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ABSTRACT: In many shrimp farms in the Kyushu and Chugoku areas of Japan, the so-called mid- 
gut gland cloudy disease of kuruma shrimp larvae (Penaeusjaponicus) has occurred since 1971. The 
pathological changes associated with this baculoviral mid-gut gland necrosis (BMN) are extensive 
cellular necrosis, collapse of mid-gut gland cells, nuclear hypertrophy and finally karyorrhexis. 
Electron microscopic examination revealed the presence of virions and virogenic stages in the 
affected nuclei. Average length and diameter of the virions detected was 310 and 72 nm, respec- 
tively; nucleocapsids were 250 nm in size. Virions enclosing 2 nucleocapsids within a single 
envelope were rarely found. The spirally arranged capsomeres were at an angle of 37 to 38 ° to a 
horizontal line meeting at right angles with the long axis of the virion. Infectivity trials resulted in 
high mortality of healthy mysis and juveniles (2nd post-larval stage). Juveniles at the 9th post-larval 
stage showed no mortality, although they could be infected easily by the agent. Hypertrophied 
nuclei in squashed and stained preparations of the affected gland cells can be considered to be of 
reliable presumptive diagnostic character, and fluorescent antibody staining can be employed to 
confirm the diagnosis of BMN. 

INTRODUCTION 

In many  shrimp farms in the Kyushu and  C h u g o k u  areas  of Japan ,  the so-ca l led  mid-  
gut  g land  c loudy d isease  of kuruma  shr imp larvae,  Penaeusjaponicus, has occurred from 

May to September ,  the  g rowing  season, almost  every  year  s ince  1971. It has drast ical ly  

produced h igh  mortal i ty  and showed  fully a d v a n c e d  necrosis  of the mid-gu t  gland.  
However ,  nobody has a t tempted  to f ind the causat ive  agen t  of this d i sease  thus far. We 

had an opportuni ty  to perform pa tho log ica l  examina t ions  of the d i seased  shr imp in the 

summer  of 1977 and infect ivi ty exper iments  in the summers  of 1978, 1980 and 1982. 
Consequent ly ,  we  were  able  to obta in  e v i d e n c e  that  all mor ibund  shrimp la rvae  suffered 

from an infect ion accompan ied  by the p re sence  of numerous  rod-shaped  part icles,  

Baculovirus virions. We des igna ted  this epizoot ic  bacu lovi ra l  "mid -gu t  g l and  necrosis"  

(BMN) in 1981. Character is t ic  changes  in the  nuc le i  of the g l and  cells, and the  resul ts  of 
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infectivity trials indica ted  that the baculovirus  is probably  the causative agent  of this 
epizootic. 

Cons ider ing  that this baculovirus  has the potent ia l  to produce high mortality in 
shr imp larvae, we tried to develop a rapid diagnost ic  t echn ique  inc lud ing  confirmative 
diagnosis .  

MATERIALS AND METHODS 

The first mater ia ls  s tudied were mor ibund  shrimp larvae, showing the same symp- 
toms as shrimp in  the epizootic (Fig. 1), and  heal thy  larvae brought  to the Laboratory of 

Fig. 1. General appearance of kuruma shrimp larva suffering from baculoviral mid-gut gland 
necrosis (BMN). Mid-gut gland (a rrow) became cloudy due to severe necrosis of the organ. Bar = 2 mm 

Fish Pathology, Tokyo Universi ty  of Fisheries, from a shr imp-cul ture  farm located at 
Ube, Yamaguchi  Prefecture (June, 1977). Materials at the 9th post-larval stage (healthy) 
were t ransported to the same laboratory from Shizuoka Prefectural Fish Farming,  
Numazu,  Shizuoka Pref. (September,  1982). 

