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Introduction

The genus Eurytrema belongs to the family

Dicrocoeliidae and two species of the genus,

E. pancreaticum and E. coelomaticum, occur

in Japan. These two species are parasitic in

the pancreatic duct and occasionally in the

bile duct of final hosts. E. pancreaticum has

been reported from cattle, water-buffaloes,

goats, pigs, deer, Bactrian camels, hares, man

and others, and E. coelomaticum from cattle,

goats, sheep, Bactrian camels, and so on (Ya-

maguti, 1971). Recently small laboratory ani

mals such as nude mice were experimentally

infected with E. coelomaticum in addition to

laboratory rabbits (Sakamoto et al., 1981) but

no experimental infection has been carried out

on carnivores.

Materials and Methods

The specimens of E. pancreaticum and E.

coelomaticum were obtained from the pan

creatic duct of cattle slaughtered in Fukuoka

and Tokyo respectively, and the uterine eggs

were used for experiments. Snail hosts,

Bradybaena similaris, were infected with the

eggs after the technique of Chinone and Ita-

gaki (1976); A thin small piece (5X5 mm)

of the feed prepared for freshwater snails after

a modified Standen's formula (Oshima et al.,

1969) was put in a small amount of water

dropped on a slide glass, and then excess
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water was absorbed with filter paper. Eggs,

less than 5 in number, were pipetted on the

small pieces of feed under a stereoscopic micro

scope of 100 to 200 magnifications. A single

host snail was then fed on the piece of feed

with eggs. Twenty five infected snails were

kept in a plastic container (180 X130 X 45 mm)

with a slip punctured with a nail and a layer

of small pebbles of 1 cm thickness on the

bottom. The containers were incubated at

26 C. The snails were fed on lettuce and

a piece of cuttlebone for supply of calcium.

Lettuce was supplied every 2 days when the

containers were cleaned.

Daughter sporocysts were liberated from the

snails 80 to 90 days after infection. Two

daugher sporocysts were given to each of

insect hosts, Conocephalus chinensis. The in

sects were fed on powdered fish-meal and 5%

sucrose solution ad libitum. Plastic containers

(200X120X110 mm) each with 20 infected

grasshoppers were kept in the laboratory from

June to September in 1980 and 1981.

Cats used for the experiments were 11 kit

tens, 2 to 4 months old, and 3 adults. The

animals were infected by two methods : One

is to feed the animals on the grasshoppers

inoculated with daugher sporocysts more than

30 days before and the other is to feed on

a given number of metacercariae obtained

from the hemocoel of the grasshoppers.

The flukes recovered at autopsy were fixed

in 70% alcohol after flattened between two

slides and stained with van Cleave's combina

tion hematoxylin. Measurement was taken of

(29)



30

Table 1 Experimental infection of domestic cats with E. coelomaticum

Days from inocu

lation to autopsy

No. of metacercariae

or infected grass

hoppers*

No. of worms

recovered

Recovery rate

of worms (%)

10

54

60

60

74

90

236

3 grasshoppers*

1,000

450

3 grasshoppers*

500

3 grasshoppers*

3 grasshoppers*

52

0

27

0

0

0

3

0

6.0

0

0

0

* When grasshoppers infected with metacercariae were fed to cats, the number of

metacercariae ingested was not determined.

Table 2 Experimental infection of domestic cats with metacercariae of E. pancreaticurn

Days from inoculation
to autopsy

9

12

47

60

90

90

230

No. of metacercariae

280

296

200

200

160

400

180

No. of worms

recovered

47

38

30

36

2

8

11

Recovery rate of

worms (%)

16.8

12.8

15.0

18.0

0.19

2.0

6.1

the mounted preparations. The average diam

eters (ad) of the sucker, testis and ovary were

culculated by the equation as follows :

i_ maximum length+ maximum width
ad

Results

Four kittens were each given three infected

grasshoppers and the other kittens each were

fed E. coelomaticum metacercariae obtained

from the hemocoel of the insects. The flukes

were recovered from 3 of the 7 animals:

infection rate was 42.8% and the number of

worms recovered ranged 3 to 52. Two of

the three infected kittens had been inoculated

with grasshoppers and the other one with

metacercariae, a recovery rate of worms being

6.0% (Table 1). This shows that infection

was established by oral inoculation both with

infected grasshoppers and with metacercariae.

