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Heterophyias is ,  an intest inal  f luke infect ion of man and 

vertebrates transmitted by euryhal ine  gas tropods  and 

fish 
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ABSTRACT: Heterophyes heterophyes, agen t  of h u m a n  heterophyiasis  in the  Near  East, is t ransmit-  
ted in mar ine  lagoons and  sal ine in land  waters, where  the euryhal ine  in te rmedia te  hosts are 
abundant .  In Egypt, mullets, the p redominan t  second in termedia te  hosts, are customari ly consumed 
raw; thus man becomes infected easily. Symptoms of h u m a n  infections are usually considered mild. 
Mullets  do not seem to be  affected by the metacercar iae  encysted in the  muscles,  whereas  the 
growth of the snail  host Pirenella conica was found to be  e n h a n c e d  due to the  infestat ion by the  
trematodes.  In laboratory experiments ,  the  f lukes were  found to be  wel l  deve loped  in dogs, foxes 
and  cats, but  failed to reach sexual  maturi ty  in several  o ther  potent ial ly  piscivorous mammal s  and  
birds. In nature,  dogs probably  serve as the  major  reservoir  hosts. Heterophyias is  is most  p reva len t  
in the Nile Delta, a huge  brackish  water  area  which  is dense ly  popula ted  by h u m a n s  and, 
consequently,  also by dogs and  cats. In the  Far East, bes ides  Heterophyes nocens, several  o ther  
heterophyids  with mar ine  or f resh-water  life-cycles are k n o w n  to infect humans.  

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

At  l e a s t  14 s p e c i e s  of h e t e r o p h y i d  t r e m a t o d e s  a r e  k n o w n  f r o m  t h e  h u m a n  i n t e s t i n e .  

H u m a n s  as  d e f i n i t i v e  h o s t s  a r e  a f f e c t e d  a c c i d e n t a l l y ,  or  o n  a l a r g e  s c a l e  w h e r e  f i sh  is 

c o n s u m e d  raw,  s a l t ed ,  or  i n s u f f i c i e n t l y  c o o k e d  ( ch i e f l y  i n  E a s t  A s i a  a n d  in  S o u t h - E a s t  

Asia) .  

As  t h e s e  ' h u m a n "  h e t e r o p h y i d s  a r e  t r a n s m i t t e d  b y  p r o s o b r a n c h  g a s t r o p o d s  of t h e  

f a m i l i e s  P o t a m i d i d a e ,  M e l a n i i d a e ,  P l e u r o c e r i d a e  a n d  L i t t o r i n i d a e  - a n d  s u b s e q u e n t l y  

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

coas ts .  Stil l ,  Cryptocotyle lingua, w h i c h  w a s  s h o w n  to p a r a s i t i z e  6 % of t h e  i n v e s t i g a t e d  

E s k i m o s  o n  G r e e n l a n d  ( B a b b o t  e t  al., 1961),  is  t h e  o n l y  s p e c i e s  m a r i n e  b i o l o g i s t s  h a v e  

p a i d  a t t e n t i o n  to a d e q u a t e l y .  

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

r e p o r t e d  f rom h u m a n s  a re  l i s t e d  i n  T a b l e  1. As  h e t e r o p h y i d  e g g s  of d i f f e r e n t  s p e c i e s  m a y  

b e  v e r y  s i m i l a r  to e a c h  o the r ,  i n f e c t i o n s  c a n  o f t e n  b e  d i a g n o s e d  to t h e  s p e c i e s  l e v e l  on ly ,  

b y  m e d i c a l  e x p u l s i o n  of t h e  f l u k e s  or  b y  a u t o p s y .  O n l y  s u c h  r e p o r t s  a r e  l i s t e d  in  T a b l e  1. 

M u l l e t s ,  Mugil  cephalus for  i n s t a n c e ,  a c t  a s  t h e  m o s t  i m p o r t a n t  s e c o n d  i n t e r m e d i a t e  

h o s t s  of Heterophyes spp. ,  Pygidiopsis summa a n d  Stellantchasmus falcatus ( T a b l e  1). 

Metagonimus spp .  a n d  Haplorchls yokogawal  e n c y s t  i n  f r e s h  w a t e r  f ish .  A s  m u l l e t s  m a y  
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Table  1. Heterophyidae  most f requent ly reported from the h u m a n  intest ine 

Fluke species Snail  hosts H u m a n  cases Recent reports or reviews, 
reported from remarks  

Heterophyes Near  East: Near  East v. Siebold (1852); Looss (1902); 
heterophyes Pirenella conica Khalil (1937); Kuntz & Chandler  
(v. Siebold) (Potamididae) (1956a) 
Stiles & Hassal  

H. nocens Cerithidea cingulata East Asia Ito (1964); Yokogawa et al. (1965); 
Onji  & Nishio ( =  Tympanotonus Seo et al. (1981). Often H, nocens 

micropterus] is considered a subspecies  of 
(Potamididae) H. heterophyes 

Cerithidea East Asia Ito (1964); Yokogawa et al. (1965); 
cingulata Seo et al. (1981) 

Semisulcospira Asia Ito (1964); Yokogawa et al. (1965); 
libertina Seo et al. (1981}. Ito (1964): "The 
(Pleuroceridae) incidence of Metagonimus in the 

h u m a n  body (in Japan)  is 
considered to be  ca 1%, and  yet in 
cer tain local areas the incidence 
of tens  percent  is exhibi ted."  

