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ABSTRACT: The histopathological effects of the adult digenetic trematode Proctoeces ichiharai 
(Fellodistomatidae) on the renal tissue of the marine gastropod Batillus cornutus (Turbinidae) 
collected from Misaki (Kanagawa Prefecture, Japan) were examined. The infected top shells 
showed such pathological changes as (1) discoloration of the kidney, (2) metaplasia and hyperptasia 
in the epithelium and subepithelial tissue of the renal coelom, (3) cyst formation by accumulation of 
excretory materials in the collecting ducts and renal tubules, and (4) appearance of eosinophilic 
granular cells. 

INTRODUCTION 

The majority of d igenet ic  t rematode larvae are parasi tes  in  the digest ive g land  of 
molluscs, whi le  the adults  are parasi tes  of vertebrates.  However,  some species of the 
genus  Proctoeces show an  abbrev ia ted  life cycle by restr ict ing themselves  to and  
a t ta in ing maturi ty  in  the mol luscan  hosts (Freeman & Llewellyn,  1958; S tunkard  & 
Uzmann,  1959; Ichihara, 1965; Loos-Frank, 1969; Lang & Dennis ,  1976; Shimura  & 

Egusa, 1979). 
Previous studies on the pathology of the he lmin th  infect ion in  molluscs (reviewed by 

Wright, 1966; Cheng,  1967) have b e e n  mostly concerned  with the pathological  effects of 
the larval Digenea  on the digest ive g land  of pelecypods and  gastropods, and  little 
a t tent ion was pa id  to the pathology of mol luscan  hosts infected by adul t  trematodes.  To 
fill this gap in our knowledge ,  this paper  describes the his topathological  effects of the 
adult  d igenet ic  t rematode P. ichiharai on the renal  t issue of the mar ine  gastropod 
Batillus cornutus. 

MATERIALS AND METHODS 

Top shells Batillus cornutus were  collected from Misaki  (Kanagawa Pref.) and  
Kominato (Chiba Pref.) in  J apan  b e t w e e n  February  1974 and  October  1975. Al though the 
specimens ob ta ined  from Misaki  showed a h igh inc idence  of infestation,  those from 
Kominato harbored no parasite. 

The soft parts of the top shells were carefully removed from their shells and  
preserved in  ei ther  Bouin 's  solut ion or 10 % formalin.  After fixation, the spec imens  were  
dehydrated in ethanol,  e m b e d d e d  in  paraffin and  sect ioned at 4 -6  #m. The sections were 
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s ta ined with H-E procedure .  When  necessary,  azan, Masson ' s  t r ichrome,  Giemsa  and 

per iod ic  acid-Schiff  (PAS) s ta inings  were  also employed .  

RESULTS 

K i d n e y  of B a t i l l u s  c o r n u t u s  

The external  appea rance  of the soft body and the infect ion site of the parasi te  have 
b e e n  descr ibed  by Shimura  & Egusa (1979). The pa r enchym a  consists of the renal  

tubules  and co l lec t ing  ducts and is located b e t w e e n  the ep idermis  and the renal  coelom 

(Fig. 2A). The  coe lom is l ined  with a s ingle  layer  of epi thel ium.  The renal  tubules, 

co l lec t ing  ducts and ep i the l ium of the renal  cavity are composed  of c i l ia ted cells, The 
renal  tubules  are connec ted  to the col lect ing ducts wh ich  form a large duct open ing  into 
the coe lom (Fig, 2B). 

Fig. 1. A cast of the renal coelom of Batillus cornutus made with Neoprene Latex 601A; arrows 
indicate the most common site of infection (x 2.5) 

A cast of the renal  coelom made  with  N e o p r e n e  Latex 601A is shown in Figure 1. 

The open ings  of the col lec t ing  ducts to the cavity form vil lous protrusions. The right side 
of the cast is the distal end of the cavity. Arrows indicate  the most common site of 

infection, 

D i s c o l o r a t i o n  i n  k i d n e y  

The un infec ted  k idneys  are brown, the infected ones dark g r een  or whit ish brown. 
The site of discolorat ion is typical ly  restr ic ted to the heav i ly  infected area posterior to the 

per icardium,  In the case of heavy  infection, the discolorat ion extends  through the entire 

kidney.  The site of discolorat ion does not differ h is to logica l ly  from areas of normal  color. 
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Fig. 2, Histopathological  changes  in the k idney  of Batfllus comutus  caused by the infection of 
Proctoece.~ fchiharai, (A) Transverse section posterior to per icard ium th rough  renal  coelom and  
digestive g land of infected top shell; two parasi tes are visible in the coelom (x 3.?]. (B) Uninfected 
kidney showing collecting ducts opening into the coelom {x 74). (C) Uninfected k idney  showing the 
l ining of renal coelom by a single layer of ep i the l ium and tile under ly ing  renal  tubules  (x 148), (D) 
Damaged epi thel ium probably caused by mechanica l  stimuli  of P, ichiharai (x 148). (E] Hyperplas ia  
of epithelial  t issues of infected kidney showing papi l la te  and stratified ep i the l ium with an  increase  
of eosinophil ic granular  cells (x 148). (F) Infected k idney  showing fibrosis be tween  the epi the l ium 
and the renal  tubules;  notice the increase  of eosinophit ic  g ranular  cells m the ep i the l ium (x 148). 
Abbreviations:  ac: a l imentary canal, c: cyst, cd: collecting duct, dg: digest ive gland, e: epi thel ium, 