So, hereafter, experiments were performed

by feeding of metacercariae. As shown in

Table 2, all the seven cats inoculated with

metacercariae of E. pancreaticum were infect

ed and infection rate was 100%. The recov

ery rate of worms ranged 0.16 to 18.0%

with a mean of 10.12% and the number of

worms recovered ranged 2 to 47 (Table 2).

Consequently, the cat was more susceptible

to E. pancreaticum than to E. coelomaticum.

Morphology of E. coelomaticum from

cats: Juvenile flukes recovered at day 10

after inoculation were club-shaped, 0.59 —

0.72X0.18-0.20 (0.65±0.06X0.19±0.006, av

erage) mm in size and the esophagus, phar

ynx, intestine and genital anlages were already

formed. The oral and the ventral suckers

were 0.073-0.088 (0.083 ±0.009 average) mm

and 0.090-0.150 (0.10±0.01, average) mm

in average diameter respectively, and the oral

sucker was smaller than the ventral one, with

a ratio of the ventral sucker to the oral one

of 1.20-1.29 (1.24 ±0.04 average). The

flukes at day 60 after inoculation were 0.95 —
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Table 3 Measurements (in mm) of E. coelomaticum of different developmental

stages from experimentally infected cats

Days after inoculation 10

No. of worms recovered (No. of worms measured) 52 (6)

Body length

Body width

Distance from anterior end of body to

sucker

Oral sucker (Average diameter*)

Ventral sucker (Average diameter*)

Ratio of body length to body width

Ratio of body length to distance from
end of body to ventral sucker

Ratio of ventral sucker to oral sucker

Cirrus pouch (Length)

Right testis (Average diameter*)

Left testis (Average diameter*)

Ovary (Average diameter*)

Eggs {jam)

ventral

anterior

0.59-0.721
(0.65±0.06)

0.18-0.20

(0.19±0.006)

0.33-0.41

(0.37±0.03)

0.073-0.088

(0.083 ±0.009)

0.090-0.150

(0.10±0.01)

2.94-3.67

(3.37±0.38)

1.54-1.92

(1.74±0.20)

1.20-1.29

(1.24±0.04)

60

27 (8)

0.95-2.50T
(1.48±0.59)

0.30-1.09

(0.57±0.13)

0.54-1.15

(0.75±0.20)

0.12-0.26

(0.17±0.05)

0.140-0.290

(0.22±0.06)

2.05-3.33

(2.77±0.75)

1.66-2.17

(1.91±0.21)

1.12-1.88

(1.32±0.28)

0.34

0.17

0.11

0.088

236

3 (3)

4.60-6.50T
(5.86±0.09)

2.20-2.40

(2.30±0.10)

2.20-3.10

(2.68±0.41)

0.43-0.55

(0.48±0.06)

0.52-0.63

(0.56±0.05)

2.00-2.95

(2.55±0.49)

2.02-2.40

(2.17±0.20)

1.10-1.26

(1.17±0.08)

1.24-1.36

(1.30±0.07)

0.37-0.40

(0.39±0.01)

0.32-0.34

(0.33±0.01)

0.27-0.37

(0.32±0.07)

42.1-54.5X28.0-34.7

(48.7±2.7X31.7±1.4)

Average diameter = (maximum length +maximum width)/2

t Mean±S.D.

2.50X0.30-1.09 (1.48±0.59X0.57±0.31, av

erage) mm in size and were different in devel

opment. The well developed parasites already

had the testes, ovary, seminal receptacle,

and vitelline glands. The seminal vesicle in

cluded spermatozoa but no eggs were observed

in the uterus (Fig. 1). The oral and the

ventral suckers were 0.12-0.26 (0.17 + 0.05,

average) mm and 0.14-0.29 (0.22 + 0.06, av

erage) mm in average diameter respectively,

with a ratio of the ventral to the oral sucker

of 1.12-1.88 (1.32±0.28, average). The ra

tio of body length to the distance from the

anterior end of body to the posterior end of

the ventral sucker was 1.66-2.17 (1.91±0.21

average), so the ventral sucker was situated

slightly anterior to the middle of body. The

flukes obtained at day 236 after inoculation

were completely matured. The ventral suck

er was situated more anteriorly than in flukes

of day 60. The seminal vesicle was club-

shaped and large, 1.24-1.36(1.30±0.07, aver

age) mm in length, being full of spermatozoa.