Sakai  (1962); Ito (1964). In recent  
years general ly  accepted as a 
species different from 
M. yokogawai (Saito, 1973) 

Ito (1964); Kagei et al. (1964); 
Tan tachamrum & Kliks (1978) 

Pygidiopsis summa 
Onji  & Nishio 

Metagonim us 
yokogawai 
Katsurada 

M. takahashfi Semisulcospira East Asia 
Suzuki libertina 

Stellantchasmus Tarebia granifera 
falcatus and other melan i id  
Onji  & Nishio snails  

Haplorchis Melanoides 
yokogawai tuberculatus and 
Katsuta other  melan i id  snails  

Asia, Oceania  

Asia Ito (1964); M a n n i n g  & Lertprasert  
(1970); Mann ing  et al, (1971). 
Africa (1938): " . . .  not only the 
most frequently encountered  in 
man  in this country (Philippines) 
but  also the most frequently 
associated with cardiac failure." 

f r e e l y  m i g r a t e  b e t w e e n  t h e  s e a  a n d  f r e s h  w a t e r ,  m e t a c e r c a r i a e  of t h e  ' c o a s t a l  s p e c i e s '  

m a y  b e  c a r r i e d  i n t o  f r e s h  w a t e r  as  we l l .  

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

Heterophyes  he terophyes  (Fig. 1), t h e  a g e n t  of h u m a n  h e t e r o p h y i a s i s ,  

H O S T  R E C O R D S  

D e f i n i t i v e  h o s t s  

Heterophyes  he terophyes  w a s  f o u n d  i n  E g y p t  i n  t h e  h u m a n  i n t e s t i n e  for  t h e  f i rs t  

t i m e  in  1851 (v. S i e b o l d ,  1852).  La t e r  on,  t h e  n u m b e r  of a u t o p s i e s  m e n t i o n e d  is o n l y  
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Fig. 1. Heterophyes heterophyes from intestine of a cat taken by a scanning electron microscope, os 
= oral sucker; vs = ventral sucker; gt = gonotyl (genital sucker) 

scarce  (Looss, 1902; Khal i l ,  1937). H o w e v e r ,  t he  f luke  has  b e e n  f r e q u e n t l y  d i a g n o s e d  by  

cop ro log i ca l  d i a g n o s i s  (Khalil ,  1937; We l l s  & Blagg ,  1956; N a g a t h y  & Khal i l ,  1964; 
C o b l e  et al., 1968; She i r  & E 1 - S h a b r a w y  A b o u l - E n e i n ,  1970; Rifaat  et al., 1980). As the  
p r e v a l e n c e  of o the r  h e t e r o p h y i d s  in the  a r e a  in q u e s t i o n  is l o w e r  t h a n  that  of H. 

heterophyes (Ta ra schewsk i ,  1984), in E g y p t  th is  d i a g n o s i s  can  b e  a c c e p t e d  as fa i r ly  
re l i ab le .  

Pos i t ive  d i s sec t ions  of d o g s  (Abde l  Az im,  1938; Kuntz  & C h a n d l e r ,  1956a;  W e l l s  & 

Randal l ,  1956; F a h m y  & Se l im,  1959) a n d  cats  (Kuntz & C h a n d l e r ,  1956a;  We l l s  & 

Randal l ,  1956) h a v e  s h o w n  tha t  this p a r a s i t e  is not  spec i f i c  to h u m a n s .  
A f ew w i l d  m a m m a l s  and  b i rds  w e r e  a lso  found  to be  in fec t ed :  Vulpes vulpes, Canis 

aureus, Fells chaus, Milvus migrans (Wells  & Randa l l ,  1956); Pelecanus onocrotalus 
(Looss, 1902). 

Ou t s ide  Egypt ,  t he  f luke  has  b e e n  r eco rded ,  in r e c e n t  years* ,  on ly  in d o g s  a n d  to a 
l e sse r  ex t en t  in cats. M e d i t e r r a n e a n  area:  W i t e n b e r  9 (1929); Ba loze t  & Ca l lo t  (1939); 

• Witenberg (1932) also reported human cases from Palestine (Israel). 
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M i m i o g l u  et al. (1959}; D e i a n a  (1961); H imonas  (1964, 1968, 1977); J emen :  Kuntz & 
C h a n d l e r  (1956a); Iran: Massoud  et  al. (1982); India,  Sri Lanka:  Rao & Ayyar  (1932); 
M a p l e s t o n e  & Bhadur i  (1940); D i s sana ike  (1961); Sen  (1965); Rao & A n a n t a r a m a n  (1967); 
Ra j a seka r i ah  et  al. (1974); in Ind ia  H. heterophyes is cons ide red  an  ex t r eme ly  rare 
pa ra s i t e  of m a n  (Maples tone  & Bhaduri ,  1940); South-Eas t  Asia :  Sega l  et  al. (1968). 

As the  t axonomica l  s tatus of Heterophyes nocens is not  suff ic ient ly  so lved  yet, H. 
heterophyes is somet imes  r eco rded  from East  As ia  also. W h e n e v e r  descr ip t ions  of the 
f lukes  in ques t ion  are  ava i l ab le ,  however ,  it  b ec ome s  c lea r  that  H. nocens is meant .  

