noted 
for avi rulence ,  whe reas  those in serotype Sp are virulent .  Seemingly ,  such consistency 
may  not occur  wi th  IPN virus isolates from mar ine  fish. Hill  (1982), who isolated IPN 
virus (serotype Sp) from sea bass, found the isolate  to be  infect ious but  avirulent  for 

ra inbow trout fry. The  sou them f lounder  isolate was i n d e e d  infect ious for salmonids,  and 

the brook trout exposed  to the virus became  carriers. When  the virus was recovered 

1 year  after exposure  and used  to cha l l enge  42-day-old  brook trout, less than 5 % of the 
fish d ied  - ind ica t ing  that  the isolate re ta ined  its av i ru lence .  

We also per formed  v i ru lence  assays wi th  pos t -me tamorphose  summer  f lounder  

(Paralichthys dentatus} 3-5  cm long, and 1- to 2-year-old  southern flounder. Fish were  

inocula ted  by in t raper i tonea l  inject ion.  Unfortunately,  results were  inconclus ive  and the 
southern  f lounder  were  found to be virus carriers. Virus was recovered  from each  of the 

e igh t  control fish examined .  Sera col lec ted  from southern  f lounder  neut ra l ized  the virus 

isolate. 
In fish from the second kill, in J u n e  1982, virus was isolated from homogena tes  of 

v iscera l  organs  of southern  flounder,  hogchoker ,  spot, and Atlant ic  si lverside.  Plaque 

neut ra l iza t ion  assays showed  that virus isolates were  neu t ra l i zed  strongly by antisera 
to southern  f lounder .  IPN isolate  and only w e a k l y  by ant isera  to IPN virus (serotype 
VR-299). A l though  cross-neutra l iza t ion assays are n e e d e d  for confirmation, isolates from 
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h o g c h o k e r ,  spot ,  a n d  A t l a n t i c  s i l v e r s i d e  a p p e a r e d  to b e  v e r y  c l o s e l y  r e l a t e d ,  if n o t  

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

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

m i g h t  b e  m e r e l y  a d v e n t i t i o u s  a g e n t 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  a n d  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  a n  

i n c r e a s i n g  d i v e r s i t y  of f i sh  a n d  i n v e r t e b r a t e  s p e c i e s ,  a n d  a d d i t i o n a l  i s o l a t i o n s  w i l l  

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

of i so l a t e s  is c o m p l e x ,  f o r m i d a b l e ,  a n d  a c o n t i n u i n g  t a sk .  T r a d i t i o n a l l y ,  b y  v i r t u e  of 

a n t i g e n i c  c h a r a c t e r  a n d  g e o g r a p h i c a l  d i s t r i b u t i o n ,  t h e  s a l m o n i d  IPN i s o l a t e s  a re  

c a t e g o r i z e d  i n to  t h r e e  b a s i c  s e r o t y p e s :  t h e  E u r o p e a n  A b  a n d  S p  a n d  t h e  N o r t h  A m e r i c a n  

VR-299.  T h i s  r u d i m e n t a r y  c l a s s i f i c a t i o n  c o n t i n u e s  as  t h e  b a s i c  f r a m e w o r k  a g a i n s t  w h i c h  

n e w  i s o l a t e s  a r e  m e a s u r e d  - t h e  p r e s e n t  s t u d y  i n c l u d e d .  T h u s ,  t h i s  r e p o r t  of t h e  f i rs t  

i s o l a t i o n  in  N o r t h  A m e r i c a  of a n a t u r a l l y  o c c u r r i n g  IPN v i r u s  h a v i n g  a n t i g e n i c  c h a r a c -  

t e r i s t i c s  of IPN v i r u s e s  f o u n d  i n  E u r o p e  is  of p a r t i c u l a r  s i g n i f i c a n c e .  I n d e e d ,  t h e  IPN 

i so l a t e  f rom t h e  s o u t h e r n  f l o u n d e r  is r e l a t e d  to b o t h  s e r o t y p e s  A b  a n d  Sp. A s s i g n m e n t  to 

s e r o t y p e  A b  w a s  b a s e d  o n  ce l l  c u l t u r e  s p e c i f i c i t y  a n d  r e l a t i v e  a v i r u l e n c e  to  a s a l m o n i d .  It 

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

a n t i g e n i c  s t r u c t u r e  w i t h  b i v a l e n t  r e a c t i o n  s i t e s  or  m u l t i p l e  d i s c r e t e  a n t i g e n s .  S u c h  

d e t e r m i n a t i o n  m a y  offer  i n s i g h t  no t  o n l y  i n to  t h e  e v o l u t i o n a r y  d e v e l o p m e n t  of IPN v i r u s  

b u t  a l so  i n to  a l t e r n a t i v e  r e a g e n t s  for v i r a l  d i a g n o s t i c s  a n d  d i s e a s e  con t ro l .  
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