Mater ia l  for convent iona l  microscopy was fixed in  neut ra l  10 % formalin and Bouin's  
solution. Sect ioned preparat ions  were s ta ined with hematoxyl in  and  eosin, and  by Vago- 
Amargier ' s  method (1963). For electron microscopy, the same materials  were fixed for 
2 h in cold 2.5 % g lu ta ra ldehyde  (in 0.1 M PBS adjus ted  to PH 7.4), r insed for 1 h with 
7 % sucrose (in 0.1 M PBS) and  postfixed for 1 h with 1% osmium tetroxide (in mar ine  
crab saline). These materials  were dehydra ted  in  alcohol, embedded  in epoxy resin, 
sect ioned and  s ta ined with uranyl  acetate, with subsequen t  s ta in ing  with lead citrate, 
and  observed with a JEM-100B electron microscope. 

For electron microscopy of nega t ive  stain, the fol lowing procedures  were employed:  
1 g affected shr imp frozen at --80 °C for I yr was homogen ized  whi le  chill ing, suspended  
in  30 ml m i n i m u m  essent ial  m e d i u m  supp lemen ted  with 2 % fetal bovine  serum (MEM-2), 
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centrifuged at 2000 xg for 20 min;  the superna tan t  was then  centr i fuged at 17,500 xg for 
30 min. The precipi ta t ion was r e suspended  in  2 ml Tris-HC1 Buffer (PH 7.4, 10 mM). It 
was then  nega t ive ly  s ta ined with 3 % urany l  acetate and  observed with a JEM-100B. 

Infectivity exper iments  were  carried out u s ing  oral a nd  wate rborne  inoculat ion.  
Thirty larvae from the 2nd day post- larval  stage were  used  for the oral inocu la t ion  test, 
each larva be ing  re leased into a 100 ml  flask. Ten  larvae (also one  per  flask) were  used 
as controls. Each larva in  the oral inocula t ion  group was  fed mid-gu t  g l and  removed from 
one diseased shrimp. Control shr imp were  fed naup l ius  of b r ine  shrimp. Water  tempera-  
ture in  flask dur ing  the exper iment  r anged  from 23.2 to 27.0 °C. The  wate rborne  
inoculat ion tests ut i l ized 50 larvae from mysis II or III stage. These larvae were  re leased 
into 5 1 jars, for control and  test purposes.  The inocu lan t  was the superna tan t  f luid 
obta ined by centr i fuging 0.3 g homogen ized  diseased shrimp, previously  frozen at 
--80 °C, in  10 ml steril ized seawater  at 300 xg for 10 min.  The superna tan t  fluid (6.5 ml) 
was filtered through a 450 n m  filter prior to addi t ion  to the test jar. Water  t empera ture  
dur ing this exper iment  ranged  from 25.6 to 26.0 °C. Both control and  test shr imp were fed 
naupl ius  of br ine  shrimp. 

Waterborne inocula t ion of juven i les  at the 9th post-larval  stage was performed as 
follows: 1 g diseased larvae frozen at --80 °C was thawed  and  homogen ized  in  69 ml 
sterilized seawater, subsequen t ly  centr i fuged at 700 xg for 10 min.  The superna tan t  fluid 
(43 ml) was filtered through a 450 n m  filter prior to addi t ion  to a 1 1 jar in  which  100 
larvae were subjected to oral inocula t ion  for 2 h. These  pos t - inocula t ion  larvae were  
raised in  15 1 seawater  at 22.5-25.0 °C. 

Squashed and  s ta ined  preparat ions  of spon taneous ly  affected mid-gu t  g l and  were 
checked for the presumpt ive  diagnost ic  technique .  The  indirect  immunof luorescence  
technique  was also examined  to learn  whether  this procedure  can be  employed  to 
confirm the diagnosis,  us ing  waterborne- infec ted  juven i les  from the 9th post- larval  
stage. Samples for this exper iment  were t aken  at 18, 24, 36, 48, 60, 72, 96 and  120 h post- 
inoculation.  Squashed preparat ions  from the g lands  of these samples  were provided, 
fixed with acetone for 10 min  at room tempera ture  and  then  s ta ined with the indirect  
fluorescent ant ibody t echn ique  us ing  FITC-Protein A (Pharmacia Fine  Chemicals).  