S e c o n d  i n t e r m e d i a t e  h o s t s  

Khal i l  (1923) d e t e c t e d  that  mul le t s  serve  as the  second  i n t e rme d ia t e  hosts of H. 
heterophyes. Severa l  spec ies  of M u g i l i d a e  have  b e e n  found infec ted  s ince  then (data 
only  from Egyp t  and  Israel  ava i lab le ) .  Pape rna  & Overs t ree t  (1981) l is ted:  Mugil 
cephalus, M. capito, M. auratus, M. saliens, and  M. chelo as b e i n g  na tura l ly  infected.  
Ma tu re  m e t a c e r c a r i a e  of H. heterophyes were  also o b t a i n e d  e x p e r i m e n t a l l y  from Liza 
subvlrldls and  L. ramada (Taraschewski  & Paperna ,  1981}. 

In add i t i on  to these  Mug i l i dae ,  m a n y  spec ies  of o ther  eu ryha l ine  and mar ine  fishes 
we re  r eco rded  as i n t e r m e d i a t e  hosts: Epinephelus enaeus (Serranidae) ,  Tilapia 
(Sarotherodon) simonis (Cichl idae) ,  Lichia amia, L. glauca (Carangidae) ,  Barbus canis 
(Cypr in idae)  (Witenberg ,  1929), Tilapia (Sarotherodon) nilotica, T. zillii, Solea solea 
(Soleidae) ,  Sciaena aquilla (Sciaenidae)  (Wells & Randal l ,  1956). 

H e t e r o p h y i d  me tace rca r i ae ,  obv ious ly  of H. heterophyes, were  also found in Dicen- 
trarchus labrax, D. punctatus, Sparus auratus, Argyrosoma regius (Paperna  & Overst reet ,  
1981). N o n - m u g i l i d  f ishes  were  also de sc r ibed  as  b e i n g  suscep t ib l e  to expe r imen ta l  
infect ions:  Gambusia affinis (Poeci l ioidae)  (Khalil,  1937), Fundulus parvipinnis (Cyp- 
r inodont idae)  (Kuntz & Chand le r ,  1956a) and  Tilapia (Sarotherodon)mossambica 
(Taraschewski ,  1984). 

Usua l ly  mul le t s  show the  h ighes t  in tens i t i es  of Heterophyesinfections (Khalil, 1937; 
Wel l s  & Randal l ,  1956; P a p e m a  & Overst reet ,  1981). As yet,  the re  is no informat ion 
ava i l ab l e  on w h e t h e r  M u g i l i d a e  are most  suscep t ib l e  or w he the r  it is the habi ta t  
p re fe rence  of these  fish wh ich  m a k e s  them the  p r e d o m i n a n t  i n t e rme d ia t e  hosts. 

F i r s t  i n t e r m e d i a t e  h o s t  

Khal i l  (1937) found the m u d  snai l  Pirenella conica Blainvi l le  to be  the  first inter-  
m e d i a t e  host  of H. heterophyes. Since  then  P. conica na tu ra l ly  infec ted  with  H. 
beterophyes have  b e e n  m e n t i o n e d  by  Mar t in  & Kuntz (1955); Kuntz & C h a n d l e r  (1956al; 
Mar t in  (1959); Ta ra schewsk i  & Pape rna  (1981, 1982). Quan t i t a t ive  da ta  on specific 
p r e v a l e n c e  of this  f luke  in d i f ferent  snai l  popu la t ions  have  b e e n  col lec ted  by Tara-  
s chewsk i  (Fig. 2, T a b l e  2). Cont ra ry  to the  d i s t r ibu t ion  of the  second  in t e rmed ia t e  hosts, 
d i s t r ibu t ion  of P. conica is l imi ted  to the  eas t e rn  and  southern  Med i t e r r anean ,  Red Sea 
and  the Pers ian  Gulf  (Taraschewski  & Paperna ,  1981). As no other  po t amid id  gas t ropod 
is k n o w n  from the  M e d i t e r r a n e a n ,  it can be  c o n c l u d e d  that  this  spec ies  acts as the only 
snai l  host  in the  M e d i t e r r a n e a n .  In India,  however ,  Cerithidea cingulata (syn. Tym- 
panotonus micropterus), the  host  of H. (heterophyes) nocens in East  Asia  (Asada, 1928) 
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probably  is the first in te rmedia te  host. Accord ing  to Evans et al. (1973), both po tamid id  

snails occur in the Pers ian Gulf. Thus in this area too, further inves t iga t ion  into the 
in t ramolluscan part of the life cycle is desired.  

MEDITERRANEAN SEA 

~--8 

4~"{ ~ • 

h 

RED SEA 

Fig. 2. Populations of Pirenella conica examined for prevalence of Heterophyes heterophyes, For 
explanations see Table 2. B = Bardawil Lagoon; S = Siwa Oasis 

ENVIRONMENT OF TRANSMISSION 

As shown by Seo et al, (1981), in Korea p r e v a l e n c e  of tTeterophyes  nocens  and 

laygidiopsis s u m m a  in humans  is concentra ted  a long the coast, where  Ceri thidea cing- 
ulata thrives in lagoons  and estuaries,  wh i l e  M e t a g o n i m u s  y o k o y a w a i  is the dominan t  

heterophyid  inland.  According  to Vohra (1970), C. cingulata occurs in a var ie ty  of wave  
shel tered {subsequently soft sediment)  habitats  ' from brackish  water  to supersa l ted  

fishponds with a sal ini ty range  of 15-45 %°', usual ly  in h igh  popula t ion  densit ies.  In 

Japan,  env i ronmenta l  condit ions such as these  are chiefly found around the ' In land Sea '  

be tween  the major  islands, where  p reva l ence  of H. nocens  in that  country is accord ingly  
highest  (Ito, 1964). 

