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ABSTRACT: Approximately 40 viruses are known from marine sponges;  turbellarian and mono- 
genetic flatworms; cephalopod, bivalve, and gastropod mollusks; nereid polychaetes;  and isopod 
and decapod crustaceans. Most of the viruses can be tentatively ass igned to the Herpesviridae, 
Baculoviridae, Iridoviridae, Adenoviridae, Papovaviridae, Reoviridae, "Birnaviridae", Bunya- 
viridae, Rhabdoviridae, and Picornaviridae. Viruslike particles found in oysters might be represen-  
tatives of the Togaviridae and Retroviridae. Enveloped s ingle-stranded RNA viruses from crusta- 
ceans have developmental  and morphological characteristics intermediate  be tween  families, and 
some show evidence of relationships to the Paramyxoviridae as well as the Bunyaviridae or 
Rhabdoviridae. Certain small viruses of shrimp cannot be assigned, even tentatively, to a particular 
family. Some viruses cause disease in wild and captive hosts, others are associated with disease 
states but may not be primary instigators, and many occur in apparently normal animals. The 
frequency of viral disease in natural populations of marine invertebrates is unknown. Several 
viruses that cause disease in captive animals, with or without experimental  intervention, have also 
been  found in diseased wild hosts, including herpesl ike viruses of crabs and oysters, iridovirus of 
octopus, and reolike and bunyalike viruses of crabs. Iridolike viruses have b e e n  implicated in 
massive mortalities of cultured oysters. Baculoviruses, and IHHN virus, which is of uncertain 
affinities, cause economically damaging diseases in cultured penae id  shrimp. Double or multiple 
viral infection is common in crabs. For example, a reolike virus and associated rhabdolike virus act 
synergistically to cause paralytic and fatal disease in Callinectes sapidus. Information on host 
range, most susceptible stage, and viral latency is available only for viruses of shrimp. One 
baculovirus attacks five species of New World penae id  shrimp. IHHN virus infects three species of 
Penaeus and causes catastrophic mortalities in P. stylirostris, but usually exhibits only inapparent  
infection in P. vannamei. Some shrimp viruses apparently are latent in larvae, causing disease only 
when shrimp have reached the postlarval or juvenile stages. Others are equally or more pathogenic  
in larvae. Studies of shrimp viruses and iridovirus-associated disease in cultured oysters point up 
the need for rapid and accurate diagnostic methods. Until appropriate cell cultures from marine 
invertebrates are devised, the viral identifications necessary for unders tanding of epizootiology, 
rapid containment of epizootics in cultured animals, and decisions regarding introductions of exotic 
species will be difficult or impossible. 

I N T R O D U C T I O N  

Prior  to V a g o ' s  (1966) r e p o r t  of a v i rus  f rom a m a r i n e  crab ,  i n v e r t e b r a t e  v i r u s e s  w e r e  

k n o w n  on ly  f rom t e r r e s t r i a l  i n s e c t s  a n d  mi t e s ,  a n d  a p o s s i b l e  v i rus  h a d  b e e n  f o u n d  in  an  

o l i g o c h a e t e  ( D o u g h e r t y  e t  al., 1963). D i s c o v e r y  t h a t  a v a r i e t y  of v i r u s e s  i n f e c t  m a r i n e  

i n v e r t e b r a t e s  d e p e n d e d  to a l a r g e  e x t e n t  on  t h e  g e n e r a l  a v a i l a b i l i t y  a n d  u s e  of t r a n s m i s -  

s ion e l e c t r o n  m i c r o s c o p e s  t h a t  o c c u r r e d  in  t h e  e a r l y  1960's .  M o s t  of t h e  v i r u s e s  r e p o r t e d  

to da t e  w e r e  d e t e c t e d  b y  e l e c t r o n  m i c r o s c o p y  of t i s s u e s  or  i s o l a t e d  v i rus .  E x i s t e n c e  of t w o  
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viruses was  first deduced  by  exper imenta l  methods,  and  in  the mid 1970's several  strains 
of another  virus were isolated in  fish-cell cultures from tissues of various mollusks and a 
crab. A n u m b e r  of the viruses were found by chance  in  tissues be ing  studied for other 
reasons. A minor i ty  have b e e n  strongly associated with disease states in their hosts; and 
m a n y  of the others r ema in  curiosities whose abi l i ty  to cause disease is not  only u n k n o w n  
but  uns tudied .  

This review discusses the occurrence of viruses in  the phyla  of mar ine  invertebrates  
and  their  affinities with groups that infect ver tebra tes  and  terrestrial and  freshwater 
invertebrates .  Ava i lab le  informat ion on diseases associated with viruses is presented.  
Synerg ism be tween  stress factors and  viruses in  causat ion of disease, and  implications of 
viral  disease for aquacul ture ,  are discussed. 

THE VIRUSES AND THEIR HOSTS 

Family  names  of viruses used in  Table  I are those approved and  def ined by the 
In terna t ional  Commit tee  on Taxonomy of Viruses (ICTV) (Matthews, 1982). "Bir- 
nav i r idae"  is not yet  an  approved name,  bu t  is b e i n g  used by invest igators working  with 
IPNV (Infectious Pancreat ic  Necrosis Virus) of fish, and  rela ted viruses from chickens 
and  Drosophila (Dobos et al., 1979). 

Few viruses from mar ine  inver tebrates  can be  ass igned  with certainty to a part icular  
family because  biochemical ,  biophysical ,  and  immunolog ica l  data are incomple te  or 
lacking.  In most cases, morphological  and  deve lopmen ta l  characteristics of the virions, 
and  their  location in  the cell, al low tenta t ive  associat ion with one or more of the 
recognized  families. The enve loped  cytoplasmic viruses that are know n  to,  or presumed 
to, conta in  s ing le - s t randed  RNA are par t icular ly  difficult to relate to a descr ibed family 
because  they appear  to share characteristics with more than  one. The small  viruses of 
shr imp are of unce r t a in  affinities and  are not  l isted in  Table  1. Except where  indicated,  
ass ignments  of viruses to n a m e d  groups are provisional .  

According to Bonami  et al. (1971), a virus (or viruses) has b e e n  found in  
echinoderms.  I have  b e e n  u n a b l e  to confirm this s ta tement  by reference to the l i terature 
ava i lab le  to me. 

H e r p e s v i r i d a e  - m o l l u s k s ,  c r u s t a c e a n s  

Species accepted by  the ICTV as members  of the Herpesvi r idae  are all from 
mammals  and  birds, bu t  this committee notes that  herpesviruses  also occur in  cold- 
b looded vertebrates  and  inver tebra tes  (Matthews, 1982; B u c h a n a n  & Richards, 1982). 
Several  herpes l ike  viruses cause disease in  mar ine  and  freshwater  fish (McAllister, 
1979), and  a herpes l ike  virus has b e e n  found in  Thraustochytrium sp., an estuar ine 
sapro legnid  fungus  (Kazama & Schornstein,  1972). The fol lowing three herpesl ike 
viruses are k n o w n  from mar ine  invertebrates.  

The first one to be descr ibed was from oysters, Crassostrea virginica, be ing  held at 
28 to 30 °C in  the coolant  d ischarge from a fossil-fueled gene ra t ing  p lan t  in Maine.  Many 
died, a l though normal  oysters are unaffected by tempera tures  in  the 30 °C range.  Tissues 
of 10 dy ing  oysters examined  by  l ight  microscopy and  EM (electron microscopy) had 
di la ted digest ive diver t icula  and  cel lular  infiltrates, sometimes massive, in  vesicular  
connect ive  t issue a round hemolymph  sinuses. Cells  a round  these s inuses had in t ranu-  
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Table 1. Viral families with known or presumed members  in marine invertebrates.  
ds = double stranded; ss = single stranded 

Family Hosts Representat ive 

Marine invertebrates Listed by ICTV* members  

Herpesviridae Crabs, oysters Vertebrates Human herpesvirus, 
ds DNA, enveloped, cytomegalovirus 
nucleus and 
cytoplasm 

Baculoviridae Crabs, shrimp* • Insects, arachnids, Nuclear polyhedrosis 
ds DNA, enveloped, insect - parasitic viruses - insects 
nucleus, sometimes fungus? 
cytoplasm 

Iridoviridae Octopus* *, oysters, Insects, fish, frogs, Lymphocystis virus - 
ds DNA, polychaete mammals,  fish, ir idescent 
nonenveloped, terrestrial isopods, viruses - insects 
cytoplasm daphnid 

branchiopod 

Turbellarians, sponge Birds, mammals  Adenoviridae 
ds, DNA, 
nonenveloped,  
nucleus 

Papovaviridae Oyster 
ds DNA, 
nonenveloped, 
nucleus 

Reoviridae 
ds RNA (10-12 
segments), 
nonenveloped,  
cytoplasm 

"Birnaviridae" 
ds RNA (2 segments), 
nonenveloped,  
cytoplasm 

Bunyaviridae Crabs 
ss RNA, enveloped, 
cytoplasm 

Rhabdoviridae Crabs 
ss RNA, enveloped, 
cytoplasm 

Picornaviridae 
ss RNA, 
nonenveloped, 
cytoplasm 

Viral pneumonia  virus 

Mammals  Wart virus 

Trematode, squid, 
oysters, parasitic 
isopod, crabs 

Bivalves'*, 
gastropods* *, crab 

Plants, arthropods, 
birds, mammals  

Fish, birds, insect 

Cytoplasmic 
polyhedrosis  viruses 
- insects, tick fever 
virus 

IPN virus - fish 

Arthropods, 
vertebrates 

Plants, insects, birds, 
mammals  

Crabs, parasitic isopod Insects, mammals  

Arthropod-borne 
viruses 

Rabies virus 

Polio virus 

* M a t t h e w s  ( 1 9 8 2 )  

• * One or more of the viruses reported are accepted as members  or probable members  of the 
family by the ICTV 
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clear inc lus ions  that con ta ined  n o n e n v e l o p e d  hexagona l  virions, 70 to 90 nm, with either 
an eccentr ic  e lec t ron-dense  nucleoid  or an  empty  centre (Fig. 1) (Farley et al., 1972). 
Enve loped  particles, about  250 nm, as wel l  as n o n e n v e l o p e d  ones, were associated with 
probable  vi rogenic  stromata in  the cytoplasm (Farley, 1978). When  searched for, this 
virus was  also found in  a small  pe rcen tage  of Ma ine  oysters l iv ing in the normal  
env i ronment .  

A herpes l ike  virus found in  mesodermal  cells of the male  gonad  of crabs, Rhith- 
ropanopeus harrisii from North Carolina,  is n o n e n v e l o p e d  in the nucleus  but  has an 
enve lope  in  the cytoplasm (Payen & Bonami,  1979). It is paraspher ical  and  slightly 
angula te ;  capsids have var iably  dense  interiors  and  are 75 to 80 nm. Enveloped virions 
are 100 to 110 nm. Enve lopmen t  apparen t ly  occurs dur ing  passage from the nuc leus  to 
the cytoplasm, as typical  of vertebrate herpesviruses.  Genera l  t issue distr ibution of this 
virus is unknown .  Pa thogenic  effects appeared  to be  l imited to degenera t ion  of some 
infected cells. 

The third herpes l ike  virus (HLV --- HerpesLike  Virus) infects hemocytes of the b lue  
crab, Callinectes sapidus (Johnson, 1976a). The central  cylindrical  nucleoid  of HLV is 
sur rounded  by a toroid and  the envelope  of a fully developed vir ion consists of two 
membranes .  The enve loped  vir ion is hexagona l  with a d iameter  of 185 to 214 nm (Fig. 2) 
(Johnson, 1983). Entire development ,  i nc lud ing  enve lopment ,  takes place in  the greatly 
hyper t rophied  nucleus ,  with viral release through lysis of the nucleus.  HLV causes 
disease and  mortal i ty in  both captive and  wi ld  crabs from the Chincoteague  Bay system 
of Delaware,  Maryland,  and  Virginia.  

B a c u l o v i r i d a e  - c r u s t a c e a n s  

Baculoviruses are the qu in tessen t ia l  nuc lear  viruses of arthropods. Best known  from 
insects, they also occur in arachnids  and mar ine  crustaceans,  and  a baculol ike  virus was 
found in  an  insect-parasi t ic  fungus  (Federici & Humber ,  1977). All descr ibed mar ine  
members  are from penae id  shrimp and b rachyuran  crabs. 

The majori ty  of insect  baculoviruses  are occluded;  that is, virions become e m b e d d e d  
in a prote inaceous  occlusion body. Nuclear  polyhedrosis  viruses have many  virions 
con ta ined  wi th in  an  occlusion body that is often polyhedra l  (Subgroup A). Granulosis  
viruses are e m b e d d e d  singly, or rarely in  pairs, in small  occlusion bodies  (Subgroup B). 
Non-occ luded  baculovi ruses  lack occlusion bodies  and  vir ions lie directly in  the nucleo-  
p lasm (Subgroups C and  D). Subgroups  C and  D cannot  a lways be d is t inguished 
morphological ly.  

Nuclear  polyhedrosis  viruses occur in  shrimp, and  non-occ luded  baculoviruses 
infect  both shr imp and  crabs (Table 2). Granulosis  viruses have not b e e n  reported from 
crustaceans.  Only  Baculovirus penaei  has b e e n  sufficiently characterized to allow 
acceptance  by  the ICTV as a m e m b e r  of the family (Couch, 1981), but  the other 
enve loped  rod-shaped nuc lear  viruses of crustaceans are clearly related to, and most 
p robab ly  are, member s  of the Baculoviridae.  Virions of cer ta in  insect- infect ing species of 
Subgroups  A and  D have two or more nucleocapsids  per  envelope,  but  virions of known  
crus tacean- infec t ing  baculovi ruses  are enve loped  singly.  Nuclei  infected with any  of the 
crustacean baculoviruses  are hypertrophied,  usua l ly  evenly  and  rather weakly  Feu lgen  
positive, and  often have a rim of s trongly s ta in ing  chromatin.  



Vira l  d i s e a s e s  69 

Figs 1 and 2, Electron micrographs of herpesl ike viruses, both in the nucleus (81 000 X), 
Fig. 1. Nonenveloped virus of Crassostrea virginica, Electron micrograph courtesy of C. A. Farley. 