RESULTS 

The field report from the shr imp-cul ture  farm at Aio, Yamaguchi  Prefecture, on 
mortality caused by an epizootic ind ica ted  that the shr imp larvae suffered high mortal-  
ity; 20 % up to mysis or the 1st post- larval  stage; 50 % up  to the 7th stage (Fig. 1) and  
90 % up to 8th or 9th stage. 

Light and  electron microscopic examina t ion  showed no ev idence  of any  polyhedra l  
inclus ion bodies  l ike those produced  by  some insect  baculovi ruses  in  mater ia l  of the 
affected g land  of mor ibund  larvae (Figs 2and  6). However,  such prepara t ions  revea led  
remarkable  cel lular  necrosis and  collapse of mid-gu t  g land.  Preparat ions  s ta ined  with 
hematoxyl in  and  eosin  showed that  nuc lea r  hyper t rophy and  collapse a lways followed 
these cel lular  changes.  The d imens ions  of the hyper t rophied  nucle i  of such cells were 
1 0 - 1 4  × 1 2 - - 1 6 ~ m ,  whi le  comparable  f igures for normal  nuc le i  were  only 
4 - 6 x 4 -- 8 ~m. There was also no ev idence  of any  inc lus ion  bodies  in  the preparat ions  
s tained according to Vago-Amargier ' s  method (1963). 
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Fig. 2. Several profiles of viral particles revealing the characteristics of Baculovirus and incomplete 
particles representing virogenic stages in the affected nucleus: note rod-shaped virion (arrow); 
virions enveloped twice by outer and inner membrane (insert); virions with convex envelope, 

particles without core and with opened envelope, and fibrillar structure 
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Fig. 3. Electron micrograph of an  ul t ra thin  section of mid-gut  g land  t aken  from artificially infected 
shrimp larvae. Note the hyper t rophied  nucleus  and  numerous  baculoviruses  
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Electron microscopic  observat ions  showed  cytoplasmic  col lapse of mid-gut  g land 
cells  and nuc lea r  hypertrophy,  as we l l  as the p resence  of rod-shaped  particles,  p resumed 

to be  baculovirus ,  in the nuc le i  (Figs 2, 3). Such pa tho log ica l  changes  were  common and 
a lways  obse rved  in the d i seased  larvae from the cul ture farms at both Ube and Aio. 

Abundan t  clusters of these par t ic les  were  found in the lumen  of the affected organ. 

No such changes  or rod-shaped  virus par t ic les  were  seen in the control preparat ions of 
normal  larvae.  

As shown in Figure  2, the vir ions conta ined  rod-shaped  nucleocaps ids  (arrow) and 
were  e n v e l o p e d  twice  with  outer  and inner  m e m b r a n e  as an essent ia l  structural compo- 

nent  (insert). Somet imes  the enve lopes  were  convex  or concave.  The average  length  and 

d i ame te r  of vir ions were  310 nm and 72 nm, respect ively.  The ave rage  length  of the 
nuc leocaps ids  was  250 nm in longi tud ina l  sect ion and the ave rage  d iameter  of the 

nuc leocaps ids  was 36 nm. The ave rage  d i ame te r  of convex enve lopes  or protruded 
enve lopes  was 130 nm. Incomple te  viral  par t ic les  represen t ing  v i rogenic  s tages were  

found in the affected nuclei .  A fibril lar s tructure wh ich  migh t  represent  v i rogenic  
mater ia ls  was also observed  (Fig. 2). The latter structure was similar  to stromal fibrils 

r evea l ed  in the nucle i  of fat-body cells in " M a l a y a  d isease"  of an insect  Oryctes 
rhinoceros repor ted  by H u g e r  (1966}. In general ,  the vir ion consisted of one rod-shaped 

nuc leocaps id  wi th in  a s ingle  enve lope .  However ,  we  rarely encounte red  virions with 

two nuc leocaps ids  enc losed  wi th in  a s ingle  e n v e l o p e  (Fig. 4). The  spirally a r ranged 

capsomeres  were  at a 37 to 38 ° ang le  to a horizontal  l ine m e e t i n g  at r ight  angles  with the 
long axis of the vir ion (Fig. 5). 