Pirenella conica is also adap ted  to l agoon  env i ronmen t  (Fig. 3) (Taraschewski  & 

Paperna, 1981, 1982); however ,  sal ini ty to lerance  also includes  the hypersa l ine  range,  
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T a b l e  2. P r e v a l e n c e  ra te  of Heterophyes heterophyes in  Pirenella conica in  Egyp t  and  S u d a n  

S a m p l i n g  Site No. Da te  of No. of No. of P reva-  
s i te  (see s a m p l i n g  s n a i l s  s n a i l s  l e n c e  

Fig. 2) exa -  s h e d d i n g  ra te  
m i n e d  H, hetero- (%) 

phyes 

Hab i t a t  t ype  

L a k e I d k u  1 Apr i l  400 27 7 
1982 

L a k e  2 Apr i l  150 57 38 
B u r u l l u s  1982 

L a k e  
M e n z a l e h  

L a k e  
T i m s a h  

3 Sept .  295 10 3 
1981 

4 Sept.  225 10 4 
1981 

5 Sept .  200 27 14 
1981 

6 Sept .  500 ~ 80 16 
1981 

7 Sept.  375 1 0.3 
1981 

L a k e  8 Apr i l  650 15 2 
Q a r u n  1982 

Suez  
b e a c h  

9 Sept.  250 1 0.4 
1981 

9 Apr i l  540 ~ 10 2 
1982 

H u r g h a d a  10 Apr i l  623 ~ 12 2 
h a r b o r  1982 

S ina i  
M a n g r o v e  

11 Apr i l  500 - - 
1980 

11 Apr i l  630 ~ 3 0.5 
1981 

11 Febr.  200 1 0.5 
1982 

S u d a n  12 Dec, 400 
M a n g r o v e  1980 

b r a c k i s h  wa t e r  lake;  rura l  
e n v i r o n m e n t ;  10 k m  eas t  of 
A l e x a n d r i a  

h u g e  b r a c k i s h  w a t e r  lake;  
s a m p l i n g  s ta t ion  on  b l ack  m u d  
off a s m a l l  town;  p r e v a l e n c e  of 
o the r  t r e m a t o d e s  in P. conica 
very  low 

h u g e  b r a c k i s h  wa t e r  lake;  
i m p o r t a n t  f i shery  g round ;  
d i s t a n c e  to t he  ci ty of Port Said  
d e c r e a s i n g  from Sta t ion  3 to 
S ta t ion  6; S ta t ion  6 at  the  
ou tsk i r t s  of the  city 

s a l ine  i n l a n d  l ake  in the  Suez  
Cana l ;  on ly  one  p o p u l a t i o n  of 
P. conica on  t he  b a t h i n g  b e a c h  
of I s m a e l i a  

s a l i ne  i n l a n d  lake;  rura l  
e n v i r o n m e n t ;  on ly  few 
p o p u l a t i o n s  of P. conica 

n o r t h e r n  e n d  of Gul f  of Suez;  
d e n s e  p o p u l a t i o n  of P. conica 
on  b l a c k  m u d ;  h i g h  
p r e v a l e n c e  of o ther  
h e t e r o p h y i d s  

f i she ry  ha rbo r  of H u r g h a d a ;  
on ly  a f ew h u m a n  s e t t l e m e n t s  
in  vicini ty;  h i g h  p r e v a l e n c e  of 
o the r  h e t e r o p h y i d s  

m a r i n e  l a g o o n  f r i n g e d  by  a 
m a n g r o v e  th icket ;  no h u m a n  
s e t t l e m e n t s  in vic ini ty ;  
a b u n d a n c e  of wa t e r  birds;  
h i g h  p r e v a l e n c e  of 
Heterophyes aequaHs a n d  
o the r  h e t e r o p h y i d s  

m a n g r o v e  th i cke t  on  
u n i n h a b i t e d  i s l and  n e a r  
Suak in ;  a b u n d a n c e  of wa t e r  
birds;  o ther  h e t e r o p h y i d s  very  
p r e v a l e n t  
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~ . ~  ~ ~ ~ . . . . .  

Fig. 3. Pirenella conica (dark dots) on intertidal mud flat (after Taraschewski & Paperna, 1981) 

obviously due to the arid c l imate  of the Near  East. It has b e e n  shown by field observa-  
tions and laboratory exper iments  that  this gast ropod was able  to tolerate  a sal ini ty range  

of 15-80 %0. P. conica also occurs in sa l ine  in land waters  with an a tha lass iohal in ic  ion 
composi t ion such as Lake Qarun  and lakes  of the Siwa Oasis (Fig. 2) (Taraschewski  & 
Paperna, 1981). 

Along the Med i t e r r anean  Coast, the  Ni le  Delta is the major  centre  of a b u n d a n c e  of 
P. conica; dense  popula t ions  are found in each of the great  brackish  wate r  lakes  (Fig. 2). 

Numerous  dense  popula t ions  of P. conica also exist  a long  the she l te red  shore of the 
northern Red Sea. In the Ni le  Delta,  however ,  the accumula t ion  of first and second 

in te rmedia te  hosts and def in i t ive  hosts creates  a u n i q u e  ep idemio log ica l  situation. The  

eutrophic  lakes  serve as nursery and feed ing  grounds  for mul le ts  and other  f ishes of 
commercia l  impor tance  (e.g. Tilapia [Sarotherodon] nilotica) (Khalil, 1937; Paperna  & 

Overstreet ,  1981). Most  of the p resen t -day  43 mi l l ion  Egypt ians  l ive in the del ta  
surrounded by large  numbers  of stray dogs and cats. In addit ion,  - contrary to other  

Medi t e r ranean  countr ies  l ike Tunisia,  where  it is unusual  to consume raw fish (Balozet & 
Callot, 1939) - fresh sal ted mul le t  ' fessikh'  is cons idered  a de l icacy  by many  Egypt ians  

(Khalil, 1937; Rifaat et al., 1980) and is thus probably  the most impor tant  source of 

infection to man. Accord ing  to Khalil  (1937), me tace rca r i ae  inside mul le t  put  on ice 
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(2-4 °C) were  found still a l ive  and infect ive  after 13 days, in sal ted fish for a m a x im u m  of 
7 days. 