Fig. 2. Enveloped virus of Callinectes sapidus 
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Table 2. Baculoviruses of crustaceans 

Name Probable Hosts Tissue attacked Size 
subgroup 

BP A Penaeus spp. (New World} Hepatopancreas 75 × 270 nm 
MBV A Penaeusmonodon, Hepatopancreas 75 X 324 nm 

Penaeus merguiensis 
BNINV C Penaeusjaponicu$ Hepatopancreas 72 X 310 nm 
Baculo-A C Callinectes sapidus Hepatopancreas 70 X 285 nm 
Unnamed C? Carcinusmediterraneus Hepatopancreas 65-70 × 300-320 nm 

Baculo-B C Callinectes sapidus Hemocytes, I00 x 335 nm 
hemopoietic tissue 

Unnamed C Carcinus maenas Hemocytes, 75-80 x 230-280 nm 
connective tissue 

Nuclear  polyhedrosis  viruses infect seven  species of shrimp. BP (Baculovirus penaei) 
occurs in  Penaeus duorarum, P. aztecus, and  P. setiferus from the nor thern  Gulf of 
Mexico, and  p robab ly  the same virus occurs in  P. vannamei and  P. stylirostris in  culture 
facilit ies on the Pacific coast of Cent ra l  Amer ica  and  Ecuador (Couch, 1974a, b, 1978, 
1981; Lightner  et al., 1983b; Lightner,  pets. communicat ion) .  MBV (Monodon 
BaculoVirus) infects an  Indo-Pacific shrimp, Penaeus monodon, and  infect ion has been  
noted in  Penaeus merguiensis (Lightner & Redman,  1981; Lightner  et al., 1983a, b). Both 
these viruses attack epi thel ia l  cells of the hepa topancreas  and  occasionally are found in 
midgut  epi thel ia  also. MBV occlusion bodies  are mul t ip le  and  more or less spherical, 
those of BP are tetrahedral .  MBV is k n o w n  only from cul tured shrimp, and  BP, also 
discovered in  captive shrimp, was later found in wi ld  popula t ions  in the Gulf of Mexico 
(Lightner et al., 1983b; Couch, 1974a, b). 

Three non-occ luded  baculoviruses  are found in  hepatopancrea t ic  cells of shrimp 
and  crabs. BMNV (Baculoviral Mid-gut  g l and  Necrosis Virus) is know n  from cul tured 
Japanese  shrimp, Penaeus japonicus. This virus causes extensive mortali t ies in larvae 
and  post larvae (Sano et al., 1981). Juven i les  and  adults  of the b lue  crab, Callinectes 
sapidus, from the Atlant ic  coast of North America are consistent ly infected with a non-  
occluded hepa topancrea t ic  virus, Baculo-A (Baculovirus A), that apparen t ly  does not 
harm its host (Johnson, 1976b, 1983). Prevalence usual ly  varies from 4 to 20 %. Infection 
is focal, se ldom extensive,  and  is conf ined to differentiated cells in  the ep i the l ium that 
are con t inua l ly  be ing  replaced  by fresh cells. Stem cells are not affected. Development  of 
Baculo-A is associated with in t ranuc lea r  tubu le l ike  structures. The  second hepatopan-  
creatic virus of crabs, from French Carcinus mediterraneus, will  cause fatal disease in its 
host (Pappalardo & Bonami,  1979). Crabs can be infected exper imenta l ly  by feeding of 
infected tissues and  by in jec t ion of concentra ted virus, and  virus can be recovered 10 
days fol lowing infection. Nucleocapsids  of the Carcinus virus are strongly curved or 
f lexed w h e n  wi th in  the envelope.  If the enve lope  is ruptured,  the nucleocapsid  becomes 
straight. 

The r ema in ing  non-occ luded  baculoviruses  from crabs attack hemocytes, hemopoie-  
tic cells, and  connect ive- t issue cells. Baculo-B (Baculovirus B) infects hemocytes and 
hemopoie t ic  t issue of b lue  crabs from Chesapeake  Bay, Mary land  (Johnson, 1983). A 
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similar virus infects hemocytes  and connec t ive  t issue of Carcinus maenas from the 

French Medi te r ranean  coast (Bazin et al., 1974). D e v e l o p m e n t  of both viruses  is associ- 
ated wi th  vesicles in the nucleus.  Unl ike  the case  wi th  other  c rus tacean  baculoviruses ,  
hyper t rophied  nucle i  infec ted  wi th  Baculo-B are strongly, not  weakly ,  F e u l g e n  posi t ive.  

The  effect of the two viruses  on their  hosts is unknown.  The  Carcinus virus was found 

dur ing a study of l imb regenera t ion ,  and Baculo-B occurred  e i ther  in b lue  crabs of 
normal  appearance  or in ones infected with  other  viruses.  

I r i d o v i r i d a e  - m o l l u s k s ,  a n n e l i d s  

Iridoviruses infect a broad range  of an imals  from insects, f reshwater  daphnids ,  and 
terrestrial isopods to mammals ,  and inc lude  Iymphocyst is  virus of fish. Some species  

have  a broad host range,  and i r idoviruses  often have  b e e n  impl ica ted  in disease,  usual ly  
chronic, of their  inver tebra te  hosts. Ohba  & Aizawa  (1979) demons t ra ted  that an 

iridovirus from a lepidopteran,  CIV (Chilo I r idescent  Virus), wi l l  infect  not only many  

insects of six orders but  also species  of the terrestr ial  isopods Armadillidium and 

Porcellio and the cen t ipede  Thereuonema. CIV did not infect a grapsid  crab, a mi l l ipede ,  
a diplopod, and a spider.  Mice  are k i l led  by CIV (Ohba & Aizawa,  1982) and that virus, 

as wel l  as one isolated from Armadiltidium, cause  fatal d i sease  in the frog Rana 
limnocharis (Ohba & Aizawa,  1981). The  i r idovirus  of Armadillidium will  infect  both 

lepidopterous  (Ohba et al., 1982) and coleopterous  insects  (Cole & Morris, 1980). 
Marine viruses a l l ied to the I r idovir idae  occur in cepha lopod  and b iva lve  mollusks,  

and in polychaetes .  Rungger  et al. (1971) descr ibed  a fatal d isease  of Me d i t e r r a n e a n  

Octopus vulgaris character ized by nodular  tumors in muscle.  The  virus associated with  
the lesions is hexagona l  in sect ion and measures  about  100 to 140 nrn. S ta in ing  charac-  

teristics, morphology,  and  d e v e l o p m e n t  indica te  that  this virus is an ir idovirus.  First seen  

in capt ive octopus, d i seased  spec imens  were  la ter  co l lec ted  from nature.  

The  Portuguese oyster, Crassostrea angutata, and impor ted  J a p a n e s e  oysters, Crass- 
ostrea gigas, on the French coast are infected by s imilar  or ident ica l  i r idol ike  viruses,  350 
and 400 nm in diameter ,  respec t ive ly  (Comps & Duthoit,  1976; Comps  et al., 1976; 

Comps & Bonami, 1977). Elston (1979) repor ted  a smal ler  i r idol ike  virus, 228 nm, in ve la r  
cells of larval  C. gigas from a Wash ing ton  State oyster hatchery.  In all cases, viral  

infection was found in animals  from popula t ions  un d e rg o in g  mortal i t ies.  
The polychae te  virus, 165 to 185 nm, was found in male  gonada l  cells  of Nereis 

diversicolor col lec ted  nea r  Boulogne,  France  (Devauche l le  & Durchon,  1973; 

Devauchel le ,  1977). Only matur ing  gametocy tes  are at tacked,  spermat ids  are not 
formed, and the host is r endered  sterile. Inject ion of virus concent ra ted  from infec ted  

tissue results in 100 % infect ion of normal  male  worms. Pellets  of this virus exhibi t  an 

i r idescence typical of insect  ir idoviruses.  Virions conta in  DNA and have  morpho log ica l  
and deve lopmenta l  characteris t ics  that p lace  the virus in the Ir idovir idae.  It has b e e n  

named  NIV (Nereis Ir idescent  Virus). 

A d e n o v i r i d a e  - s p o n g e ,  t u r b e l l a r i a n s  

These  nuclear  viruses, measu r ing  70 to 90 nm, are known  from m a m m a l s  and birds. 

Adenol ike  viruses have  b e e n  found in cul tured f reshwater  cnidarians,  Hydra vulgaris 
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(Bonnefoy et al., 1972), and  spiders, Pisaura mirabilis (Bergoin & Morel, 1978; Bergoin et 
al., 1982). Three viruses of lower mar ine  inver tebra tes  are l ike adenoviruses  of verte- 
brates morphological ly  and  by their nuc lea r  location. The three were discovered by 
chance  in an imals  b e i n g  examined  by EM for other purposes, and  except for local or 
cytopathic effects, did not cause overt disease in  their  hosts. 

An adenol ike  virus was found in  only  one of more than  100 sponges,  Verongia 
cavernicola, collected near  Marseilles,  France (Vacelet & Gall issian,  1978). The isomet- 
ric virions, 55 to 60 nm, are smal ler  than  vertebrate  adenovi ruses  but  similar  in appear-  
ance. They occurred in  a part  of the sponge that lacked choanocytes and  exhibi ted other 
abnormalities including presence  of giant ceils whose nuclei contained the virus. 
Smaller  isometric part icles in  cytoplasmic inclus ions  were found in  the same sponge, 
and  in  one case, in  the same cell con ta in ing  the nuc lear  virus. See further discussion 
unde r  the Picornavir idae.  

Two adenol ike  viruses have been  reported from European  tu rbe l la r ian  flatworms, 
and  both were in nuc le i  of probable  g land  cells. Oschman  (1969) descr ibed in t ranuclear  
virions, approximate ly  100 nm, in  an ind iv idua l  of Convoluta roscoffensis from a labora- 
tory colony, and  Reuter (1975) discovered a similar, bu t  smaller,  virus, 60 to 70 nm, in an 
unspeci f ied  n u m b e r  of Gyratrix hermaphroditus collected from the wild in Finland.  In 
heavi ly  infected Gyratrix cells, virus was presen t  in  both nuc leus  and  cytoplasm. This 
virus produced abnormal i t ies  in infected cells that could be observed with the l ight 
microscope. 

P a p o v a v i r i d a e  - oys te r s ,  c l a m  

Accepted members  of the Papovavir idae  are k n o w n  only from mammals ,  and may be 
associated with neoplas ia  in  their  hosts. The papoval ike  virus of oysters causes extreme 
en l a rgemen t  of nuc le i  of cells of the ge rmina l  t issues of Crassostrea virginica (Fig. 3) 
(Farley, 1976). The angu la te  vir ions measure  about  53 nm, wi th in  the size range  of the 
papovaviruses .  Dense concentra t ions  of virus occur in  infected nuclei,  and  the strong 
Feu lgen  react ion in  such nuc le i  gives presumpt ive  evidence  that the virus contains  
DNA. Only  small  numbe r s  of infected nuc le i  are present,  and except for lysis of infected 
cells, apparen t ly  this virus does not harm its host (C. A. Farley, pets. communicat ion) .  
Based on l ight  microscopy, Farley (1978) reported that similar viruses may occur in 
gonada l  cells of Crassostrea gigas, C. commercialis, Ostrea edulis, a nd  O. lurida. 

A second papoval ike  virus was found in  10 of 50 clams, Mya arenaria, from 
Massachuset ts  (Farley, 1976, 1978). Hemocytes,  connect ive tissues, and  gill ep i the l ium 
were infected. Vi rus -con ta in ing  nucle i  were hyper t rophied and  conta ined  Feulgen-  
posit ive inclusions.  These inc lus ions  conta ined  isometric, n o n e n v e l o p e d  virions, 40 to 
45 nm. Harshbarger  et al. (1977) reported a similar  virus from hemocytes  of M. arenaria 
from Maine.  That  virus measured  55 nm. Despite the reported size differences, it seems 
l ikely that the viruses are the same species. 

R e o v i r i d a e  - m o n o g e n e t i c  t r e m a t o d e ,  s q u i d ,  oys ter ,  p a r a s i t i c  i sopod ,  c r a bs  

Viruses in  this family infect a broad range  of hosts, i nc lud ing  plants,  insects and  
ticks, mammals ,  and  birds. Some are t ransmit ted  to vertebrates  by insects and  ticks, and  
to plants  by insects. The cytoplasmic polyhedrosis  viruses of insects are inc luded  in  the 
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Fig. 3. Gametocyte of Crassostrea virginica infected with a papovalike virus. The greatly hyper- 
trophied nucleus is surrounded by a thin rim of cytoplasm. The numerous small cells are sperm. 

N = infected nucleus, Feulgen stained, 300 X. (Photograph courtesy of C. A. Farley) 

Reoviridae, and a cytoplasmic polyhedros is  virus is found in the f reshwater  daphn id  
crustacean, Simocephalus exspinosus (Federici  & Hazard,  1975). Severa l  reo l ike  viruses  

occur in mar ine  t rematodes,  mollusks,  and crustaceans.  
The  reol ike  viruses  of a m o n o g e n e t i c  t rematode,  a squid,  and an oyster  apparen t ly  

do not d a m a g e  their  hosts. The  t rematode  virus was  found in an uns ta ted  n u m b e r  of 

Diplectanum aequans t aken  from the gills of a sea bass, Dicentrarchus labrax (Mokhtar-  

Maamouri  et al., 1976). The po lygona l  vir ions infec ted  the cytoplasm of pa r enchyma l  

cells, measured  66 to 70 nm, and often occurred in large  paracrys ta l l ine  arrays. The  virus 
of squid, Sepia officinalis, was found in s tomach cells  of a s ingle  spec imen  col lec ted  off 
the French coast (Devauchel le  & Vago, 1971). Size (75 nm), morphology,  and deve lop-  

ment are l ike those of the Reovir idae.  Both the above  viruses  w e r e  found dur ing  EM 
examinations be ing  per formed for other  reasons. The oyster  virus was isolated from 

larvae of Crassostrea virginica in f ish-cel l  cul tures  (blue gill  fibroblast,  BF-2) (Meyers, 

1979). Several  other  f ish-cell  l ines were  also suscept ible .  Isolations were  m a d e  from 

three pools of larval  oysters from two ha tcher ies  on Long Island Sound, N e w  York, 
during screening for ind igenous  viruses. This  virus, 79 nm, is i cosahedra l  and capsomere  

structure is apparent ly  l ike that of the Reovir idae  (Meyers & Hirai,  1980). It is not s imilar  

to infectious pancreat ic  necrosis  virus (IPNV) of fish, based  on its different  size and 
morphology, and its fai lure to be  neu t ra l ized  by a po lyva len t  IPNV ant iserum. It was  

presumed not to be  a con tamina t ing  ver tebra te  reovirus  by i m m u n o l o g i c  d i f ferences  and  

because it did not cause CPE (cytopathic effect) in m a m m a l i a n  and av ian  cell  cul tures  
known to support various reovirus serotypes.  
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A reolike virus, 58 nm, was found in  tissues of parasi t ic  isopods, Portunion confor- 
mis, infected with a p icomal ike  virus. The two viruses somet imes occurred in the same 
cell (Kuris et al., 1979). The reolike virus was much  less a b u n d a n t  than the picornal ike  
virus, and  its abi l i ty  to cause disease is u n k n o w n .  It did not occur in  tissues of the host 
crabs. 