300 nm 
l 

Fig. 4. Electron micrograph of negatively stained virion. Two nucleocapsids are enclosed within a 
single envelope which is partly broken. One nucleocapsid is protruding 
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Fig. 5. Electron micrograph of negat ive ly  s ta ined nucleocapsid.  The spirally a r ranged  capsomeres  
are at an  angle  of 37 to 38 ° to a horizontal  l ine mee t ing  at r ight  angles  wi th  the long axis of the 

nucleocapsid  

T h e  r e s u l t s  o b t a i n e d  f r o m  ora l  i n o c u l a t i o n  of t h e  2 n d  p o s t - l a r v a l  s t a g e  a r e  p r e s e n t e d  

in  T a b l e  1. W h i l e  t h e  c o n t r o l s  e x h i b i t e d  n o  m o r t a l i t y ,  t h e  i n o c u l a t i o n  g r o u p  s h o w e d  t h a t  

c u m u l a t i v e  m o r t a l i t y  w a s  83 % u p  to 4 clays a f t e r  i n o c u l a t i o n  a n d  r e v e a l e d  a b n o r m a l  

n u c l e i  in  t h e  m i d - g u t  g l a n d  ( 8 1 % )  a n d  i n  t h e  i n t e s t i n e  (43.7 %), w h e r e a s  n o  c e l l u l a r  

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

i n o c u l a t i o n  of t h e  m y s i s  a r e  s h o w n  in  t h e  s a m e  t a b l e .  W h i l e  c u m u l a t i v e  m o r t a l i t y  in  t h e  

e x p e r i m e n t  u p  to 4 d a y s  p o s t - i n o c u l a t i o n ,  w a s  5 1 . 1 % ,  m o r t a l i t y  in  t h e  c o n t r o l  w a s  9 . 1 %  

o v e r  t he  s a m e  pe r i od .  A d d i t i o n a l l y ,  t h e r e  w e r e  d i f f e r e n c e s  b e t w e e n  a v e r a g e  b o d y  l e n g t h  

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

w a t e r b o r n e  i n o c u l a t i o n  of j u v e n i l e s  a t  t h e  9 th  p o s t - l a r v a l  s t a g e  s h o w e d  a c u t e  i n f e c t i o n ,  
b u t  no  m o r t a l i t y  o c c u r r e d  d u r i n g  t h i s  e x p e r i m e n t a l  p e r i o d .  

Table 1. Results obta ined  from infectivity experiments .  Control in brackets  

Day after 
inoculat ion 

Cumulat ive  mortali ty (%) 

Waterborne  inoculat ion 
of mysis II or III 

Oral  inoculat ion of juveni les  
at 2nd post-larval  stage 

6 (6) 
39.1 (8.5) 
51.1 (gA) 

Difference in average  body 
length  (ram) of survivors: 
Exper imental  group 4.96 
Control group 6.05 

30 (0) 
60 (0) 
83 (0) 

Incidence of abnormal  
nuclei  (%) in survivors 
Mid-gut  81 
Intest ine 43.7 
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Fig. 6. Squash and stained preparation of spontaneously affected mid-gut gland (hematoxytin and 
eosin). Note the hypertrophied nuclei (arrow) 

Ultrathin sections of the g land  infected, fol lowing waterborne  inocula t ion  of the 2nd 
post-larval  stage, revealed  nuc lea r  hyper t rophy and  severe infect ion accompanied  by 
numerous  baculoviruses  (Fig. 3). These results were not different from those obta ined 
from the spontaneous ly  affected shr imp larvae concern ing  histological  alterations. 

Squashed  and  s ta ined preparat ions  of the affected mid-gut  g land  indicated  hyper- 
t rophied nuc le i  (Fig. 6). In addit ion,  it was demonst ra ted  that indirect  immunofluores-  
cence t echn ique  can  be used to detect  infected stages 24 h after inoculat ion.  