The testes were circular or elliptical in shape

and were situated posterior to the ventral

sucker. The right testis was 0.39±0.01 mm

and the left one 0.33±0.01mm in average

diameter. The ovary, subcircular in shape,

was 0.27 to 0.37 mm with an average diameter

of 0.32±0.07mm and was situated innerpos-

terior to the left testis. The seminal recepta

cle was situated interior to the ovary, contain

ing many spermatozoa. The penetration

glands were observed throughout the develop

mental stages (Figs. 3, 4). Mature eggs were

shed in the feces of the cats and measured

48.7±2.7X31.7+1.4/nn in average size.

Morphology of E. pancreaticum from
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Fig. 1 Immature specimens of Eurytrema coelomaticum from an experimentally infected cat,

60 days after inoculation. (Scale : 1 mm)

Fig. 2 Mature specimen of E. coelomaticum, 236 days after inoculation. (Scale : 2 mm)

Fig. 3 Showing penetration gland cells (arrows) in a fresh specimen of E. coelomaticum, 236
days after inoculation.

Fig. 4 The same specimen as that in Fig. 3.

Fig. 5 Eggs of E. pancreaticum in stool of a cat. (Scale : 50 pm)

Fig. 6 Metacercariae of E. pancreaticum (upper arrow) and E. coelomaticum (lower arrow).

Scale : 0.4 mm

cats : Juvenile flukes of day 9 after inocu

lation had the larger ventral sucker than the

oral one just as in E. coelomaticum. In the

flukes of day 47 we recognized the formation

of the testis and ovary but not of the vitelline

glands and uterine eggs (Fig. 7). The flukes
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7 8

Fig. 7 Immature specimen of E. pancreaticum from an experimentally

infected cat, 47 days after inoculation. (Scale : 2 mm)

Fig. 8 Mature specimen of E. pancreaticum, 60 days after inoculation.

(Scale : 2 mm)

Fig. 9 Mature specimen of E. pancreaticum, 90 days after inoculation:

(Scale : 2mm)

Fig. 10 Mature specimen of E. pancreaticum, 230 days after inoculation.
(Scale : 2 mm)

of day 60 were almost the same in size as

those of day 47 but already had the testis

and ovary in addition to the vitelline glands.

The uterus and seminal vesicle were full of

eggs and spermatozoa respectively (Fig. 8).

At day 90 the parasites were rapidly developed

and the testis and ovary became lobulated,

lobulation of the testis being a characteristic

(33)
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Table 4 Measurements (in mm) of E. pancreaticu?n in different developmental

stages from experimentally infected cats

Days after inoculation

No. of worms recovered

(No. of worms measured)

Body length

Body width

Distance from anterior end

of body to ventral sucker

Oral sucker (Average
diameter*)

Ventral sucker (Average
diameter*)

Ratio of body length to

body width

Ratio of body length to

distance from anterior end
of body [to ventral sucker

Ratio of ventral sucker to
oral sucker

Cirrus pouch (Length)

Right testis (Average

diameter*)

Left testis (Average

diameter*)

Ovary (Average diameter*)

Eggs (jum)

9

47(9)

0.56-0.69T
(0.65±0.

0.20-0.

(0.22±0.

0.09-0.

(0.10±0.

04)

24

01)

10

01)

0.10-0.14

(0.12 + 0.

2.40-3.

(2.88±0.

1.02-1.

(1.20±0.

01)

30

26)

48

14)

47

38(20)

2.12-4.00T

(3.31±0.44)

0.84-1.81

(1.50±0.22)

1.15-2.06

(1.79±0.02)

0.28-0.51

(0.45±0.06)

0.26-0.51

(0.44±0.06)

1.68-3.47

(2.23±0.35)

1.16-2.95

(1.86±0.27)

0.74-1.18

(0.98±0.09)

0.26-0.62

(0.46±0.08)

60

30(18)

2.12-4.181
(3.25±0.60)

0.96-2.00

(1.56±0.29)

1.06-2.50

(1.80±0.35)

0.22-0.53

(0.43±0.08)

0.28-0.56

(0.46±0.07)

1.59-3.57

(2.10±0.42)

1.67-1.92

(1.81±0.08)