The three reol ike viruses reported from crabs are associated with fatal disease of 
their  hosts. The P virus (Paralysis Virus) of Macropipus depurator was the first virus 
descr ibed from a mar ine  inver tebra te  (Vago, 1966). It was  found by EM examina t ion  of 
t issue suspens ions  concent ra ted  by centr ifugation,  and  occurred in  wild, diseased crabs 
with progressive paralysis  that  were collected from the French Medi t e r r anean  coast. The 
P virus has b e e n  par t ia l ly  character ized (Bonami, 1973; Bonami et al., 1976; Bergoin et 
al., 1982). It is icosahedral  and  58-65 nm. The g e n o m e  consists of 10 segments  of double-  
s t randed RNA, like the Reoviridae and  un l ike  the birnaviruses ,  which are similar in size 
and  appea rance  bu t  have  b i s egmen ted  RNA. Whether  the P virus causes necrosis in  
nervous  tissue l ead ing  to the paralysis typical  of the disease has not b e e n  reported. A 
s imilar  virus, RLV (ReoLike Virus), is involved in  fatal disease in  labora tory-main ta ined  
b lue  crabs, Callinectes sapidus, from Chesapeake  Bay, Maryland  (Johnson & Bodammer, 
1975; Johnson,  1977, 1983). RLV is also associated with paralysis of the host. An 
enve loped  virus (S virus) is usual ly  found with the P virus in M. depurator (Bonami, 
1973), and  a rhabdol ike  virus (RhVA) was a lways found with RLV in tissues of diseased, 
para lyzed  b lue  crabs examined  by EM (Johnson, 1983). RLV and  RhVA act synergist i-  
cally to produce the characteristic paralysis. The gill  virus of Carcinus mediterraneus 
also causes  fatal disease and  is s imilar  morphological ly  to P virus and  RLV. Inject ion of 
purif ied virus or contact with diseased tissues causes death  in  8 days. This virus forms 
r ing-shaped  aggregates  in  gil l  epi thel ia l  ceils and  may  comple te ly  destroy the gill 
ep i the l ium (Bonami, 1976; Bergoin et al., 1982). 

" B i r n a v i r i d a e "  - m o l l u s k s ,  c r a b  

Members  of this group infect fish, fowl, and  an  insect, Drosophila. The best  know n  
species is IPNV (Infectious Pancreat ic  Necrosis Virus) of fish, ma in ly  salmonids.  Virions 
of b i rnavi ruses  are about  60 nrn, icosahedral ,  and have 92 morphological  subunits .  
Birnaviruses differ from the Reoviridae biophysical ly  and  immunologica l ly .  They  have 
only two segments  of doub le - s t r anded  RNA in the genome,  rather  than  10 to 12 as in 
Reoviridae, and  capsid morphology is different. They are smal ler  than m a n y  reoviruses, 
bu t  s imilar  in  appea rance  by EM examina t ion  of th in-sec t ioned  tissues. Morphologic 
criteria, as seen by examina t ion  of th in  sections, do not serve re l iab ly  to separate viruses 
of these two groups. 

The b i rnavi ruses  associated with mar ine  mollusks and  a crab were all isolated in 
fish-cell cul tures at the Weymouth,  England,  Fish Diseases Laboratory (Hill, 1976a, b). 
Isolations were from the b ivalves  Tellina tenuis, Crassostrea gigas, C. virginica, Ostrea 
edulis, and  A4ercenaria mercenaria; the gastropods Patella vulgata and  Littorina littorea; 
and  the crab Carcinus maenas. One  isolation was made  from tissues of Canad i an  C. 
virginica; and  12 were  from an imals  collected a long  the coasts of Eng land  and  Scotland. 
Apparen t ly  all  the viral  strains tested be long  to one of the know n  serotypes of IPNV, 
a l though reports differ conce rn ing  one isolate from Tellina and  one from O. edufis (Hill, 
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1976a, b; Underwood et al., 1977; Dobos et al., 1979; MacDonald  & Gower, 1981). None  
of the isolated strains tested appear  to be  marked ly  pathogenic ,  bu t  there is some 
evidence of a mild pa thogenic  effect on the digest ive g l and  of normal  O. edul i s  exposed 
to cultured virus isolated from O. eduli$ and  Tellina (Hill & Alderman,  1977), and  there 
may have been  increased mortal i ty in groups of O. eduHs and  C. gigas  exposed to strains 
from O. eduHs and  C. virginica (Hill et al., 1982). Virus was recovered from C. g i f fasand 
Tellina for a considerable  per iod after they had been  exposed, through water, to an  
isolate from Tellina (Hill, 1976b), and  virus was recovered from O. edul i s  and  C. giga$ 
exposed to strains from O. edul i s  and  C. virginica (Hill et al., 1982). 

Confusion exists in  the earl ier  l i terature on the virus from Tellina (Buchanan,  1973; 
Hill, 1976a, b; Underwood et al., 1977). Buchanan  (1973) reported an  icosahedral  70 n m  
virus in the digest ive g land  of abnormal  Tell ina that had chalky, bri t t le shells and  
discolored digest ive glands.  Hill isolated a smal ler  virus (55 to 60 nm) from the d iseased 
clams, and original ly it was be l i eved  to be the one seen  by Buchanan  (Hill, 1976a). 
However, the virus seen by Buchanan  was discovered to be a phage  wi th in  a rickettsia, 
and the rickettsia was responsib le  for disease in  the clams (Buchanan,  1978). The 
birnavirus  from Tellina was not  seen in  t issues of the group of d iseased clams used for its 
isolation, bu t  cytoplasmic paracrys ta l l ine  arrays of a virus s imilar  to that from Tell ina 
were seen in th in  sections of the digest ive g l and  of an  oyster, C. gigas, that had b e e n  
exposed through water  to the Tellina virus (Hill, 1976a). 

B u n y a v i r i d a e  - c r a b s  

These spherical  to oval viruses, 90 to 100 n m  in  diameter ,  are ar thropod-borne  
viruses of warm- and  cold-blooded vertebrates.  Thei r  ar thropod hosts inc lude  insects  
and ticks. Bunyaviruses  mature  by b u d d i n g  into vesicles of smooth endop lasmic  
ret iculum associated with the Golgi  complex. Three  viruses of crabs appear  to be  more 
closely related to the Bunyavir idae  than  other families of viruses. The three are all found 
in cytoplasmic vesicles, and  there are indica t ions  of b u d d i n g  into the vesicles in  two of 
them. 

Bang (1971, 1974) deduced  the presence  of a virus in crabs, Carcinus maenas ,  that 
developed a defect in  the clott ing m e c h a n i s m  after be i ng  in jec ted  with he mo l ymph  from 
a wild crab suffering the same defect. The causat ive agen t  was f i l terable and  EM 
examina t ion  of hemocytes t aken  from an  exper imenta l ly  infected crab showed spherical  
particles of virus in the endop lasmic  ret iculum. Hoover (1977) reported that this virus, 
CHV (Crab Hemocytopenic  Virus), also cal led "Roscoff Virus" (Bang, 1983), measures  55 
to 80 nm, attacks hemocytes, par t icular ly  granulocytes,  and  apparen t ly  buds  into the 
cytoplasmic vesicles where  it is found. Except for its somewhat  smal ler  size, it appears  
like a bunyavirus .  CHV was isolated from one of more than  600 crabs be i ng  b led  for 
another  purpose,  at Roscoff, France.  It has not b e e n  found again.  

Y-organs of several  Carcinus med i t e r raneus  be i ng  examined  by EM dur ing  invest i -  
gations of Sacculina infection, con ta ined  an  oval virus, 60 × 180 nm, that packed  
cytoplasmic vesicles (Zerbib et al., 1975; Bonami, 1976). It occurred in  normal  and  
parasitized crabs. There is no further informat ion on this virus. 

The best characterized bunya l i ke  virus is the S virus (S&te virus) of Med i t e r r anean  
Macropipus depurator. It has also b e e n  found in  Carcinus medi terraneus ,  and  causes 
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disease in  the na tura l  env i ronmen t  (Bonami & Vago, 1971; Bonami et al., 1971, 1975; 
Bergoin et al., 1982). The virus also shows characterist ics of the Paramyxoviridae.  The 
genome  of the S virus contains  s ing le -s t randed  RNA, and  some of its physical  and  other 
chemical  a t t r ibutes  have b e e n  de te rmined  (Bonami et al., 1975; Bergoin et al., 1982). The 
virus is pleomorphic,  be ing  spherical,  oval, or e longate  in mater ial  obta ined  by density- 
g rad ien t  cent r i fugat ion of hemolymph  and  other tissues, bu t  in  th in  sections of heart  and  
connect ive  t issues only ovoid and  spherical  forms, 100-120 × 200 nm, were found. 
Virions develop in  cytoplasmic vesicles (Bonami et al., 1971, 1975). Usual ly associated 
with the P virus of M. depurator, it causes fatal disease w h e n  separated and injected into 
normal  crabs (Bonami & Vago, 1971). 

R h a b d o v i r i d a e  - c r a b s  

Members  of this family are found in  plants,  inver tebra tes  (arthropods), and  verte- 
brates. Most k n o w n  an imal  rhabdoviruses  are bu l le t - shaped  and  relat ively large 
(70 × 170 nm). Plant  rhabdoviruses ,  accepted as such by the ICTV, are usua l ly  bacil-  
liform, often of smal ler  diameter,  and  may be much longer  (45-95 X 135-380 nm). Some 
ver tebrate  and  p lan t  rhabdovi ruses  mul t ip ly  in  insects, t ransmiss ion by arthropod 
vectors occurs with both, and  congeni ta l  t ransmiss ion is found in  a Drosophila virus 
(Sigma virus). Format ion of mature  vir ions is e i ther  by b u d d i n g  into cytoplasmic vesicles 
or through the p lasma m e m b r a n e  into extracel lular  space, d e p e n d i n g  on the virus and  
the host-cell  type. 

Four viruses from crabs may be re la ted to the Rhabdoviridae.  Nucleocaps id  forma- 
t ion in  two of the larger  three is l ike that  of the Paramyxoviridae.  Areas of nucleocaps id  
formation were not seen with the third. All the crab viruses are ei ther  bacil l i form or oval, 
not  bul le t - shaped,  and  d iameter  of the small  virus is less than  that  of the smal ler  plant  
rhabdoviruses  accepted by the ICTV. Similar  small  viruses are found in plants  (Allen, 
1972) and  insects  (Morrissey & Edwards,  1977; Adams et a l ,  1980}. 

By chance,  extracel lular  part icles of an oval to bacil l iform virus were found associ- 
ated with the basal  l a m i n a  of b lue-crab,  Ca111nectes sapidus, mand ibu l a r  g lands  (errone- 
ously referred to in the paper  as the Y organ [ecdysial gland]) by Yudin  & Clark (1978}. 
Its discoverers cal led this virus EGV-1 (Ecdysial G l a nd  Virus-1). Johnson  (1983} redesig-  
na ted  it RhVB (Rhabdolike Virus B). The vir ion measures  50-70 × 100-170 nm, and  has 
surface project ions on the envelope.  The two infected crabs were  apparen t ly  normal,  and  
RhVB occurred with another  rhabdol ike  virus in  one of them. 

A second virus, EHV (Enveloped Hel ical  Virus), from the b lue  crab is s imilar  in 
shape to RhVB, but  larger (105 × 194-300 nm). This virus was compared to the 
Paramyxovir idae  by  Johnson  & Farley (1980). It buds  from the p lasma membrane ,  has 
surface project ions on the envelope,  and  mature  vir ions are extracellular  and often 
associated with the basa l  lamina.  Granu la r  v i rogenic  s tromata in  the cytoplasm contain 
s inuous  hel ical  nucleocapsids.  Virus was seen b u d d i n g  from hemocytes and hemopoie-  
t ic-t issue cells, and  was associated with the basa l  l a m i n a  of certain connect ive-t issue 
cells. EHV always occurred with other viruses and  its effect on the host is u n k n o w n  

(Johnson, 1983). 
The Y-organ virus of Carcinus maenas  develops l ike EHV, and  mature virions were 

located wi th in  and  benea th  the basa l  l amina  of infected Y-organs (Chassard-Bouchaud 
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& Hubert ,  1975; Chassard-Bouchaud et al., 1976). The virus is ovoid to elongate ,  70-90 
nm x 150-170 nm. It was found dur ing  EM inves t iga t ions  of Y-organs of crabs collected 
at Roscoff, France. Other t issues were not invest igated.  