PREVALENCE OF INFECTION 

S n a i l s  

A survey of different  habi tats  of Pirenella conica in Egypt  and Sudan (Taraschewski,  
1984) (Fig. 2) revea led ,  that p r eva l ence  of Heterophyes heterophyes was h ighes t  in the 

Ni le  Del ta  (Table 2). At Lake Burullus, 38 % of the snails examined*  shed  cercar iae  of/-/. 
heterophyes* *. At Lake M e n z a l e h  on the outskirts of Port Said, about  16 % infection was 

noted. P reva lence  rates dec reased  wi th  increas ing  dis tance to the city of Port Said (Fig. 2, 

Table  2). At the in land  sal ine lakes  Qarun  and Timsah,  p r eva l ence  rates were  lower than 
in the Delta,  also on the  scarcely  popu la t ed  coast  of the Red Sea, whe re  only a few snails 

were  found infec ted  by H. heterophyes. At the Red Sea two other  Heterophyes spp. (H. 
aequafis, H. dispar], which  have  a more  sylvat ic  cycle  are abundant  (Taraschewski,  
1984). 

F i s h  

Second in t e rmed ia t e  hosts are heav i ly  paras i t ized  by metace rca r i ae  of H. hetero- 
phyes th roughout  the Del ta  and the  sur rounding  Sea  (Khalil, 1937; Wells  & Randall,  

1956; Paperna  & Overstreet ,  1981). In the 1950s, p r e v a l e n c e  rates of Mugil cephalusand 
M. capito of Lake M e n z a l e h  (Fig. 2) were  found to be 100 % or almost  100 % (Wells & 

Randall ,  1956); these  authors  repor ted  s imilar ly  h igh  p r e v a l e n c e  rates of H. heterophyes 
in fish from the in land  Lake Qarun  (Fig. 2), whe re  only a few snails were  found to be 

infected in 1982 (Table 2). 

As to the intensity,  there  is only one report  ava i lab le  from Bardawil  l agoon (Fig. 2), 
east  of the Suez  Canal .  About  10 years  ago, up to 6000 he te rophyid  metace rca r i ae  were  

recorded  per  g r amm of muscle  in Mugil capito and up to about  1000 in M. cephalus 
(Paperna & Overstreet ,  1981). Probably, these  enormous  parasi te  burdens  were  obta ined  

in the ad jacen t  Ni le  Delta, as the env i ronmen t  of Bardawil  lagoon is almost  uninhabi ted.  
This  assumpt ion  is suppor ted  by the fact that young  fish of the l agoon  were  predomin-  

antly infec ted  by Heterophyes aequalis and Stictodora sawakinensis, both of which are 

shown to be  t ransmit ted  in a sylvatic kind of env i ronmen t  (Taraschewski,  in prep.) such 

as that  at Bardawil  lagoon.  Accord ing  to recent  spot checks  by Paperna  (pets. comm.) 

and by Taraschewsk i  (unpubl.), it seems  that  the intensi ty  of infect ion in mul le t  of that 
l agoon  has b e e n  decreas ing.  East of Bardawil  lagoon,  on the Israeli  coast, where  only 

one  ep idemio log i ca l l y  isolated popula t ion  of P, conica exists, H. heterophyes is also 
somet imes  found in la rge  mul le ts  (Paperna & Overstreet ,  1981), which  probably  became  
infected in the Ni le  Delta. He te rophy id  infect ions in young-of - the -year  mul le t  mostly 

consis ted of Stellantchasmus falcatus (Paperna & Overstreet ,  1981). Cercar iae  of this 
species  were  shown to have  the best  v iabi l i ty  at sal ini t ies  r ang ing  from 4.5-9.0 %0 S (Lee 

* Only snails :> 6 mm in length were collected, as no infection was noted in snails below that 
minimal size (Taraschewski & Paperna, 1981, 1982). 
* * Actual prevalence was probably higher, as not all infected snails will have released cercariae 
after experimental treatment. 
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& Cheng,  1970). So these  infections,  ob ta ined  in the low salinity es tuar ies  of the Israeli  

coast, could be  autochthonous.  

D e f i n i t i v e  hos t s  

As to the def ini t ive  hosts, the first quant i ta t ive  data  on human  infect ions b e c a m e  
avai lable  in 1937, At that  t ime, up to 90 % of the school ch i ldren  inves t iga ted  and 22 % 
of the adults near  Lake M e n z a l e h  (Fig. 2) de feca ted  'Heterophyes eggs '  (Khalil, 1937) 

(Fig. 4). Wells  & Blagg (1956) found Heterophyes eggs  in the stools of 36 % of the school 

chi ldren of Baltim at Lake Burullus (Fig. 2). Naga thy  & Khalil  (1964) repor ted  about  10 % 
of the persons inves t iga ted  near  Lake Menza leh  to be  infected.  Final ly  Rifaat et al. (1980) 
found an average  of 2.5 % infect ion in the same area. Thus, l ike other  intest inal  he lmin th  

diseases of humans  the p r eva l ence  of heterophyias is  seems to be decl in ing.  