p: parasite, rc: renal  coelom, rt: renal  tubule,  st: subepi thel ia l  t issue 
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M e t a p l a s i a  and  hype rp l a s i a  in ep i the l ium 

A single layer of columnar and ciliated epithelium lines the renal coelom, of a 
normal B. cornutus (Fig. 2C), but the epithelial tissue of an infected top shell shows 
partial desquamation or degeneration at the infected site in the cavity (Fig. 2D). 
Progressive deformation is also observed at other parts of the epithelium. This is due to 
epithelial hyperplasia showing stratified or papillate structure coupled with prolifera- 
tion of eosinophilic granular cells (Fig. 2E). 

Me tap l a s i a  and  h y p e r p l a s i a  in subep i the l i a l  t issue 

The subepithelial connective tissues of the renal coelom occur only near the 
alimentary canal (Fig. 3A), but there is no connective tissue between the epithelium and 
the glandular parts of the kidney (parenchyma) in an uninfected healthy snail (Fig. 2C). 
In the parasitized kidney, the collagen fibers appear between the epithelium and the 
parenchyma showing metaplasia of fibrosis (Fig. 2P), and the subepithelial connective 
tissue adjacent to the digestive tract becomes remarkably thickened (Fig. 3B). The 
metaplasia and hyperplasia in the epithelium and subepithelial tissue are apparently 
caused by the prolonged mechanical stimuli resulting from the sucking motion and 
locomotion of the parasite. 

Cyst  fo rmat ion  

In a heavily infected kidney, cysts are formed by an excessive accumulation of the 
excretory materials in the collecting ducts or renal tubules. The cyst size varied from a 
small one about 100 #m embedded in the parenchyma, through a medium size like a 
nodule beneath the epidermis (Fig. 3C), to a large one of several millimeters in diameter 
that pushes up the epidermis to form a swelling (Fig. 3D). The largest cyst in the samples 
examined is about 5 mm in diameter and appears dark red in color. A transverse section 
shows it is divided into compartments and consists of several smaller cysts presumably 
connected to one another {Fig. 3E). 

Eos inophi l ic  g r anu la r  cells 

Some peculiar cells filled with eosinophilic and PAS positive granules, apparently 
secretory in function, are observed in the infected top shells taken from the Misaki 
region. The cells are abundant in the epithelium (Figs 2E and 2F), but are also 
distributed among the cells of the collecting ducts and renal tubules (Fig. 3F). In 
uninfected snails obtained from the Kominato region no eosinophilic cells are detected 
(Figs 2B and 2C). 

DISCUSSION 

In freshwater mussels (Anodonta spp.) infected with Aspidogaster conchicola, host 
responses similar to those observed in Batillus cornutus, e. g. renal epithelial metaplasia 
and fibrosis of the underlying connective tissue, have been reported (Pauley & Becket, 
1968). However, contrary to A. conchicola, no encapsulation of Proctoeces ichiharai was 
observed in B. cornutus. The proportion of the affected area to the entire kidney in B. 
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c o r n u t u s  is sma l l  e v e n  in a h e a v i l y  i n f e c t e d  s p e c i m e n .  T h e  r e m a i n i n g  par t s  of the  r e n a l  
t issue,  m a i n l y  t he  p r o x i m a l  a n d  m i d d l e  par t  of t he  k i d n e y ,  s h o w  no  s i g n i f i c a n t  h i s t o log i -  

cal d i f f e r ence  f rom an  u n i n f e c t e d  k i d n e y .  T h e r e f o r e ,  it is p r e s u m e d  tha t  P. i c h i h a r a i  

causes  l i t t le  exc re to ry  m a l f u n c t i o n  to its hos t  snai l .  