The smallest  rhabdol ike  virus, RhVA (Rhabdolike Virus A), is from the b lue  crab and  
occurs in populat ions  from the Atlant ic  and  Gulf  coasts of North America.  Jahromi 
(1977), Johnson (1978), and  Yudin  & Clark (1978, 1979) found RhVA (des ignated  EGV-2 
---- Ecdysial Gland  Virus-2, by the latter authors, who confused the ecdysial  g l and  with 
the mand ibu l a r  gland) in  crabs stressed by cul ture  condit ions,  infections with other 
viruses, or eyestalk ablation,  respectively.  RhVA is ei ther  bacil l i form with rounded  ends  
and 20-30 x 110-170 nm, or flexuous, the same diameter ,  and  up to 600 n m  in  length.  It 
buds into the endoplasmic  re t iculum and, more rarely, buds  from the inner  nuc lea r  
membrane .  Johnson  (1978, 1983) found RhVA in m a n y  different tissues. It occurs 
regular ly  in  glial  cells of gang l i a  and  the larger  nerves,  and  is common in  hemocytes,  
connect ive tissues, and various ep i the l ia  except ing  those of gut  and  a n t e n n a l  gland.  It 
does not infect striated muscle,  and  apparen t ly  does not infect the Y-organ (Johnson, 
1983), but  it is found in  the m a n d i b u l a r  g land  (Yudin & Clark, 1978, 1979). In all cases 
invest igated with EM by Johnson  (1978, 1983), RhVA occurred in company  with one or 
more other viruses. Crabs infected with RLV (ReoLike Virus) a lways had  an  associated 
infection with RhVA, and  these two viruses were  together  responsib le  for the glial  
necrosis typical  of this mixed infection. 

P i c o r n a v i r i d a e  - c rabs ,  p a r a s i t i c  i s o p o d  

These small  cytoplasmic viruses infect mamma l s  and  insects, and  are usua l ly  host 
specific. Four and  possibly more p icorna l ike  viruses are found in  mar ine  crustaceans.  

Kuris et al. (1979) discovered a spherical,  25 nm, cytoplasmic virus wide ly  distri- 
buted in tissues of three spec imens  of a parasi t ic  isopod, Portunion conformis, and  also in  
tissues of the host crabs, Hemigrapsus oregonensis, t aken  from San Francisco Bay, 
California. Often, paracrystal l ine  arrays of virus, associated with fibrils, fi l led the 
cytoplasm of infected cells. Pre l iminary  physicochemical  s tudies  indica te  a close rela- 
t ionship to the Picornaviridae.  A reol ike virus occurred with the p icornal ike  virus but  in  
lesser numbers .  Al though the infected isopods appeared  grossly normal,  Kuris et al. 
{1979) note that  dead isopods have b e e n  found wi th in  their  hosts, and  suggest  that 
parasite mortali ty should be s tudied with respect to possible  viral  disease. 

A picornal ike virus of the b lue  crab, Callinectes sapidus, CBV {Chesapeake Bay 
Virus), is slightly angu la te  and  about  30 n m  in  diameter .  Like the isopod virus, part icles 
of CBV fill infected cells, somet imes in paracrys ta l l ine  array. The virions are associated 
with, and  often l ine up next  to, m e m b r a n e s  in  the cytoplasm. Infected cells often are 
hypertrophied. Viral inc lus ions  are Feu lgen  negat ive,  p resumpt ive  ev idence  that the 
virus contains RNA. CBV occurred in  a group of young  crabs collected from Chesapeake  
Bay, Maryland.  It caused fatal but  often pro longed disease wi th in  the group, which  was 
also infected with RLV, RhVA, and  EHV (Johnson, 1978, 1983). 

Two small  isometric viruses, 24 and  31 nm, respectively,  (F-N virus}, infect cyto- 
plasm of hemocytes and  connect ive- t i ssue  cells of Macropipus depurator(Bonami, 1976; 
Bergoin et al., 1982). These viruses, w h e n  separa ted  by gel diffusion and  in jec ted  into 
normal crabs, will  separately cause fatal disease. 
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A sponge,  Verongia cavernicola, infected with an adenol ike  virus, also had smaller  
(35 to 40 nm) par t ic les  in inclusions in the cytoplasm (Vacelet  & Galtissian, 1978), and in 

one case both the adeno l ike  virus and the v i rus l ike  cytoplasmic part icles were  found in 

the same cell.  The  cytoplasmic  par t ic les  were  associa ted  with membranes ,  and some- 
t imes in concentr ic  array. They were  la rger  than picornaviruses ,  which  are 22 to 30 nm, 

but  formation of arrays in associat ion with  m e m b r a n e s  is typical  of that group of viruses. 

V i r u s e s  of  u n c e r t a i n  a f f i n i t i e s  - s h r i m p  

Recent ly  a h ighly  le thal  d isease  of cu l tured  shr imp was  desc r ibed  by Lightner  et al. 

(1983a, c, d) and Bell & Lightner  (1983). The  syndrome was named  IHHN (Infectious 

Hypode r ma l  and Hematopo ie t i c  Necrosis) to descr ibe  the pr incipal  lesions found. IHHN 
caused  catas t rophic  mortal i t ies  in cul tured Penaeus  stylirostris, of Centra l  and South 

Amer i can  origin, that  were  be ing  rea red  in Hawaii .  IHHNV also infects another  Pacific 

shrimp, Penaeus  vannamei ,  and the Indo-Pacific shr imp Penaeus  monodon (Bell & 

Lightner,  1983; Lightner  et al., 1983c). It can be  t ransmit ted  by in jec t ion  of 0.45 ~m- 
f i l tered t issue suspensions,  p roving  its viral  nature. Tissues unde rgo ing  necrosis contain 

cells  that  have  hyper t roph ied  nucle i  with marg ina t ed  chromat in  and conspicuous 

eos inophi l ic  inclusions,  referred to by Lightner  et al. (1983c) as Cowdry  Type A 
inclusions (Fig. 4). 

Fig. 4. Gill tissue of Penaeus stflirostris infected with IHHNV. Arrow indicates a hypertrophied 
nucleus with a Cowdry Type A inclusion, 1650 X. (Photograph courtesy of D. V. Lightner) 

Three  particles,  des igna ted  types 1, 2 and 3, occur in cells of the necrotic areas 

(Lightner et al., 1983c). Type  1 par t ic les  are most  common.  They  are icosahedral ,  27 nm, 

and form small  aggrega tes  in the cytoplasm. Type 2 par t ic les  are rare, 17 nm, and occur 
in p rominen t  crystal l ine arrays wi th in  m e m b r a n e - b o u n d e d  cytoplasmic inclusions. 

Type  3 part icles  are 20 nm and found in associat ion with  apparen t  v i rogenic  stromata 
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wi th in  hype r t roph ied  nuclei .  These  nuc le i  r ep re sen t  the inc lus ion -con ta in ing  nuc le i  
seen  with the l ight  microscope.  Whe the r  al l  the  par t i c les  found r ep re sen t  events  in the  
deve lopmen t  of a s ing le  virus is not  ev ident .  L ightner  and  coworkers  no ted  s imi la r i t i e s  
wi th  both the cy top lasmic  RNA-con ta in ing  P icornav i r idae  and  the  D N A - c o n t a i n i n g  
Parvoviridae,  nuc lea r  v i ruses  whose  d e v e l o p m e n t  and  r ep l i ca t ion  are  a s soc ia t ed  wi th  
complex morpho log ica l  changes  in the  cytoplasm.  Fur ther ,  some parvov i ruses  r equ i re  
he lper  v i ruses  for m e a s u r a b l e  rep l i ca t ion  (Mat thews,  1982). 

Virus l ike  par t ic les ,  23 nm, were  found by  EM e x a m i n a t i o n  in f ixed p h a g o c y t e s  of a 
shrimp, Penaeus aztec"as, from the  Gulf  of Mex ico  (Foster  e t  al., 1981). A g g r e g a t i o n s  of 
par t ic les  were  seen  in three  phagocy t e s  and  in one case  they  were  pa r t i a l ly  enc losed  by  
a membrane .  Foster  et al. ra ise  the  poss ib i l i ty  that  the  a g g r e g a t e s  could  r ep re sen t  p h a g e  
wi th in  pa r t i a l ly  lysed  bacter ia ,  r icket ts iae ,  or ch l amyd iae .  If not phage ,  the  par t i c les  a re  
in the  size r ange  of p ico rna -  and  parvovi ruses .  

P a r t i c l e s  s u g g e s t i v e  of v i r u s  - b i v a l v e  m o l l u s k s  

Far ley  (1978) p ic tu red  ex t race l tu la r ,  50 nm, enve loped ,  v i rus l ike  pa r t i c l es  that  
appea r  to have  b u d d e d  from the  p l a s m a  m e m b r a n e  of Ostrea eduHs hemocytes .  On ly  one 
case was  recognized .  This  au thor  r e l a t ed  the  pa r t i c l es  to the  Togav i r idae ,  a g roup  of 
cytoplasmic,  s i ng l e - s t r anded  RNA viruses.  Hosts  of togav i ruses  are  ver tebra tes ,  b lood-  
sucking  ar thropods,  and  poss ib ly  plants .  M a n y  a r t h ropod -bo rne  v i ruses  b e l o n g  to this  
group.  

Budding  s t ructures  s t rongly  r e s e m b l i n g  C- type  pa r t i c l es  of the  Re t rov i r idae  we re  
seen in the d i g e s t i v e - g l a n d  ep i t he l i um of an  oyster,  Crassostrea virginica (Farley,  1978, 
1981). The re t roviruses  are  cytoplasmic ,  b u d  th rough  the p l a s m a  m e m b r a n e ,  and  conta in  
s ing le - s t r anded  RNA. They  infect  a b road  r ange  of mammal s ,  birds,  and  rept i les .  Most  
spec ies  a re  t r ansmi t t ed  as  a par t  of the  g e r m  plasm.  M a n y  of these  v i ruses  a re  oncogenic ,  
but  some do not cause  disease .  

Putat ive  C- type  par t ic les  were  also r epor t ed  by  O p r a n d y  et al. (1981) from clams,  
Mya arenaria from Rhode Island, wi th  h e m o p o i e t i c  neoplasms .  The  pa r t i c l es  were  
de t ec t ed  by  EM e x a m i n a t i o n  of n e g a t i v e l y - s t a i n e d  ma te r i a l  r ecove red  b y  dens i ty -  
g rad ien t  cen t r i fuga t ion  of h o m o g e n i z e d  who le  clams.  Non-neop la s t i c  c lams in j ec t ed  
with  the same ma te r i a l  had  a 31 to 46 % p r e v a l e n c e  of n e o p l a s i a  wi th in  2 to 5 months.  
Control groups  d id  not deve lop  neop las ia .  H e m o p o i e t i c  neop l a sms  are  enzoot ic  in 
species  of clams,  oysters,  and  musse l s  from m a n y  par ts  of the  world.  A l t h o u g h  the 
f indings  of O p r a n d y  et  al. (1981) a re  sugges t i ve  of a v i ra l  e t io logy,  an  a t t empt  to i so la te  
virus from neop las t i c  mussels ,  Mytilus edulis from Oregon,  was  not  successful  (Mix, 
1982). Li terature on hemopo ie t i c  neop l a sms  of b iva lve  mol lusks  is ex tens ive .  The 
condit ion was first r epor ted  by  Fa r l ey  (1969), and  in add i t i on  to the  c i ta t ions  a l r e a d y  
given, some of the  more  recent  p a p e r s  are:  Mix  et  at. (1979); Brown (1980); Ba loue t  et  al. 
(1982); Cooper  & C h a n g  (1982); Cooper  et  al. (1982a, b); and  Reinisch et  al. (1983). 

DISEASES CAUSED BY THE VIRUSES 

Little is k n o w n  abou t  the  pa thogen i c i t y  of v i ruses  in wi ld  popu la t i ons  of m a r i n e  
invertebrates,  or the  p l ace  of mul t ip le  viral  infec t ion  in d i sease  causat ion,  Host  r ange  has  
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b e e n  s t u d i e d  i n  o n l y  a f e w  cases .  S e v e r a l  of t h e  v i r u s e s  h a v e  b e e n  f o u n d  i n  s ick,  w i l d  

h o s t s ;  o t h e r s  w e r e  d i s c o v e r e d  i n  d i s e a s e d  c a p t i v e s  l i v i n g  in  l a b o r a t o r y  t a n k s  or  b e i n g  

r e a r e d  i n  a q u a c u l t u r e  f a c i l i t i e s  ( T a b l e  3). T h e r e  a r e  m a n y  i n d i c a t i o n s  t h a t  s t r e s s  is  a n  

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

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

o b s e r v a t i o n s  o n  b a c u l o v i r u s e s  a n d  I H H N V  i n  c u l t u r e d  p e n a e i d  s h r i m p  (Couch ,  1974a,  b, 

1981;  C o u c h  & C o u r t n e y ,  1977;  S a n o  e t  al., 1981;  Be l l  & L i g h t n e r ,  1983; L i g h t n e r  e t  al., 

1983a,  b,  c, d; B r o c k  e t  al,, 1983).  T h e s e  p a p e r s  i n c l u d e  s t u d i e s  o n  t h e  h i s t o p a t h o l o g y ,  

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

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

d i s e a s e .  T h e y  s h a l l  s e r v e  a s  m o d e l s  w i t h  w h i c h  to c o m p a r e  t h e  m o r e  s c a t t e r e d  i n f o r m a -  

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

D i s c u s s i o n  w i l l  b e  l i m i t e d  to  v i r u s e s  l i s t e d  i n  T a b l e  3. T h e r e  is i n s u f f i c i e n t  i n f o r m a -  

t i o n  a b o u t  d i s e a s e s  c a u s e d  b y  f ive  of t h e  v i r u s e s  l i s t e d  in  T a b l e  3 to w a r r a n t  d i s c u s s i o n  

Table  3. Viruses found in diseased mar ine  inver tebrates  

Virus Host Host status Strong Transmitted Reference 
(wild or association experimen- 
captive} of virus with tally 

disease 

Herpes l ike  (HLV) Crab W, C + + 
Herpes l ike  Oyster W, C + 
Baculovirus (BP) Shrimp W, C + 
Baculovirus (BMNV) Shrimp C + + 
Baculovirus (MBV) Shrimp C + 

Baculovirus, Crab ?W*, C + + 
hepa topancreas  

Iridovirus Octopus W, C + 
Iridovirus (NIV) Polychaete ?W*, C + + 

Iridovirus Oysters W ? 