From the area of the sal ine in land lakes, snails of which  have  b e e n  e x a m i n e d  by 
Taraschewski  (Fig. 2, Table  2), and the Red Sea, no th ing  is known about  the p reva l ence  

of H. heterophyes in humans.  From the Siwa Oasis, however ,  about  300 km inside the 

Libyan Desert  (Egypt), of 42 persons  invest igated,  one defeca ted  Heterophl/es eggs  
(Coble et al., 1968). A l though  two popula t ions  of P. conica have  b e e n  repor ted  from the 

Siwa Depression (Crawford, 1948; Ibrahim, 1975), it is uncer ta in  whe the r  the case 

reported by Coble  et al. can be cons idered  autochthonous.  

Concern ing  the other ver tebra te  hosts in Egypt, all quant i ta t ive  data are older  than 
25 years. In addition, e i ther  the three Egypt ian  Heterophyes spp. are not t rea ted 

separate ly  and data of different  geograph ica l  origin are pooled  (Wells & Randall ,  1956), 
or s ta tements  are very genera l  (Kuntz & Chandler ,  1956a), Proport ional ly large  numbers  

Fig. 4. Embryonated eggs of Heterophyes heterophyes inside the uterus of a fluke 
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of t h e  ca t  a n d  d o g  p o p u l a t i o n  w e r e  i n f e c t e d .  A c c o r d i n g  to r e c e n t  r e p o r t s  f rom G r e e c e  

( H i m o n a s ,  1968, 1977),  16 % (n: 186) of t h e  e x a m i n e d  s t r a y  d o g s  a n d  6 % (n: 123) of s t ray  

ca t s  of t h e  c i ty  of T h e s s a l o n i k i  w e r e  f o u n d  to b e  i n f e c t e d  b y  H. h e t e r o p h y e s .  

C O N C L U S I O N S  

L a b o r a t o r y  e x p e r i m e n t s  w i t h  16 d i f f e r e n t  d e f i n i t i v e  h o s t s  ( T a r a s c h e w s k i ,  i n  p rep . )  

h a v e  s h o w n  ( T a b l e  3) t h a t  ( b e s i d e s  h u m a n s )  p r o b a b l y  o n l y  C a n i d a e  a n d  ca t s  a re  

s u s c e p t i b l e  to  H e t e r o p h y e s  i n f e c t i o n ;  i n  t h e s e  a n i m a l s  t h e  f l u k e s  r e a c h  a l i fe  s p a n  of 

Table  3. Susceptibi l i ty of different definit ive hosts to infection by Heterophyes  he terophyes  

Hosts No. of animals  Flukes reach Days of Recovery rates 
sacrificed sexual  maturi ty life span (%) (3-25 d p.i.) 

M a c a c a  irus 2 -- < I2 0-15 
Ra ttus norvegicus  5 -- < 16 0-94 
R. t iomanicus 7 -- < 18 0-71 
R. rattus 5 -- < 8 0-29 
Canis farniliaris 5 + ~ 60 61-83 
A l o p e x  lagopus 4 + > 23 66-93 
Vulpes  vulpes  7 + -- 60 55-91 
Felis catus 14 + 60-120 32-81 
M e l e s  rneles 1 -- < 6 0 
Muste la  putorius  furo 4 - -  < 3 0 

Martes  foina 1 - -  < 6 1 
Sus scrofa 2 -- < 14 0-12 
Egretta gularis 2 -- < 3 0 
Ardeola ibis × 

Nyct icorax  nyct icorax 1 -- < 9 0 
Larus argentatus 4 -- < 9 0-30 
L r id ibundus  3 -- < 3 0 

a b o u t  2 to  4 m o n t h s .  C o n s i d e r i n g  t h e  l a r g e r  s i z e  a n d  g r e a t e r  a m o u n t  of u t e r i n e  eggs ,  

C a n i d a e  t u r n e d  o u t  to  b e  b e t t e r  h o s t s  t h a n  cats .  In  a l l  t h e  o t h e r  h o s t s  u t e r i n e  e g g s  d i d  no t  

b e c o m e  e m b r y o n a t e d  a n d  l i fe  s p a n  d i d  n o t  e x c e e d  14 days .  

As  f l u k e s  f r o m  t h e  h u m a n  i n t e s t i n e  w e r e  f o u n d  to h a v e  a s i m i l a r  s ize  to  t h o s e  f rom 

d o g s  ( K u n t z  & C h a n d l e r ,  1956 a), h u m a n s  c a n  b e  c o n s i d e r e d  s u i t a b l e  hos t s .  

B e s i d e s  d o g s  a n d  ca ts ,  C a n i s  a u r e u s ,  V u l p e s  v u l p e s ,  F e l i s  c h a u s  a n d  M i l v u s  m i g r a n s  

m a y  a l so  ac t  as  r e s e r v o i r  h o s t s  ( t h e s e  s p e c i e s  b e s i d e s  d o g s  a n d  ca t s  w e r e  f o u n d  n a t u r a l l y  

i n f e c t e d  b y  W e l l s  & R a n d a l l ,  1956). H o w e v e r ,  p r o b a b l y  o n l y  d o g s  s e r v e  as  i m p o r t a n t  

r e s e r v o i r  hos t s .  C a t s  do  n o t  d e f e c a t e  o n  w e t  s u b s t r a t e  a n d ,  as  t h e  E g y p t i a n  h u m a n  

p o p u l a t i o n  r a p i d l y  i n c r e a s e s ,  w i l d  a n i m a l s  a r e  b e c o m i n g  ra re .  