0.94-1.16

(1.12±0.22)

0.25-0.67

(0.49±0.11)

0.08-0.28

(0.21±0.05)

0.08-0.31

(0.21±0.05)

0.07-0.25

(0.15±0.04)

90

10(8)

5.30-6.99t
(6.49±0.57)

2.61-3.23

(2.93±0.19)

3.07-3.99

(3.63±0.32)

0.75-1.00

(0.91 + 0.08)

0.73-1.00

(0.86±0.08)

2.00-2.38

(2.21 ±0.12)

1.72-1.90

(1.78±0.06)

0.95-1.21

(1.06±0.07)

0.93-1.34

(1.16±0.13)

0.50-0.86

(0.68 + 0.14)

0.41-0.92

(0.69±0.17)

0.35-0.48

(0.42±0.04)

230

11(7)

6.84-9.611
(8.92±1.08)

4.07-4.61
(4.37±0.24)

3.69-5.22

(4.06±0.53)

1.10-1.40

(1.24±0.10)

1.18-1.46

(1.31±0.09)

1.67-2.14

(2.02±0.16)

1.84-1.96

(1.93±0.10)

0.98-1.13

(1.05±0.05)

1.33-1.68

(1.46±0.13)

0.34-0.96

(0.57±0.23)

0.34-0.87

(0.59±0.22)

0.45-0.60

(0.53±0.05)

44.6-54.IX

(50.6d
29.2-34.5

: 1.9X

31.5+ 1.2)

* Average diameter= (maximum length +maximum width)/2

t Mean±S.D.

feature of E. pancreaticum. Eggs filled all

the course of uterus and reached the genital

orifice (Fig. 9). The full-grown specimens at

day 230 were apparently larger than those

of E. coelomaticum of day 236. The oral

and the ventral suckers were almost the same

each other in size and the ventral sucker

was situated more posteriorly than in E.

coelomaticum, near the middle of body. The

testes were irregular in shape and deeply

lobulated and were situated lateral to the ven

tral sucker along the lateral edges of body.

The ovary was irregular in shape and was

composed of 3 to 5 lobules, being situated

innerposteriorly to the left testis. The pene

tration glands were not detected in any devel

opmental stage (Fig. 10).

Experimental infection of the intermedi

ate hosts with E. pancreaticum from cats :

Snail hosts, Bradybaena similaris, were

orally given mature eggs of E. pancreaticum

collected from the uterus of the flukes at day

230 after inoculation to cats, and then the

snails were kept at 26 C. Daughter sporo-

cysts were passed out of the snails 75 to 95

days after inoculation (Fig. 11). The daugh

ter sporocysts were then given to the insect

hosts, Conocephalus chinensis, and metacer-
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35

100 105 110 115

30-

20-

10-

105 110 115

Days after infection

120 125

Fig. 11 Shedding rhythm of daughter sporocysts from land snails, Bradybaena similaris infected

with eggs of Eurytrema pancreaticum from domestic cats.

cariae were recovered from the hemocoel of

the insects 35 days after inoculation. The

metacercariae were matured and 388.4X269.0

//m in average size and the cyst wall was 20.1

/im in thickness.

Experimental infection of the first and

second intermediate hosts with E. coelomati

cum was not performed.