Iridovirus 

Reolike (P virus) 
Reolike (gill virus) 
Reolike + Rhabdol ike  

(RLV + RhVA) 
Bunyal ike (S virus) 
Bunyal ike  (CHV) 
Picomal ike  (CBV) 
Picornal ike (F-N) 
Affinities u n k n o w n  

(IHHNV) 

Larval C ? 
oysters 

Crab W, C + + 
Crab ?W',  C + + 
Crab C + + 

Crab W, C + + 
Crab W + + 
Crab C + 
Crab ?W*, C + + 
Shrimp C + + 

* The original  report  does not make  the status of the diseased host clear 

Johnson  (1976a) 
Farley et al. (1972) 
Couch (1974) 
Sano et al. (1981) 
Lightner & Redman 

(1981) 
Pappalardo & Bonami 

(1979) 
Rungger  et aL (1971) 
Devauchel le  & 

Durchon (1973) 
Comps et al. (1976), 

Comps & Bonami 
(1977) 

Elston (1979) 

Vago (1966) 
Bonami (1976) 
Johnson  (1977) 

Bonami & Vago (1971) 
Bang (1971) 
Johnson  (1983) 
Bonami (1976) 
Lightner et al, (1983c) 
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beyond  that g iven earlier. These  viruses are: hepa topancrea t ic  baculovi rus  of Carcinus 
maenas, gill virus of C. mediterraneus, F-N virus of Macropipus depurator, herpes l ike  
virus from Crassostrea virginica, and  NIV of Nereis  diversicolor. 

B a c u l o v i r u s e s  of  s h r i m p .  All these viruses are usua l ly  conf ined to the 
hepatopancreat ic  epi thel ium,  but  in severe infections or in  larvae or young  postlarvae,  
depending  on the viral  species, the midgu t  ep i the l ium is also infected. They  have not 
been seen in  other tissues. The pa thogen ic  effect is progressive necrosis  of the 
epithelium, with s loughing  of infected cells into the l u m e n  of the gut. In severe cases, 
this leads to dysfunct ion of the hepa topancreas  and  death  of the host. Detai led informa- 
tion on changes  in infected cells at the ul t rastructural  level  is ava i lab le  for the three 
known  shrimp baculoviruses  (Couch, 1981; Sano et al., 1981; Lightner  et al., 1983b). 

The hepatopancreat ic  ep i the l ium is constant ly  r e ne w e d  by  stem cells in  the apices 
of the tubules,  and  recovery from these viruses is f inal ly  d e p e n d e n t  u p o n  the abi l i ty  of 
the host to repopulate  the hepa topancreas  with noninfec ted  cells. There is no indica t ion  
that hemocytes respond to the viruses themselves,  a l though hemocytes  wil l  encapsu la te  
necrotic hepatopancreat ic  tubules  (Lightner & Redman,  1981). Lightner  et al. (1983b) 
report one ins tance of apparen t  phagocytosis  of an  infected cell by  another  hepa topan-  
creatic cell, but  infi l t rat ion of the ep i the l ium of infected tubules  by hemocytes  in  
response to infect ion has not  b e e n  reported with any  of these baculoviruses.  

Patent infections of BP and  MBV can be ident i f ied with the l ight  microscope by 
presence of typical  te t rahedral  or spherical  occlusion bodies,  respectively,  in  fresh 
squashes of minced  hepatopancreas .  Final  d iagnosis  depends  on  f ind ing  great ly  hyper-  
trophied hepatopancreat ic  nucle i  with marg ina t ed  chromat in  in  t issue sections, together  
with occlusion bodies  in the case of BP and  MBV (Couch, 1974a, b; Sano et al., 1981; 
Lightner et al., 1983b). Grossly, the hepa topancreas  of BMNV-infected P. japonicus is 
opaque and white, and  postlarvae infected with BMNV and  MBV tend  to be smal ler  than  
normal  and  to grow more slowly (Sano et al., 1981; Lightner  et al., 1983b). 

Larval and  postlarval  stages of P. japonicas are most suscept ib le  to BMNV, and  BP 
causes greater  mortali ty in larvae than  in  later  stages of Amer ican  penae id s  (Sano et al., 
1981; Couch, 1978). Postlarvae, juveni les ,  and  adults  of P. monodon are a t tacked by 
MBV. Lightner & Redman (1981) and  Lightner  et al. (1983b) did not invest igate  larvae, 
but  note that a l though larval culture and  diseases of P. monodon have b e e n  wide ly  
studied, a disease s imilar  to MBV disease has not  b e e n  reported in  larvae (nor was it 
reported in later stages prior to the papers  by  Lightner  and  coworkers). 

The host range  of BP is broad; five species of commercia l  North and  South Amer ican  
Penaeus have b e e n  found infected (Couch, 1981; Lightner  et al., 1983b). MBV will  infect 
Penaeus merguiensis, but  pr inc ipal ly  causes disease in  P. monodon. MBV apparen t ly  
will not infect Penaeus stylirostris or Penaeus californiensis, the other species tested 
(Lightner & Redman, 1981). Host r ange  of BMNV has not  b e e n  studied.  

BMNV can be t ransmit ted  to postlarval  P. japonicus by feeding  of infected tissue or 
by adding semi-purif ied virus to the water  (Sano et al., 1981). P resumably  BMNV and the 
other viruses are natura l ly  t ransmit ted  horizontal ly  in  the same way. Mode of t ransmis-  
sion from brood stock to offspring is u n k n o w n .  

MBV in P. monodon becomes pa ten t  about  the 20th to 30th day of the postlarval  
stage, and in one epizootic cumula t ive  mortal i ty  was about  70 %. The epizootic s tudied  
ran its course in  210 days, bu t  moderate  infect ions were still present  at 233 days 
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(IAghtner et al., 1983b). Sano et al. (1981) r epor t ed  a cumula t ive  mor ta l i ty  of 98 % in 
P. japon icus  by the 20th pos t la rva l  day  dur ing  an  ep izoot ic  of BMN at a l a rva l - rea r ing  
faci l i ty  in Japan .  

G e o g r a p h i c  r a n g e  of the  th ree  v i ruses  is not  known.  BP occurs in the  Gulf  of Mexico  
and  p r o b a b l y  the  same  virus  has  b e e n  found at sh r imp cul ture  faci l i t ies  a long  the west  
coast  of South  and  Cent ra l  Amer i ca  (D. V. Lightner ,  pers.  communicat ion) .  Popula t ions  
of P. monodon  i n fec ted  wi th  MBV al l  came  o r ig ina l l y  from T a i w a n  or the  Phi l ippines ,  
bu t  this  sh r imp spec ies  has  a ve ry  w ide  d i s t r ibu t ion  in  the  Pacific and  Ind ian  Oceans,  
and  no th ing  is k n o w n  abou t  d i sease  in popu la t ions  from other  a reas  (Lightner  et al., 
1983b). BMNV has  b e e n  r epor t ed  only  from s h r i m p - r e a r i n g  faci l i t ies  in southern  Japan  
(Sano et  al., 1981). 

Stressors  e n h a n c e  p r eva l ence  and  sever i ty  of bacu lov i rus  infection.  C rowding  or 
exposu re  to sub le tha l  amounts  of PCBs (po lych lor ina ted  b ipheny l s )  inc reases  p r eva l ence  
of BP in A m e r i c a n  p e n a e i d s  (Couch, 1974b; Couch & Cour tney,  1977). Crowding ,  poor  
env i ronmen ta l  condi t ions ,  and  epizoot ics  of shel l  d isease ,  g e n e r a l i z e d  bac te r i a l  infec- 
tion, and  foul ing  o rgan i sms  increase  both  p r eva l e nc e  and  mor ta l i ty  in P. monodon 
i n fec ted  with  MBV (Lightner  et  al., 1983b). T rea tmen t  of af fec ted  P. monodon popu la -  
t ions wi th  ant ibiot ics ,  and  with  chemica l s  that  r educe  fouling,  ef fect ively  inc reases  the  
number s  of shr imp that  survive viral  infection.  

BMN is an  impor t an t  cause  of mor ta l i ty  in some l a rva l - r ea r ing  faci l i t ies  in southern  
Japan .  Epizoot ics  occur  alrnost  on a yea r ly  basis ,  a n d  can  resul t  in  such  severe  mor ta l i ty  
that  it  is imposs ib l e  for the  r ea r ing  faci l i ty  to supp ly  cul ture  farms wi th  pos t la rva l  shr imp 
(Sano et al., 1981). L ightner  et  al. (1983b) cons ider  that  MBV d i sease  can  cause  serious 
losses  in c o m p r o m i s e d  popula t ions ,  pa r t i cu la r ly  in  the  y o u n g e r  s tages .  Under  favorable  
cu l tu re  condi t ions  fewer  mor ta l i t i es  occur, and  on ly  low g r a d e  infect ions  wi th  MBV can 
be  de tec ted .  BP or a s imi la r  virus  causes  mor ta l i t i es  in l a rvae  and  pos t la rvae  of 
P. vanname i  in cu l ture  faci l i t ies  on the west  coast  of Cen t ra l  A me r i c a  and  Ecuador  (D. V. 
Lightner ,  pers.  communica t ion) .  

I H H N v i  r u s o f s h r i m p. Infect ious h y p o d e r m a l  and  hemopo ie t i c  necrosis,  
a l t hough  n e w l y  d iscovered ,  has  b e e n  ex tens ive ly  s tud ied  by  D. V. Lightner  and  cowork-  
ers  a t  the  Env i ronmen ta l  Research  Labora tory  (ERL), M a r i n e  Cul tu re  Fac i l i ty  (Univers i ty  
of Arizona),  Oahu,  Hawai i .  Because  the  H a w a i i a n  I s lands  suppor t  on ly  a smal l  offshore 
f ishery for Penaeus  marginatus,  all  shr imp spec ies  b e i n g  cu l tu red  at  the  ERL faci l i ty are 
impor ted .  Further ,  the  Sta te  of Hawa i i  requi res  that  s tock from new sources  undergo  
quaran t ine .  Therefore ,  v i ra l  d i s ea se s  found in ERL s tock can  be  cons ide red  exot ic  in 
origin.  IHHNV caused  d i sease  in three  spec ies  b e i n g  cu l tu red  at the  ERL facility. 
Penaeus  stylirostris, the  Pacific b lue  shrimp,  was  most  affected;  Penaeus  monodon,  the 
g i a n t  Indo-Paci f ic  t ige r  p rawn,  was  less  affected;  a n d  Penaeus  vannamei ,  the  Pacific 
whi t e  shr imp,  u sua l ly  h a d  i n a p p a r e n t  infect ions (Lightner  e t  al., 1983d). 

IHHNV at tacks  p r inc ipa l l y  t i ssues  of m e s o d e r m a l  and  ec tode rma l  origin,  but  it wi l l  
a lso infect  e n d o d e r m a l l y  d e r i v e d  t issues.  Necrot ic  t i ssues  conta in  hype r t roph i ed  nucle i  
wi th  m a r g i n a t e d  chromat in  and  eos inoph i l i c  C o w d r y  T y p e  A inc lus ions  (Fig. 4). Light-  
n e t  et  al. (1983a) r e c o m m e n d  use of an  acet ic  a c id - c on t a in ing  f ixat ive for bes t  demon-  
s t ra t ion of the  Cowdry  Type  A inclusions.  The  g e n e r a l  ep ide rmi s  and  hemopo ie t i c  t issue 
are  e spec i a l l y  p rone  to infect ion and  necros is  (Lightner  et  al., 1983c). IHHNV rare ly  
causes  les ions  d i sce rn ib l e  by  l igh t  mic roscopy  in the  midgut ,  i ts  ceca,  or the  he pa topa n -  



Viral diseases 83 

creas, bu t  typical  IHHN Cowdry Type A inc lus ions  have b e e n  observed in  hepa topan-  
creatic epi thel ia l  cells of exper imenta l ly  exposed P. stylirostris (D. V. Lightner,  pers. 
communication).  Bell & Lightner  (1983) found that gill  epi thel ia  and  the ventral  nerve 
cord of P. stylirostris were s ignif icant ly  more severely infected than  the same tissues of 
P. vannamei. Infection rates in other t issues of the two species were similar, but  there 
was a suggest ion that the antermal  g l and  of vannamei  was more heavi ly  infected than  
that of stylirostris. 

Hemocytic react ion to presence  of necrotic tissue, and  perhaps  to presence  of virus, 
occurs in IHHN; melan iza t ion  and  nodule  formation take place also. Fixed phagocytes  
(probably main ly  in  the heart) and  nephrocytes  of the gill  and  other areas conta in  large 
cytoplasmic inclusions in  recovering animals .  Apparen t ly  recovery depends  in  part  on 
the abi l i ty  of the shrimp to sequester  and  make  innocuous  the necrotic v i rus -con ta in ing  
tissues and  d isseminated  necrotic mater ia l  that  might  or might  not conta in  active virus. 
Stem ceils of the hemopoie t ic  t issue undergo  rapid divis ion dur ing  recovery, thus 
augmen t ing  their deple ted  number s  and  rep lac ing  hemocytes  destroyed by the virus and  
used up in defense reactions. 

Grossly, severely infected shrimp have focal me lan ized  areas in and  unde r  the gill  
ep i the l ium and  genera l  epidermis.  Abdomina l  muscu la tu re  is often whi te  a nd  opaque.  
The cuticle is soft, apparen t ly  because  premol t  an imals  are u n a b l e  to complete  the 
molt ing process, or if they do, are u n a b l e  to progress past  the early postmolt  stage 
(Lightner et al., 1983a). Behavior also differs from normal.  Acutely infected P. stylirostris 
rise slowly to the surface, roll over w h e n  nea r  or at the surface, then  cease m o v e m e n t  of 
the appendages  and s ink slowly to the bottom. This process is repeated  unt i l  they die, 
usual ly  wi th in  4 to 12 h. Infected P. vannamei  do not  exhibi t  this behavior.  Bell & 
Lightner (1983) be l ieve  the lessened  necrosis of the gil l  ep i the l ium and  vent ra l  nerve  
cord in  vannamel,  which would  indica te  bet ter  respira t ion and  nervous  control, is the 
probable reason for lack of that  behaviora l  sign. 