DISCUSSION 

Baculoviruses comprise the fol lowing subgroups  (Matthews, 1982): Baculoviruses of 
subgroup A and  C repl icate  exclusively in  the nucleus ;  those of subgroups B replicate 
largely in  the nucleus ,  bu t  repl icat ion can occur in  the cytoplasm. Virions may be 
occluded or non-occluded,  d e p e n d i n g  upon  the t ime or sequence  in the infect ion cycle or 
the virus species. Virions of subgroups  A and  B can be occluded in the crystall ine protein 
occlusion body, which may be polyhedra l  in shape and  conta in  many  virus particles 
(subgroup A), or be  ovicyl indrical  and  conta in  only one or rarely two particles (subgroup B). 
Subgroup  C viruses have no occlusion bodies,  Consequent ly ,  the baculovirus  we found 
in  k u r u m a  shrimp could be a m e m b e r  of subgroup  C (non-occluded rod-shaped nuclear  
viruses). 

Three members  of Baculovir idae have b e e n  ident i f ied in P e n a e u s  thus far (see 
Table  2). The agent  descr ibed in this paper  is different from Bacu lov i rus  p e n a e i  which 
was ident i f ied and  n a m e d  after t 9. duorarum and  19, az t ecus  (Couch, 1974, 1975, 1976; 
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e t  al., 1975);  i t  is a l so  d i f f e r e n t  f r o m  b a c u l o v i r u s  f o u n d  in  P. m o n o d o n  b y  L i g h t n e r  & 

R e d m a n  (1981).  T h e y  p r o d u c e d  c h a r a c t e r i s t i c  n u c l e a r  o c c l u s i o n s .  O n  t h e  o t h e r  h a n d ,  

s u c h  i n c l u s i o n  b o d i e s  w e r e  n o t  o b s e r v e d  i n  t h e  a f f e c t e d  m i d - g u t  g l a n d  ce l l s  of k u r u m a  

s h r i m p .  

A c c o r d i n g  to B o n a m i  (pers .  comm.) ,  t h e r e  a r e  t w o  s p e c i e s  or  t y p e s  of b a c u l o v i r u s  

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

w e r e  a t  0 ° a n d  a 37 to 38  ° a n g l e ,  r e s p e c t i v e l y ,  to  a h o r i z o n t a l  l i n e  m e e t i n g  a t  r i g h t  a n g l e s  

w i t h  t h e  l o n g  ax i s  of t h e  v i r ion .  T h e  v i r u s  c o n s i d e r e d  h e r e  w a s  a t  t h e  l a t t e r  a n g l e .  

W e  h a v e  t r i e d  to e s t a b l i s h  t h e  s h r i m p  ce l l  l i ne ,  b u t  h a v e  no t  s u c c e e d e d  t h u s  far. 

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

e x p e r i m e n t s  m a d e  i n  t h i s  s t u d y  i n d i c a t e d  t h a t  t h i s  e p i z o o t i c  is a l m o s t  c e r t a i n l y  a v i r a l  

i n f e c t i o n .  It is  s u g g e s t e d  t h a t  v i r u s e s  r e l e a s e d  w i t h  f e c e s  i n t o  t h e  w a t e r  of i n t e n s i v e  

c u l t u r e  s y s t e m s  of k u r u r n a  s h r i m p  p l a y  a n  i m p o r t a n t  ro le  in  t h e  h o r i z o n t a l  t r a n s m i s s i o n .  

As  T a b l e  1 s h o w s ,  t h i s  b a c u l o v i r u s ,  f o l l o w i n g  t h e  v e r y  a c u t e  i n f e c t i o n  a n d  sho r t  

i n c u b a t i o n  p e r i o d ,  b r i n g s  o n  s e v e r e  m o r t a l i t y  of k u r u m a  s h r i m p  in  t h e  p o s t  l a r v a l  s t age .  

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

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

i n d i c a t i o n  for  B M N .  Also ,  t h e  i n d i r e c t  i m m u n o f l u o r e s c e n c e  t e c h n i q u e  c a n  b e  a p p l i e d  to 

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