A c c o r d i n g  to  I to {1964), i n  J a p a n  M e t a g o n i m u s  y o k o g a w a i  is  f o u n d  m o r e  f r e q u e n t l y  

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

to t h e  p r e v a l e n c e  of t h i s  f l u k e  i n  I n d i a  or  i n  G r e e c e  for  i n s t a n c e .  In  Egyp t ,  h o w e v e r ,  it is 

u n c e r t a i n  w h e t h e r  d o g s  or  h u m a n s  ac t  as  t h e  p r e d o m i n a n t  d e f i n i t i v e  hos t s .  
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Fig. 5. Growth of P. conica naturally infected by heterophyids (H. heterophyes, H. aequalis, 
Stictodora sawakinensis) within 2 months. Ordinate: snail length in ram; abscissa: initial length of 
snails in ram; base column: initial length; undotted column: growth of uninfected snails (Zn: 297); 

dotted column: growth of infected snails (Zn: 259) 

H o s t - p a r a s i t e  r e l a t i o n s  

Little inves t iga t ion  has b e e n  conduc ted  on the ques t ion  of how in te rmed ia t e  and 

def ini t ive  hosts of H. heterophyes are affected by the fluke. 

Snails 

After the snails have  inges ted  the f luke eggs,  the embryonic  d e v e l o p m e n t  of H. 

heterophyes is p re sumab ly  s imilar  to that  of H. aequalis, descr ibed  by Kuntz & Chand le r  
(1956b). Rediae,  p roduc ing  cercariae,  w e r e  found ins ide  the d iges t ive  g lands  (Tara- 
schewski  & Paperna,  1981). From growth expe r imen t s  with snails na tura l ly  infected with 

heterophyids  (H. heterophyes, H. aequalis, Stictodora sawakinensis), it becomes  con- 

spicuous that be low 10 mm initial  size, growth of infected and of un in fec ted  spec imens  
was about  the same (Fig. 5). Above  10 m m  ini t ial  length,  infec ted  snails showed  

enhanced  growth w h e n  compared  to the un in fec ted  snails (Taraschewski ,  1980). Thus it 

can be suspected that he te rophyid  t rematodes  have  some de t r imenta l  in f luence  on 

reproduct ion of Pirenella conica, as was shown in other re la t ionships  b e t w e e n  snails and 
flukes. 

Fish 

Nothing is known about  the pa thogen ic i ty  of H. heterophyes ins ide  the second 
in te rmedia te  hosts. There  is only one inves t iga t ion  ava i lab le  on Stellantchasmus fal- 
catus infections in MugiI cephalus (Lee & Cheng,  1970). These  authors repor ted  that  " the  

presence  of the parasite,  e v e n  w h e n  unencys ted ,  results in the necrot ic  degene ra t i on  of 
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the sur rounding  musc le  cells, espec ia l ly  those s i tuated at the anterior  or posterior ends of 
the parasite.  Large, vacuo la ted  fat c e l l s . . ,  are usua l ly  found fi l l ing the spaces vacated by 

necrot ic  musc le  cel ls"  (Lee & Cheng,  1970). 
As those mul le ts  h igh ly  infected with Heterophyes metacercar iae ,  reported by 

Paperna  & Overs t ree t  (1981), were  still found alive, one may conclude  that the viabil i ty 
of mul le t s  is not much  affected by the p resence  of the Heterophyes metacercar iae  in their 

muscles.  Still, inves t iga t ion  on the pa thogen ic i ty  of Heterophyes heterophyes in diffe- 

rent  fish hosts is needed .  
Metace rca r i ae  in expe r imen ta l ly  infec ted  Gambusia affinis (Khalil, 1937) and 

Tilapia (Sarotherodon) mossambica (Taraschewski,  1984) b e c a m e  infect ive about  20 

days post infect ionem. 

Fig. 6. Heterophyes spec. in small intestine of a cat. Big arrow: ventral sucker clinging to host 
mucosa; small arrow: oral sucker feeding on host tissue 
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Definitive hosts 

Ins ide  e x p e r i m e n t a l l y  i n f e c t e d  d e f i n i t i v e  hosts,  m e t a c e r c a r i a e  of H. heterophyes 
w e r e  s h o w n  (dogs:  Khal i l ,  1937; cats: T a r a s c h e w s k i ,  1984) to excys t  a b o u t  4 h af ter  oral  
app l i ca t ion .  E x c y s t m e n t  took  p l a c e  in t he  u p p e r  s m a l l  i n t e s t i n e  ( T a r a s c h e w s k i ,  1984) or  

in t he  d u o d e n u m  (Khali l ,  1937). F r o m  14. heterophyes ( H a m d y  & Nico la ,  1981), 

Metagonimus J/okogawai (Ito, 1964) a n d  Haplorchis yokogawai (Afr ica  e t  al., 1940) it ha s  
b e e n  d e s c r i b e d  tha t  af ter  e x c y s t m e n t ,  t he  j u v e n i l e  f lukes  p e n e t r a t e  in to  t he  i n t e s t i na l  

g l ands  or  in to  the  t i s sue  of t he  mucosa .  Af te r  a f e w  days  t h e y  n o r m a l l y  r e tu rn  to the  

in tes t ina l  l u m e n ,  w h e r e  t h e y  a d h e r e  to the  m u c o s a  by  the i r  v e n t r a l  s u c k e r  (Fig. 6). By 
m e a n s  of the i r  ora l  s u c k e r  t h e y  f e e d  on  the  hos t ' s  m u c o s a l  t i s sue  (Fig. 6). 