All the gross signs exhibi ted  by infected shrimp, with the probable  except ion of the 
"roll ing" behavior  of P. stylirostris, can be seen in other diseases. Diagnosis  of IHHN 
depends  on f inding  Cowdry Type A inc lus ions  in  t issue sections (Lightner et al., 1983a). 
If populat ions  suspected of be ing  infected are m a i n t a i n e d  unde r  crowded condit ions,  
prevalence  and  severity of infect ion are enhanced ,  m a k i n g  diagnosis  easier. Because 
vannamei  usual ly  has i nappa ren t  infections, the fol lowing bioassay is useful  for demon-  
strating IHHNV in a popula t ion  of that species. P. stylirostris of an  appropria te  size and  
from a popula t ion  known  to be free of IHHN are ei ther  p laced  together  with the group of 
P. vannamei  or tissues from the vannamei  are fed to the group of styllrostris. If IHHNV is 
present  in  the group of vannamei,  readi ly  d iagnosab le  disease occurs in  the stylirostris 
within 10 days (Lightner et al., 1983a). 

Juveni les  of P. stylirostris are the pr imary  vict ims of IHHN. Size and  weight  are more 
important than age for disease induct ion,  and  IHHN usua l ly  appears  in  shr imp we igh ing  
from 0.05 to 1.00 g. If members  of a popula t ion  of stylirostris imported as postlarvae 
surpass, on an average, the weight  of 2 g without  u n d e r g o i n g  not iceable  mortal i ty or 
showing signs of IHHN, the popula t ion  can be cons idered  free of the disease.  Because 
postlarvae of stylirostris newly  in t roduced  into the ERL facili ty d id  not  show signs of 
IHHN, and  epizootics are apparen t ly  in i t ia ted  only after a cer ta in  amoun t  of growth and  
maturation has occurred, it is possible that infect ions are usua l ly  i nappa ren t  in  the 
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younge r  stages, even  though infect ion must  occur at a very early age, or t ransovarial ly 
(Bell & Lightner,  1983; Lightner  et al., 1983a, d). 

Sixteen popula t ions  of P. stylirostris, received as postlarvae in Hawai i  from brood 
stock or ig ina t ing  in  Centra l  and  South America,  u n d e r w e n t  lethal  epizootics of IHHN, 
with cumula t ive  mortal i t ies  typical ly  exceed ing  80 to 90 % (Lightner et al., 1983c). A 
popula t ion  of P. rnonodon exposed to infected styl irostr isas  adul ts  contracted IHHN, and  
IHHN was d iagnosed  as cause of death  in  other IHHNV-exposed P. monodon from the 
facility that u n d e r w e n t  steady, bu t  not  marked,  mortal i ty  over a per iod of several  months 
(Lightner et al., 1983c). P. v a n n a m e i  received as post larvae from Central  and South 
America  and  reared at the t ime of the IHHN epizootics also were infected with IHHNV. 
These  popula t ions  u n d e r w e n t  chronic low mortality, a nd  a l though lesions in mor ibund  
shrimp were  typical  of IHHN, Cowdry Type A nuc lea r  inc lus ions  were seldom present  
(Bell & Lightner,  1983). 

IHHNV can be t ransmit ted  by in jec t ion  of suspens ions  of infected tissues or semi- 
purif ied virus, per  os, by direct contact  with k n o w n  infected shrimp, and  by indirect  
contact through water  (Lightner et al., 1983d). In na ture  t ransmiss ion probably  occurs per 
os and  by contact with v i rus -con ta in ing  water  or substrate.  It was men t ioned  earl ier  that 
the ep i the l ium of the a n t e n n a l  g land  is infected (Bell & Lightner, 1983). Virus, if 
s loughed  with necrotic epi thel ia l  cells into the l u m e n  of the gland,  would  eventua l ly  exit 
via the excretory pores, and  t ransmiss ion from l iv ing shr imp could be effected by this 
route. Because the hepa topancreas  is infected, virus probably  also exits via the feces. 
There  is also the possibi l i ty  that virus might  pass through the cuticle of infected fore- and 
hindgut ,  or be shed into the gut  l u m e n  in these areas by mol t ing  shrimp (D. V. Lightner, 
pers. communicat ion) .  In the groups of shr imp studied, t ransmiss ion from parents  to 
offspring had occurred before sh ipment  of post larvae to Hawai i  (Lightner et al., 1983c). 
Whether  this t ransmiss ion was truly vertical, or through external  con tamina t ion  of ova 
and  larvae, is not known.  

Epizootics of IHHN are explosive and  relat ively brief. The mortali ty rate diminishes  
marked ly  about  the 20th day after the first mortal i t ies occur. Dur ing  the final stages of an 
epizootic, surv iv ing  shr imp are lethargic,  feed poorly, exhibi t  poor growth and  poor 
resis tance to stress. There is a t endency  for severe surface fouling. Numerous  melan ized  
areas and  nodules  can be observed grossly in the tissues. 

P. stylirostris and  P. v a n n a m e i  are na t ive  to the Pacific coast from Mexico to Peru. 
IHHNV has b e e n  detected histological ly in tissue samples  from stylirostris from culture 
facilities in  Tahiti ,  Ecuador, Israel, and  the C a y m a n  Islands. IHHNV was found in  tissues 
of P. vanname i  from the C a y m a n  Islands and  in  P. monodon  from Ecuador, Guam, Tahiti, 
and  the Phi l ippines.  Infected popula t ions  of stylirostris at the ERL facility came from 
Ecuador, Florida (Panaman ian -de r ived  brood stock), and  Costa Rica. Infected P. van- 
n a m e i  popula t ions  presen t  in  the H a w a i i a n  facility at the t ime of the epizootics were 
from Ecuador, Honduras ,  and  Costa Rica. IHHN did not occur in one stylirostris popula-  
t ion der ived from Mexican  brood stock (originally from Panama)  ma in t a ined  in quaran-  
t ine  at the Univers i ty  of Arizona 's  Sonora, Mexico facili ty (Bell & Lightner, 1983; 
Lightner  et al., 1983d). These authors  suggest  that  species l ike P. vannamei ,  which 
usua l ly  have i nappa ren t  infections, might  act as carriers to suscept ible  species, such as 
stylirostris and  monodon,  b e i n g  reared in  the same cul ture facility. Lightner  and  
coworkers point  out that the danger  goes beyond  the catastrophic epizootics that can 
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occur in  stylirostris. There is potent ia l  for spread of unde tec ted  virus to shr imp cul ture 
facilities throughout  the world, and  it is not  known  whether  IHHNV wil l  infect species of 
penaeids  other than the three studied. 

H L V i n t h e b 1 u e c r a b. The herpes l ike  virus of Callinectes sapidus was first 
found in mor ibund  juven i le  and  mature  wild crabs from Chinco teague  Bay, Virginia,  
and later in small  juven i le  crabs, both wild and  captive, from Assawoman  Bay, Delaware  
(Johnson, 1976a, 1978). Prevalence  in  a na tura l  popula t ion  of j uven i l e  b lue  crabs can be 
13 % (Johnson, 1983). Infected crabs appear  normal  un t i l  shortly before death, w h e n  
they become inact ive and  cease feeding.  Hemolymph  wi thd rawn  from te rmina l ly  
infected crabs is an opaque,  chalky whi te  and  has lost the capacity to gel. Crabs in jec ted  
with hemolymph from mor ibund  HLV-infected crabs die in 30 to 40 days (Johnson, 
1978), but  na tura l  infections may  take  much  longer  before caus ing  death. Moderate  to 
heavy HLV infections were found in  juven i l e  crabs that  had b e e n  kept  in  the laboratory 
for 50 days in separate containers  with separate  water  supplies,  showing  that virus was 
present  before capture (P. T. Johnson,  u n p u b l i s h e d  data). HLV caused an  epizootic with 
a high mortali ty rate in juven i le  crabs held  in  separate  containers  but  with a common 
water supply, ind ica t ing  that HLV disease is h igh ly  infect ious by  the water  route (N. C. 
Biddle, pers. communicat ion) .  

Some HLV-infected crabs are also infected with RhVA, inc lud ing  infect ion of the 
same cell, and an unusua l ly  heavy infect ion with Baculo-A (of the hepatopancreas)  was 
found in one HLV-infected crab (P. T. Johnson,  u n p u b l i s h e d  data). 

HLV infects hemocytes  and  occasional ly is found in  hemopoiet ic  cells, and  probably  
in connect ive- t issue cells and  epi thel ia l  cells of the gill. Infected nuc le i  are great ly  
hypertrophied and  ei ther  contain Feulgen-pos i t ive  granules  or are homogeneous  a nd  
faintly to deeply  Feu lgen  positive. Infected nucle i  may conta in  large Feu lgen -nega t i ve  
inclusions, and similar  inclus ions  regular ly  occur in  the cytoplasm. The cytoplasm of 
severely infected cells is reduced to a th in  rim, and  release of virus is by lysis of the 
nucleus.  Hemolymph of a te rmina l ly  infected crab is fi l led with free virus and  g ranu la r  
material  apparen t ly  der ived from the b r e a k i n g  up  of the cytoplasmic a nd  nuc lea r  
inclusions. Fixed phagocytes  interst i t ial  in  the hepa topancreas  are greatly swollen, filled 
with a homogeneous ,  sl ightly Feulgen-pos i t ive  material ,  and  are often necrotic. EM 
examinat ion  shows that the homogeneous  mater ia l  is a mixture  of viral  part icles and  
granular  mater ial  p robably  or ig ina t ing  from the hemolymph.  Whether  HLV-infected 
crabs ever recover is unknown .  Death probably  occurs because  of hemocyte  dysfunct ion 
and loss. 

Final  diagnosis  of HLV disease depends  on f ind ing  typical  infected cells in paraffin- 
embedded  tissue sections, bu t  reasonably  firm diagnosis  of t e rmina l  infect ions can be 
made on the basis of the hemolymph  be ing  chalky whi te  and  non-ge l l ing .  

D i s e a s e s  o f  c r a b s  c a u s e d  b y  r e o l i k e  v i r u s e s .  The P virus of Mac- 
ropipus depurator from the French Med i t e r r anean  coast is usua l ly  associated with the S 
virus, and lesions produced in  doubly  infected crabs might  be  due to both viruses. 
External signs of disease appear  to be  the same whether  crabs have s ingle  or double  
infections. Natural  disease and  disease exper imenta l ly  i nduced  by in jec t ion of pur i f ied 
virus are characterized by increas ing  paralysis  (Bonami, 1973; Bonami et al., 1976). 
Naturally infected crabs also exhibi t  b r o w n i n g  of the exosketeton and  lack of molt  
(Vago, 1966), signs not seen in exper imenta l  infect ion because  death comes so rapidly. 
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On in jec t ion  of pur i f ied virus, 60 % of the crabs have  t r embl ing  of the l imbs within  6 

days, fo l lowed by genera l  paralysis  and a mortal i ty  of 70 to 80 % in 9 days (Bonami et al., 

1976). In expe r imen ta l ly  infected crabs the hema l  spaces  of the hepa topancreas  are 
obl i tera ted  by necrot ic  connec t ive- t i s sue  cells  conta in ing  paracrystal l ine,  angula te  

arrays of virus that  are vis ible  wi th  the l ight  microscope.  Hemocytes  and connect ive  
t issues of the gill  and sur rounding  the gut are also infected.  Blood-vessel  endothe l ia  are 

infected,  as shown by an e lec t ron mic rograph  in Bonami et al. (1976). Other  tissues and 

organs,  inc lud ing  espec ia l ly  hemopoie t i c  t issue and nervous  tissue, apparent ly  were  not 
inves t iga ted  by these  authors. Diseased  crabs wi th  P-virus infect ions were  found in the 

natural  envi ronment ,  but  there  is no informat ion on p reva l ence  in wi ld  populations.  

Gross signs of RLV + RhVA infect ion in Callinectes sapidus closely resemble  those 

caused  by P virus in M. depurator; addi t ional ly ,  w i thd rawn  h e m o l y m p h  will  not gel.  RLV 
+ RhVA, often in the  same cell  (Fig. 5), infect  and cause necrosis  of many  mesoderrnal ly  

and ec todermal ly  der ived  tissues, par t icular ly  hemopoie t i c  tissue, hemocytes,  

endo the l i a  of b lood vessels,  epidermis ,  and gl ia  of the central  nervous  system. Paralysis 
occurs due to destruct ion of the gl ia  (Fig. 6), and dea th  is probably  due to the combined  
effects of g l ia l  necrosis  and mass ive  loss of hemocytes .  Inject ion of infected h e m o l y m p h  

into normal  crabs can cause  death  in 3 days; f eed ing  of infected tissues results in death 

in 12 to 35 days (Johnson, 1977, 1983). 
The or iginal  group of crabs infected with  RLV + RhVA were  juveni les  from 

Fig. 5. Electron micrograph of RLV in the cytoplasm, and RhVA in the endoplasmic reticulum, of a 
single cell from Callinectes sapidus. The sinuous strands (arrow) are associated with development 

of RLV. A = RLV, B = RhVA, 27,720 X 
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Fig. 6. Neuroglia of virus-infected Callinectes sapidus. A: Cross section of large nerves in an RLV + 
RhVA-infected crab; hemocytes are present in the necrotic glial areas, B: Longitudinal section of 
similar nerves in a CBV-infected crab; the glia are normal. G = glia, alcian blue-nuclear fast red 

stained, bar = 20 ~m 

Chinco teague  Bay, Virginia.  The  crabs b e g a n  dying  14 days after col lect ion from the 
wild, and the last crab died on the 35th laboratory day. Many  expe r imen ta l ly  and 

natural ly infected crabs had one  or more  other  viruses:  Baculo-A, Baculo-B, and EHV. 
However ,  gross signs of d isease  and major  lesions in the t issues were  s imilar  in all  these 
crabs. RLV + RhVA have  b e e n  found repea ted ly  in crabs col lec ted  from C h e s a p e a k e  
and Chinco teague  Bays, Mary land  and Virginia,  but  r ecogn izab le  gross signs occur only 

after several  days in the laboratory. This pe rhaps  is because  crabs whose  d isease  has 
progressed to the paralyt ic  s tage  are rapidly  r emove d  by predators,  inc lud ing  other  b lue  

crabs, and thus are not readi ly  ava i lab le  for capture.  