r c  

C 

Fig. 3. Histopathological changes in the kidney of Bat i l lus  cornu tus  caused by the infection of 
Proctoeces ichiharai.  (A) Uninfected kidney showing thin subepithelial  tissue situated close to the 
alimentary canal; the line bar indicates thickness (x 30). (B) Infected kidney showing the same 
region in Fig. 3B; notice the remarkably thickened subepithelial  tissue (x 30). (C) Numerous cysts of 
varying sizes beneath the epidermis (x 11). (D) Larger cysts; and increase of eosinophilic granular 
cells in the epithelium of the renal coelom, collecting ducts and lining of the cysts (x 11). (E) The 
largest cyst in the sample observed containing probably the excessive excretory materials (x 11). (F) 
The appearance of eosinophilic granular cells in the renal tubules of an infected kidney (x 222). For 

abbreviations see legend to Figure 2 
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A l t h o u g h  S a k a g u c h i  e t  al.  (1970) r e p o r t e d  e m a c i a t i o n  i n  p e a r l  o y s t e r  t h a t  w a s  

h e a v i l y  i n f e c t e d  w i t h  P r o c t o e c e s  sp.,  a n  a n a l y s i s  of c o r r e l a t i o n  b e t w e e n  t h e  i n t e n s i t y  of 

P. i c h i h a r a i  i n  a t o p  s h e l l  a n d  t h e  c o n d i t i o n  fac tor ,  c a l c u l a t e d  as  t h e  r a t i o  of soft  b o d y  

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

g r o w t h  of t h e  hos t .  

T h e  p r o c e s s  of cys t  f o r m a t i o n  i n  t h e  t o p  s h e l l  k i d n e y  is t h o u g h t  to  b e  as  fo l lows:  

i n i t i a l l y ,  t h e  m e t a c e r c a r i a e  of P. i c h i h a r a i  i n v a d e  t h e  r e n a l  c o e l o m  a n d  s e t t l e  t h e r e  for a 

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

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

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

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

t h r o u g h  t h e  e p i d e r m i s .  

Acknowledgemen t s .  I wish  to express  my deepes t  apprecia t ion  to Professor Dr. S. Egusa, Faculty of 
Agriculture,  Universi ty of Tokyo, for his  k ind  direct ion through the course of this  study, and 
Professor Dr. J. S. Ho, Depar tment  of Biology, California State University, Long Beach, for his k ind 
advice in the prepara t ion  of the manuscript .  Part icular  thanks  are due to Mr. N. Sueta for his help in 
prepara t ion  of spec imens  for histological  studies. 

L I T E R A T U R E  C I T E D  

Cheng,  T. C., 1967. Mar ine  molluscs as hosts for symbioses: with  a review of known parasi tes of 
commercial ly  impor tant  species. - Adv. mar. Biol. 5, 1-424. 

Freeman,  R. F. H. & Llewellyn, J., 1958. An adul t  d igenet ic  t rematode from an  inver tebra te  host: 
Proctoeces subtenuis  (Linton) from the l amel l ib ranch  Scrobicularia plana (Da Costa). - J. mar. 
biol. Ass. U. K. 37, 435-457. 

Ichihara,  A., 1965. On a Trematoda  (Proctoeces sp.) of the topshell,  Turbo (Batillus) cornutus 
Solander.  I. Geographica l  dis tr ibut ion in J a p a n  and  observat ions  on the adul t  fluke. - Jap. J. 
Parasit. 14, 426-436. 

Lang, W. H. & Dennis,  E. A., 1976. Morphology and  seasonal  inc idence  of infection of Proctoeces 
macula tus  (Looss, 1901)Odhner ,  1911 (Trematoda) in  Myti lus  e d u t i s . -  Ophel ia  15, 65-75. 

Loos-Frank, B, 1969. Zwei adulte  Trematoden  aus Nordsee-Mollusken:  Proctoeces buccini n. sp, 
und  P, scrobiculariae n. sp. - Z. ParasitKde 32, 324-340. 

Pauley, G. B. & Becker, C. D., 1968. Aspidogas ter  conchicola in mollusks of the Columbia  River 
System wi th  comments  on the host 's  pathological  response. - J. Parasit. 54, 917-920. 

Sakaguchi ,  S., Hoshina,  T. & Minami,  T., 1970. Studies on a t rematode genus  Proctoecesparasitic in 
pearl  oyster, Pinctada fucata. I. On the morphology, parasi t ic  status and  the distr ibut ion of pearl  
oyster infected wi th  the  parasite.  - Bull. natn.  Pearl  Res. Lab. 15, 1931-1938. 

Shimura,  S. & Egusa, S., 1979. A new digenet ic  t rematode,  Proctoeces ichiharai n. sp. (Fellodis- 
tomidae) from topshell ,  Batillus cornutus (Gastropoda). - Bull. Jap. Soc. scient. Fish. 45, 
1249-1253. 

Stunkard,  H. W. & Uzmann,  J. R., 1959. The life cycle of the digenet ic  trematode,  Proctoeces 
maculatus  (Looss, 1901) Odhner ,  1911 (syn. P. subtenuis  [Linton, 1907] Hanson, 1950), and 
descr ipt ion of Cercaria adranocerca n. sp. -Bio l .  Bull. mar. biol. Lab., Woods Hole 116, 184-193. 

Wright,  C. A., 1966. The pa thogenes i s  of he lmin ths  in the  Mollusca. - Hetminth.  Abstr. 35, 207-224. 