F rom the  d a t a  on  14. heterophyes, it s e e m s  tha t  t he  p l a c e  of p r i m a r y  a t t a c h m e n t  to 

the  m u c o s a  is in the  s a m e  par t  of t he  sma l l  i n t e s t i n e  as the  p l a c e  of e x c y s t m e n t  w h e r e  the  

f lukes  are  still  found  one  or two  m o n t h s  l a te r  (in s u i t a b l e  hosts) (Ta ra schewsk i ,  1984). 
W h e n  the  s i te  of a t t a c h m e n t  of j u v e n i l e  f lukes  3 d p.i. (days pos t  i n f e c t i o n e m )  is 

c o m p a r e d  to that  of s e x u a l l y  m a t u r e  f l ukes  10-120  d p.i.  it a p p e a r s  tha t  - d u e  to t he  
in tes t ina l  mo t i l i t y  - t h e y  a re  jus t  p a s s i v e l y  c a r r i e d  s l i gh t l y  b a c k w a r d s  (Fig. 7). I n d e p e n -  

d e n t  of the  spec i e s  of host ,  14. heterophyes g e n e r a l l y  p re fe r s  the  m i d d l e  par t  of the  sma l l  
i n t e s t i ne  (Fig. 7). 

In s o m e  cases,  s e x u a l l y  m a t u r e  h e t e r o p h y i d s  w e r e  found  s tuck  in the  i n t e s t i na l  wal l ,  

f rom w h e r e  the i r  e g g s  cou ld  b e  in f i l t r a t ed  in to  d i f f e ren t  o r g a n s  by  w a y  of t h e  b l o o d  
s t r eam or l y m p h a t i c  s y s t e m  (see r e v i e w  by  Ito, 1964). In J a p a n ,  w h e r e  Metagonimus 
yokogawai is t he  mos t  p r e v a l e n t  h e t e r o p h y i d  spec ies ,  n o t h i n g  is k n o w n  a b o u t  fa ta l  

h u m a n  cases  d u e  to such  e g g s  (Ito, 1964). In t he  Ph i l i pp ines ,  h o w e v e r ,  w h e r e  Haplorchis 
yokogawai is the  mos t  p r e v a l e n t  s p e c i e s  in  h u m a n s ,  Af r i ca  et  al. (1940) e s t i m a t e d  tha t  

15 % of t he  fatal  hea r t  cases  r e s u l t e d  f rom h e t e r o p h y i d  myoca rd i t i s .  In a se r i e s  of pape r s ,  

iq 
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Fig. 7. Distribution of juvenile and mature Heterophyes heterophyes throughout the small intestine 
of experimentally infected definitive hosts. Ordinate: n flukes; abscissa: 16 segments of small 
intestine. Narrow striped bars = Juvenile flukes (3 d p.i., n: 358 from 9 cats and 3 foxes), Broad 

dotted bars = Mature flukes (10-120 d p.i., n: 862 from 9 cats and 3 foxes) 
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s u m m a r i z e d  in  1940, t h e s e  a u t h o r s  r e p o r t e d  m a n y  f i n d i n g s  of h e t e r o p h y i d  e g g s  in  the  

t i s s u e s  of h u m a n  b e i n g s  a u t o p s i e d  in  t h e  P h i l i p p i n e s .  

O n l y  in  t w o  c a s e s  w e r e  e g g s ,  a s s i g n e d  to I-t. heterophyes,  f o u n d  e n c a p s u l a t e d  in  the  

h u m a n  b r a i n  ( C o l l o m b  e t  al.,  1960). In a n o t h e r  case ,  a n  e g g  a t t r i b u t e d  to t-I. nocens w a s  

d e t e c t e d  i n s i d e  a t u m o r  of an  i n f l a m e d  a p p e n d i x  (Ito, 1964). 

S y m p t o m s  of i n t e s t i n a l  h e t e r o p h y i a s i s  s e e m  to b e  - as  u s u a l  - d e p e n d e n t  on  the  

i n t e n s i t y  of i n fec t ion .  H e a v y  in fec t ions ,  a c c o r d i n g  to Kha l i l  (1937), a re  a c c o m p a n i e d  by  

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

S i m i l a r  s y m p t o m s  a re  d e s c r i b e d  for h u m a n  i n f e c t i o n s  b y  Metagonimus  yokogawai,  
w h e r e  t h e  l i t e r a t u r e  is m u c h  m o r e  c o m p r e h e n s i v e  (Ito, 1964). 

E x p e r i m e n t a l l y  i n f e c t e d  d o g s  s t a r t e d  d e f e c a t i n g  e g g s  (Fig. 4) of H. heterophyes  8 d 

p.i. ( W i t e n b e r g ,  1929); e x p e r i m e n t a l l y  i n f e c t e d  ca t s  o n  d a y  9 (Khali l ,  1937). A s s u m a b l y  

t h e  p r e p a t e n t  p e r i o d  a l so  in  h u m a n s  wi l l  b e  a b o u t  7 days ,  w h i l e  f l u k e s  m a y  h a v e  a life 

s p a n  of 1 to 4 m o n t h s ,  as  s h o w n  f rom i n f e c t e d  C a n i d a e  a n d  ca t s  (Tab le  3). 

Acknowledgement. Thanks are due to Prof. B. Loos-Frank for critical revision of the manuscript and 
reading the proofs. 
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