Effective hemocyt ic  response  to RLV + RhVA does not occur. Fixed phagocy tes  take 
up virus, but  are often hyper t roph ied  and necrotic.  Granulocyt ic  hemocytes  invade  

infected hemopoie t ic  tissue, but  perhaps  in response  to necrot ic  t issue ra ther  than to 

virus. Since the two viruses infect hemocytes ,  these  cells cannot  produce  effect ive 

cellular react ion to them. However ,  all crabs are not k i l l ed  by expe r imen ta l ly  inocu la ted  
virus, and mechan isms  that  migh t  lead to recovery  or refractoriness  to infect ion have  not 

been invest igated.  Particularly, crabs have  not b e e n  e x a m i n e d  dur ing  p repa ten t  s tages 

of exper imenta l  infection. 
The characterist ic paralysis  and non-ge l l i ng  h e m o l y m p h  are p resumpt ive  signs of 
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d i sease  due  to RLV + RhVA, bu t  f inal  d i agnos i s  d e p e n d s  on a combina t ion  of l ight  
mic roscopy  a n d  EM. If angu la t e ,  basophi l ic ,  F e u l g e n - n e g a t i v e ,  cy top lasmic  inc lus ions  
are  p resen t  in hemocy te s  and  hemopo ie t i c  t issue,  l ight  microscopy is sufficient for 
d iagnos is .  Other  v i ruses  (and somet imes  RLV) can  p r o d u c e  s imi la r  but  rounded  cytoplas-  
mic inclusions .  In these  cases,  EM e x a m i n a t i o n  is necessa ry  for d iagnosis .  

D i s e a s e s  o f  c r a b s  c a u s e d  b y  b u n y a l i k e  v i r u s e s .  The  S virus  of 
Macroplpus depurator is u sua l ly  a s soc ia t ed  wi th  the  P virus  in na tu ra l  infections,  but  
s ing le  infect ions  do occur  in na ture  (Bonami & Vago,  1971}. W h e n  pur i f ied  virus is 
i n j ec t ed  into no rma l  crabs,  it  causes  70 to 80 % mor ta l i ty  in 15 to 20 days.  Infected 
an ima l s  b e c o m e  w e a k  b y  10 days,  and  the  only  ou tward  s ign  is inc reas ing  weakness .  
H e m o c y t e s  a re  in fec ted  b y  S virus. They  b e c o m e  va c uo l a t e d  and  have  only  l imi ted  
p s e u d o p o d i a l  extens ion.  Ca rd i ac  t i ssue  of an  unspec i f i ed  type  is also in fec ted  (Bonami et 
al., 1971~ Bergoin  et  al., 1982}. 

CHV of Carclnus maenas was i so la ted  from a s ing le  wi ld  crab co l lec ted  at Roscoff, 
France,  and  al l  in format ion  on CHV d i sease  is b a s e d  on e x p e r i m e n t a l  infections.  CHV 
a p p a r e n t l y  occurs  on ly  in hemocytes ,  e spec i a l l y  granulocytes ,  and  p roduces  a defec t  in 
a g g r e g a t i o n  of hemocytes .  Hemocy te s  from normal  crabs i m m e d i a t e l y  b e g i n  to form 
la rge  a g g r e g a t i o n s  in w i t h d r a w n  hemolymph .  (The l iqu id  p h a s e  of Carcinus h e m o l y m p h  
gels  s lowly  and  incompletely .}  Hemocy te s  from CHV-infec ted  crabs never  form large  
a g g r e g a t i o n s  and  often do not  contact  each  other  at al l  {Bang, 1971; Hoover  & Bang, 
1976; Hoover ,  1977; Bang,  1983}. L imi ted  a g g r e g a t i o n  is a p p a r e n t l y  d e p e n d e n t  on the 
smal l  n u m b e r  of c i rcu la t ing  hemocy te s  ava i l ab le ,  and  Hoover  {1977} found numerous  
s ta t ionary  a g g r e g a t i o n s  of hemocy te s  in the  h e m a l  s inuses  of sec t ioned  tissues. She 
pos tu l a t ed  that  infect ion p r o d u c e d  i nc r ea sed  adhes iveness ,  wh ich  caused  hemocytes  to 
s t ick to each  o ther  and  to the  wa l l s  of the  h e m a l  s inuses,  thus  d r o p p i n g  from the 
c i rculat ion.  Bang {1983} s u g g e s t e d  that  abno rma l i t i e s  of the  cel ls  t hemse lves  may  be  
pa r t i a l l y  r e spons ib l e  for l ack  of agg rega t ion ,  a l though  they  a p p e a r  to ex tend  
p s e u d o p o d i a  l ike  no rma l  cells .  A l though  virus  has  not  b e e n  seen  in gona da l  cells,  
Hoover  r epor t ed  that  d e g e n e r a t i o n  and  hemocy t i c  inf i l t ra t ion occur in ovar ies  of infected 
females .  M a n y  of the  inf i l t ra t ing  hemocy tes  a re  in fec ted  wi th  virus. CHV usua l ly  does  
not  cause  death ,  and  crabs  r e g a i n  c lot t ing ab i l i ty  in 5 to 10 days,  but  virus is stil l  p resen t  
in  some of these  an ima l s  {Bang, 1971, 1974}. Di lu t ion  of h e m o l y m p h  t a k e n  ear ly  in 
infect ion inc reases  the  t ime before  an  in jec ted  crab shows l ack  of c lot t ing abil i ty.  The 
s i tua t ion  is r eve r sed  in l a t e r  infect ion,  wh ich  s u g g e s t e d  to Bang  {1974, 1983) that  
au to in te r f e rence  or an  in te r fe ron l ike  subs tance  migh t  be  respons ib le .  

C B V i n b 1 u e c r a b s, This  p i co rna l ike  virus  was  d i scove red  in a capt ive  group 
of abou t  200 j u v e n i l e  b l u e  crabs  t a k e n  from C h e s a p e a k e  Bay. It has  not  b e e n  de tec ted  in 
wi ld  crabs  {Johnson, 1978, 1983}. Typica l ly ,  CBV infect ion is focal. Tissues  of ec todermal  
and  m e s o d e r m a l  or ig in  are  a t t acked .  Puta t ive  neurosec re to ry  cells,  o ther  types  of nerve 
cells,  the  re t ina ,  e p i t h e l i a  of fore- and  h indguts ,  b l a d d e r  and  gi l l  ep i the l ia ,  and  the 
g e n e r a l  ep ide rmi s  are  commonly  infected.  H e m o c y t e s  and  hemopo ie t i c  t issue are  less 
of ten a t t acked ,  and  g l i a  of the  ne rvous  system, muscle ,  and  the m i d g u t  ep i the l i a  are  not 
a f fec ted  {Fig. 6). In fec ted  cel ls  a re  u sua l ly  h y p e r t r o p h i e d  and  the  cy top lasm is f i l led wi th  
F e u l g e n - n e g a t i v e  h o m o g e n e o u s  m a t e r i a l  cons i s t ing  a lmost  en t i re ly  of virus {Fig. 7). 
A l though  infect ion is often focal, the  gi l l  e p i t h e l i u m  m a y  be  a lmost  comple te ly  infected,  
and  des t ruc t ion  of the  en t i re  re t ina  is common.  
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Fig. 7. Gill lamel lae  of a CBV-infected Callinectes sapidus. Middle  lamel la  is normal.  Epi thel ia l  
ceils of the upper  and lower lamel lae  are hyper t rophied  and  heavi ly  infected with virus (arrows). 

Alcian b lue-nuclear  fast red stained, bar  = 20 pm 

A b n o r m a l  b e h a v i o r  is e x h i b i t e d  b y  i n f e c t e d  c rabs .  T h e y  m a y  a s s u m e  a h e a d - d o w n  

pos i t ion ,  s w i m  in  a d i s o r i e n t e d  f a s h i o n ,  a n d  p e r f o r m  e r r a t i c  m o v e m e n t s .  B l i n d n e s s  is 

c o m m o n .  T h e s e  s i g n s  m a y  b e  p r e s e n t  for a m o n t h  b e f o r e  d e a t h ,  a n d  e n t i r e  c o u r s e  of t h e  

d i s e a s e  t a k e s  u p  to 2 m o n t h s .  B e c a u s e  t i s s u e s  a t t a c k e d  d i f f e r  a m o n g  c rabs ,  a n d  i n f e c t i o n  

t e n d s  to b e  focal ,  p r o l o n g e d  d i s e a s e  m a y  b e  d u e  to v i t a l  c e n t e r s  n o t  b e i n g  d e s t r o y e d  u n t i l  

l a t e  in  d i s e a s e .  D e a t h  m a y  b e  d u e  to r e s p i r a t o r y  i n s u f f i c i e n c y ,  or  d e s t r u c t i o n  of v i t a l  

n e r v o u s  c e n t e r s  a n d  n e u r o s e c r e t o r y  cel ls .  

Hos t  r e s p o n s e  to C B V  i n f e c t i o n  s e e m s  to b e  l a c k i n g  e x c e p t  t h a t  p o d o c y t e s  of t h e  g i l l  

a n d  a n t e n n a l  g l a n d  c o n t a i n  d e n s e  F e u l g e n - n e g a t i v e  i n c l u s i o n s  t h a t  m i g h t  b e  d u e  to 

u p t a k e  of v i r u s  or p r o d u c t s  of v i r a l  i n f e c t i o n .  V i s u a l  e v i d e n c e  of i n t a c t  v i r u s  w i t h i n  t h e  

p o d o c y t e s  w a s  l a c k i n g ,  b u t  i n s u f f i c i e n t  m a t e r i a l  h a s  b e e n  e x a m i n e d  w i t h  E M  to a l l o w  a 

d e f i n i t e  s t a t e m e n t  to t h i s  e f fec t  (P. T. J o h n s o n ,  u n p u b l i s h e d  da ta ) .  

P r e l i m i n a r y  d i a g n o s i s  of C B V  d i s e a s e  c a n  b e  m a d e  o n  t h e  b a s i s  of b e h a v i o r a l  s i g n s  

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

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

EM.  

O c t o p u s i r i d o v i r u s d i s e a s e. R u n g g e r  e t  al.  (1971) e s t i m a t e  t h a t  a t  t h e  t i m e  

of t h e i r  r e s e a r c h  u p  to 8.4 % of t h e  Octopus vulgarispopulation of t h e  B a y  of N a p l e s  m a y  

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

fa ta l ly .  G r o s s  s i g n s  a r e  p r e s e n c e  of s u b d e r m a l  e d e m a t o u s  t u m o r s ,  f i r s t  s e e n  i n  t e n t a c l e s  

a n d  t h e n  i n  t h e  v e n t r a l  p a r t s  of t h e  m a n t l e  a n d  i n  t h e  s i p h o n .  W h e n  f i rs t  v i s i b l e ,  t u m o r s  

a re  a b o u t  1 m m  d i a m e t e r ,  b u t  m a y  m e a s u r e  5 to  10 m m  i n  a d v a n c e d  cases .  T u m o r s  l i e  

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

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

t he  a n i m a l  b e c o m e s  s l u g g i s h  a n d  m a y  r e f u s e  to f eed ,  l e a d i n g  to d e a t h  b y  s t a r v a t i o n .  

M o r e  of ten ,  t h e  o c t o p u s  e a t s  a w a y  a f f e c t e d  pa r t s ,  i n c l u d i n g  w h o l e  t e n t a c l e s  a n d  s o m e -  
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t imes the ventra l  part of the mant le .  Rungger  and  coworkers assume death is due to 
ei ther  or both self mut i l a t ion  and  viral infection. Disease is chronic and  its course from 
first appearance  of the tumors to death was es t imated to be 3 to 5 months in captive 
animals .  

I r i d o l i k e  v i r u s e s  i n  d i s e a s e d  o y s t e r s .  The adult  and  larval oysters 
found infected with ir idolike viruses came from popula t ions  that were suffering mor- 
talities, bu t  the place of the viruses in  total pa thogenes is  is still uncer ta in .  The first 
reports of i r idol ike-virus infection, by Comps et al. (1976) and  Comps & Duthoit  (1976), 
concerned  Por tuguese  oysters, Crassostrea angulata. During 1966-1969 serious mor- 
tali t ies occurred a long the Atlantic coast of France due to "gill  disease",  which was 
tenta t ively  a t t r ibuted  to infect ion by a puta t ive  protist thought  to be  related to Labyrin- 
thulales,  and  n a m e d  Thanatostrea polymorpha (Franc & Arvy, 1969). These epizootics 
were followed by devas ta t ing  mortali t ies in  1970-1973. Culture of C. angulata collapsed, 
due  to the two epizootics, and  this species was replaced by imported Japanese  oysters, 
Crassostrea gigas, which appeared  to be resis tant  to "gill  disease".  

The epizootics of "'9ill disease" involved necrosis of gills and palps, but  9ross signs 
associated with sick oysters in  the mortal i t ies of 1970-1973 were apparent ly  lacking. 
Sick oysters were mere ly  noted as be ing  weak.  EM study of gills from oysters suffering 
from "gil l  d isease"  revealed  ir idolike virus in  inc lus ions  in  g iant  cells in  the necrotic 
areas (Comps & Duthoit, 1976). These authors noted  similari t ies to the lesions in fish 
caused  by  lymphocyst is  virus. Comps et al. (1976) s tudied mater ia l  from the 1970-1973 
epizootics. Ir idolike virus was present  in  abnormal  cells with fuchsinophil ic  inclusions, 
that occurred throughout  the oysters, and  appeared  to be hemocytes.  These cells were 
regular ly  seen  in  oysters collected dur ing  the course of the epizootics. By size and 
deve lopmenta l  characteristics, the virus is very s imilar  to the one found in  oysters with 
"gill  disease",  bu t  it must  be  remarked  that the cells a t tacked appear  to be  different, 
based on the informat ion g iven  in  the papers  by Comps & Duthoit  (1976) and  Comps et 
al. (1976}. The latter authors be l ieve  the ir idolike virus was the cause of the 1970-1973 
epizootics, but  that a parasi t ic  et iology of the earl ier  "gill  disease" epizootics has not 
b e e n  ruled out. 

In 1977 mortal i t ies  occurred in  cer ta in  popula t ions  of Crassostrea gigas imported 
earl ier  to replace C. angulata. An ir idolike virus was found in connect ive- t i ssue  cells of 
dyin  9 oysters (Comps & Bonami, 1977). Al though slightly larger  than  vir ions found in  C. 
angulata collected dur ing  the "gill  disease" of 1966-1969 and  the 1970-1973 epizootics, 
all  the viruses are s imilar  in  deve lopment  and  morphology. Comps & Bonami concluded 
that these viruses probably  are all the same species. They  further noted that the 
p resumed  resistance of C. gigas to the ir idolike virus or ig inal ly  found in C. angulata 
needs  to be  reassessed. 

A smal ler  i r idol ike virus has b e e n  found in  larvae of C. gigas. In 1978, Leibovitz et 
al. descr ibed his topathology and  course of mortal i t ies they s tudied over a 3-year period 
in  larvae of C. gigas be ing  reared in a hatchery in  the State of Washington.  A similar 
condi t ion  was found in  larvae at three other Wash ing ton  State hatcheries,  and  in wild 
larvae collected up to 400 shorel ine  miles  dis tant  from the pr imary study site. The 
condi t ion  involved  progressive velar  necrosis associated with minu te  zoosporelike 
bodies,  which  increased  in  n u m b e r  with increased necrosis of the velum. Many spherical 
bodies,  r e sembl ing  fungus,  appeared  in the stomach, a nd  these, together with copious 
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mucus, were cont inual ly  regurgi ta ted.  The regurgi ta ted  mater ia l  further da ma ge d  the 
velum mechanical ly,  velar  cilia detached,  and  genera l ized  necrosis of mant le  and  ve lum 
was followed by necrosis of the other soft tissues. On the basis  of l ight  microscopy, the 
condition was suspected of be ing  a funga l  disease.  Dur ing  EM inves t iga t ion  of velar  
lesions, Elston (1979) found an  i r idol ike virus in  degene ra t i ng  cells of the velar  
epi thel ium of hatchery-reared larvae. EM examina t ion  failed to demonst ra te  zoospores 
in velar tissues. The objects that appeared  like zoospores with the l ight  microscope were 
irregular e lec t ron-opaque objects not r e sembl ing  microorganisms (Elston, 1980). These 
objects, and  lesions associated with them, were  much  more numerous  than  the 
iridovirus. The spherical  bodies  in  the stomach of diseased larvae were ident i f ied as a 
fungus resembl ing  HyalochloreHa marina, and  the regurgi ta t ion  of stomach contents  is 
apparent ly  due to the excessive quant i ty  and  size of the gast rointes t inal  contents  (Elston, 
1980). Later, s tudy of similar  velar  lesions in  larval  C. gigas from Tasman ia  showed that 
the zoosporelike objects are t ransformed and  necrotic mi tochondr ia  (Leibovitz & Comps, 
1982). These authors state that the type of necrosis exhib i ted  in the velar  mi tochondr ia  is 
known to occur through failure of osmoregulatory mechan i sms  and  toxic insul t  to the 
cell, and that these are important  responses to adversely  a l tered aquat ic  envi ronments .  
Whether  the iridolike virus was able  to establ ish pa ten t  infect ion because  of the stressed 
condit ion of the larvae, and  whe ther  it cont r ibuted  to that  stress, deserve further study. 

DISCUSSION 

If a dist inct ion is made  b e t w e e n  inves t iga t ion  of disease in  its broad sense on the one 
hand, and discovery, isolation, and  ident i f icat ion of viruses on the other, cer ta in  conclu-  
sions can be drawn. Studies of viral disease in  cul tured shrimp involve an imals  of k n o w n  
history ma in t a ined  in control led envi ronments ,  and  knowledge  of other d i sease-caus ing  
agents  and  their effects on captive p e n a e i d  shr imp is considerable .  Firm u n d e r s t a n d i n g  
of diagnosis  of shr imp viral disease, pa thogenic i ty  of the viruses, methods  of t ransmis-  
sion, and  the inf luence  of biotic and  abiotic stress is not an impossible  goal. Good 
progress is be ing  made  on ident i f icat ion of some viruses of other mar ine  invertebrates ,  
but  information on diseases caused by these viruses is anecdota l  or has d e p e n d e d  on 
studies of wi ld-caught  an imals  of u n k n o w n  history. Some subjects  of disease s tudies  
were a l ready virus infected before exper imenta l  exposure to a different virus (Johnson, 
1983). If it is hard to assess most crustacean viruses as pr imary  disease producers,  
assessment of mol lusk viruses from that s tandpoin t  is even  more difficult. Mol lusk 
viruses strongly associated with disease states have not b e e n  isolated or t ransmit ted  
exper imental ly  (excepting, possibly, the puta t ive  virus cons idered  by O pr a ndy  et al. 
[1981] to be the etiologic agent  of mol luscan  hemopoiet ic  neoplasms).  The ir idovirus of 
octopus and  herpesl ike virus of oysters do appear  to be  associated with diseases that are 
dependent  on the virus a lone or on the virus plus a know n  physical  stressor (Rungger et 
al., 1971~ Farley et al., 1972). Ident i f icat ion and  d i sease-caus ing  propensi t ies  of irido- 
viruses found in  diseased larvae and  adul ts  of oysters need  further study. 

In some ins tances  it is not clear in  a report whether  viral ly diseased an imals  were 
taken from the natura l  env i ronmen t  or whe ther  disease appeared  only after capture 
(Table 3). Several of the viruses cause disease w h e n  exper imen ta l ly  t ransmit ted  to 
healthy animals.  One  must  keep in m i n d  that stress may  precipi ta te  disease in  viral ly 



92 P .T .  Johnson  

infected capt ive  an imals  and  that  expe r imen ta l  t ransmiss ion often exposes  animals  to 

more virus and by different  routes than wou ld  occur in nature.  From the s tandpoint  of 

d isease  in aquacul ture ,  these  dist inctions perhaps  are  ma in ly  of academic  interest,  but 

they assume impor tance  if one wishes  to unders tand  viral  d isease  in natural  populat ions.  
S imul taneous  p re sence  of two viruses  in wi ld  or capt ive  d iseased  insects is not 

u n c o m m o n  (Vago, 1963). Occur rence  of two or more  viruses in d iseased crabs in 
laboratory popula t ions  is also not  u n c o m m o n  and  is a regu la r  or constant  feature  of three 

disease  syndromes.  Excep t ing  P + S viruses and F-N viruses of Macropipus depurator, 
and RLV + RhVA of Callinectes sapldus, we cannot  predic t  whe the r  or not mul t ip le  viral 
infect ion is l ike ly  to occur f requent ly  in nature.  Mul t ip le  infect ion in laboratory- 

ma in t a i ned  and expe r imen ta l ly  infected crabs proves  that  such infect ion is b iological ly  

poss ib le  and theore t ica l ly  it indica tes  that  mul t ip le  viral  infect ion migh t  be a threat  in 

crus tacean aquacul ture .  

With excep t ion  of shrimp and oyster larvae,  very  young  juven i l e  s tages or la rvae  of 
mar ine  inver tebra tes  have  not b e e n  e x a m i n e d  for p resence  of viruses. The  best  known 

inver tebra te  viruses,  those of ho lometabotous  insects, cause disease  much  more fre- 
quen t ly  in la rvae  than  in adults - a t endency  so accep ted  by insect  pathologists  that 

r ev iewers  of viral  d isease  in insects often neg lec t  to specify the fact (Steinhaus, 1963; 
Cantwel l ,  1974). IHHNV of Penaeus styllrostrls apparen t ly  occurs as a la tent  virus in 

larvae,  wi th  d isease  mani fes ted  in the post larval  s tage (Lightner et al., 1983c}, but 
BMNV of Penaeus japonlcus causes  d isease  in la rvae  as we l l  as pos t larvae  (Sano et al., 

1981}. De te rmina t ion  of the most suscept ib le  s tages  to other  mar ine  inver tebra te  viruses 

is yet  to be  accompl i shed ,  and whe the r  t ransovar ia l  t ransmiss ion occurs with any of the 
viruses  is unknown.  

The  lack of reports of viruses  from lobsters, and crabs of the genus  Cancer, is 

interest ing.  These  groups contain very impor tant  commerc ia l  species;  they are often 
he ld  in impoundments ,  and their  d iseases  and parasi tes  have  b e e n  inves t iga ted  in many 

local i t ies  over  a cons iderab le  number  of years.  It may  be  that  the large,  mature  animals  

forming the f isheries are less suscept ib le  to viruses, and that  surveys of younger  animals  

wou ld  revea l  viral  infections.  For example ,  viruses  of the blue crab, another  va luab le  
and much  s tudied  commerc ia l  species,  were  u n k n o w n  until  j uven i l e  crabs were  invest i-  

gated.  
Studies on host r ange  of mar ine  inver tebra te  viruses are conf ined  to those of penae id  

shr imp and  the b i rnavi ruses  cu l tured  from b iva lve  and gas t ropod mollusks.  IHHNV of 
shr imp infects at least  th ree  species  of Penaeus, but pa thogen ic i ty  differs marked ly  in 

the three  in wl~ich it has b e e n  studied.  The  b i rnavi ruses  from mol lusks  appear  to have  a 
ra ther  broad host range,  and all are  cons idered  strains of IPNV. The i r  capaci ty  to cause 

disease  in their  inver tebra te  hosts is undec ided ,  but  infec ted  mol lusks  migh t  serve as 
reservoirs  of IPNV for fish. That  a p icorna l ike  virus of a paras i t ic  isopod also infects its 

crab host migh t  indica te  that  this virus has a broad host  range,  but  could be a special  

ins tance  that  came  about  th rough the close associa t ion of a host and its parasite.  The  
P virus of Macropipus depurator and RLV of Callinectes sapidus are similar  morphologi-  

cal ly  and  deve lopmenta l ly ,  and  non-occ luded  bacu lov i ruses  that  infect hemocytes  of 

C. sapidus and Carcinus maenas are s imilar  in the same ways. The  hosts are all por tunid 
crabs, and it wou ld  not be  surpr is ing to find the re la ted  pairs of viruses to be closely 

re la ted  species  or strains of the  same species,  Viruses  have  b e e n  s tudied main ly  in the 
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commercia l  or the larger  species  of decapod  crus taceans  and b iva lve  mollusks.  We have  

little information on viral  infect ions of other  animals  l iv ing in the same envi ronments ,  
that might  be  reservoirs  or o therwise  be  invo lved  in eco logy  of known  viruses. Irido- 
viruses, with their  often broad host ranges,  are of special  in teres t  because  i r idol ike  

viruses impl ica ted  in epizootics  affect ing cul tured oysters migh t  have  a l ternate  hosts in 

the same environments .  
Latent viral  infect ions and ones that  are slow to deve lop  into overt  d isease  are a 

problem in shrimp culture. There  are other  viruses  that  migh t  acc iden ta l ly  be brought  in 

with in t roduced animals.  For example ,  the cons iderab le  p r e v a l e n c e  of HLV disease  in 

blue crabs wi thout  external  signs, and the abi l i ty of the virus to be wa te rborne  sugges t  

that HLV might  easi ly be  in t roduced  inadver ten t ly  into virus-free  popula t ions  by 

imported crabs kept  in open systems. 

C O N C L U S I O N S  

That stress has b e e n  found to exace rba te  viral  p r e v a l e n c e  and d isease  in mar ine  

inver tebrates  is not surprising; it does the same in ver tebra te  populat ions.  As Overs t ree t  

(1978) says: " . . .  the most impor tant  factor in t ransforming an infect ion into a d isease  is 

stress." The documenta t ion  now ava i lab le  on effects of stress on viral  d isease  (and on 
other diseases) of mar ine  inver tebra tes  wil l  p rove  va luab le  to studies of the effects of 

pollutants  or other m a n - m a d e  stressors on natural  populat ions,  and effects of various 

stressors in aquacul ture .  Important  as stress is, it would  be  a mis take  to assume all viral  
diseases of mar ine  inver tebra tes  are stress related.  A virus in t roduced  into popula t ions  

lacking gene t ic  resistance,  as I H H N V  of shrimp, is known to cause devas ta t ing  mor- 

talities, and HLV of the blue crab can have  a re la t ive ly  h igh  p r e v a l e n c e  in natural  

populat ions where  stress does not s eem to be  a feature. 

Knowledge  ga ined  in the past  10 years on viruses  of cul tured shrimp, most par t icu-  

larly the results of recent  research  by D. V. Lightner  and coworkers ,  wil l  prove to be  of 
primary impor tance  for our even tua l  unde r s t and ing  of viral  d isease  in mar ine  inver te-  

brates, both cul tured and wild. We are aware  that  d i sease -caus ing  viruses  are not 

necessari ly host specific. We now know that a virus caus ing  inapparen t  infect ion in one 

species can cause devas ta t ing  d isease  in another.  These  facts can hardly  be  ignored  
when  plans are made  to in t roduce exotic species  of mar ine  inver tebra tes  for conta ined  or 

free culture. 
Clearly,  we know very little about  viruses  and viral  d isease  in natural  popula t ions  of 

marine invertebrates .  Almost  any research  approach  should y ie ld  va luab le  k n o w l e d g e  

appl icable  to both artificial and natural  envi ronments .  A m o n g  other  subjects,  we 

part icularly n e e d  taxonomic  studies to de te rmine  the ident i ty  or separa teness  of cer ta in  

viruses infect ing decapods  and mollusks;  studies on host r ange  and re la t ive  pa thogen-  

icity in the hosts; s tudies on methods  of t ransmission;  and surveys of viral  occurrence  in 

natural communi t ies  of mar ine  inver tebrates .  
Methods  current ly ava i lab le  for ident i f ica t ion of mar ine  inver tebra te  viruses  are 

cumbersome, t ime-consuming ,  and somet imes  of ques t ionab le  accuracy.  The  need  for 
cell-culture systems from both b iva lve  mol lusks  and decapod  crustaceans  that  wil l  

support repl icat ion of the var ious viruses is a pa ramount  concern  (Johnson, 1983; 
Lightner et el., 1983a). Cel l  cul tures wou ld  m a k e  possible  many  tests, inc lud ing  the 
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d e t e r m i n a t i o n s  of CPE a n d  p r o d u c t i o n  of l a r g e  q u a n t i t i e s  of v i rus  for d e t e r m i n a t i o n  of 

i m m u n o l o g i c  p a r a m e t e r s  of v i r u s e s  a n d  f l u o r e s c e n t  a n t i b o d y  t e s t i n g ,  etc .  t ha t  a re  

n e c e s s a r y  for fast,  s i m p l e ,  a n d  a c c u r a t e  d i a g n o s i s .  Unt i l  ce l l  c u l t u r e s  are  ava i l ab l e ,  the  

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