Discussion

The genus Eurytrema includes such species-

as pancreaticum, coelomaticum, dagi from

zebus, medium from sheep, tonkinensis from

cattle, satoi from macaques, ovis from sheep

and goats, parvum from cattle, rebelle from

dogs (Yamaguti, 1971), escuderoi from cattle

and waterbuffaroes (Eduardo, 1976), fukienen-

sis from a goat, hydropotes from Chinese

water deer, and cladorchis from cattle and

goats (Tang and Tang, 1978). Of these spe

cies only rebelle was reported from carniv

orous mammals. The genus Concinnum,

also belonging to the family Dicrocoeliidae,

is most closely related to the genus Eurytrema

but differs in final host species. Most species

of Concinnum have been reported from car-

nivoires: ten from foxes, raccoon dogs and

martens (Yamaguti, 1971 ; Uchida et al., 1976),

concinnum from Oriental civets, brumpti

from chimpanzees and gorillas, dathei from

mangooses, epomopis from epauleted bats,

minense from armadillos, peromysci from

white-footed mice, planiceps from flat-headed

cats, procyonis from raccoons, eastern gray

foxes and domestic cats, and vulpis from

red foxes (Yamaguti, 1971). The present ex

periments revealed that the genera Eurytre

ma and Concinnum resemble each other not

only in morphology and life cycle but also in

the infectivity to carnivorous mammals. But

E. pancreaticum was more infective to cats

than E. coelomaticum : This was shown by

the following results of the experiments : First,

infection rate was higher (100%) in pan

creaticum than in coelomaticum(42.5%). Sec

ondly, the average recovery rate of worms

was higher in pancreaticum (10.1%) than in

coelomaticum (6%). Thirdly, the full-grown

specimens of pancreaticum and coelomaticum

were smaller than those from natural hosts,

but they were sexually matured. The full-

grown specimens of pancreaticum at day 240

( 35 )
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Table 5 Measurements (in mm) of Eurytrema pancreaticum and E. coelomaticum from

different species of hosts

Host
Age in

days

Measurements of flukes

(mean+S.D.)

Experimental
or natural
infection

Authority

Hares

Cattle

Cattle

E. pancreaticum Laboratory o^q
rabbits

Cattle

Cats 230

Cattle

Cattle

Cattle

E. coelomaticum Hares

Nude mice 265

(BALB/c-n/+)

Cats 236

8.5-14.5X3.0-4.6

9.5-16.0X5.5-8.5

11.0-13.0X6.5-9.5

(11.33X7.44)

9.08-11.4X4.2-4.5

(10.5X4.30)

16.0-20.3X7.1-8.4

(18.44±1.33X7.61 + 0.47)

6.84-9.61X4.07-4.61

(8.92±1.08x4.37+0.24)

5.0-8.0X3.0-5.0

5.92-10.34X1.85-4.27

10.2-12.2X3.5-6.4

(11.39+0.55X5.03+0.76)

6.10-11.2X2.12-4.55

(8.26 + 1.52x3.33±0.77)

6.55+10.20x2.45-3.46

(8.62±1.19x3.11 + 0.31)

4.60-6.50X2.20-2.40

(5.86±1.09x2.30+ 1.00)

Natural

Natural

Natural

Experimental

Natural

Experimental

Natural

Natural

Natural

Natural

Experimental

Experimental

Kurisu (1931)

Watanabe (1960)

Eduardo et al. (1976)

Chinone & Itagaki

(1976)

Moriyama et al. (1980)

The present authror

Watanabe (1960)

Eduardo et al. (1976)

Moriyama et al. (1980)

Sakamoto (1981)

Sakamoto et al. (1981)

The present authors

after inoculation were smaller than those col

lected from cattle but were almost the same in

size as those from experimentally infected rab

bits (Chinone and Itagaki, 1976). Those of

coelomaticum at day 236 were also smaller

than those from naturally infected cattle and

hares (Watanabe, 1960 ; Eduardo et al., 1976 ;

Sakamoto, 1981 ; Moriyama et al., 1980) and

those from experimentally infected nude mice

(Sakamoto et al., 1981). The feline specimens

of coelomaticum differed from those of pancre

aticum in the existence of 12 pairs of pene

tration gland cells in all the developmental

stages of coelomaticum from days 10 to 236.

The penetration gland cells, which Tang and

Tongmin (1980) first observed in excysted

metacercariae of pancreaticum, are usually

not found in the flukes parasitizing final hosts,

so the existence of the cells in the coeloma

ticum specimens from cats shows that the

susceptibility of cats is lower to coelomaticum

than to pancreaticum. Fourthly, the life cycle

of pancreaticum from cats was completed in

landsnails, grasshoppers, and cats. And fur

ther, the eggs of pancreaticum shed by the

experimentally infected cats were matured,

whereas those of coelomaticum were mostly

underdeveloped.

Much confusion has arisen on the validity

of the species E. coelomaticum which might

be synonymous with E. pancreaticum.

Pryadko (1962) came to a conclusion that E.

coelomaticum and E. media were synonymous

with E. pancreaticum with his many mea

surements of pancreas fluke specimens. But

recent comparative studies on the life cycle

of E. pancreaticum and E. coelomaticum

revealed the differences in the morphology

of daughter sporocysts, testis and ovary, and

in the ratio of body length to the distance

from the anterior tip of body to the posterior

end of ventral sucker (Tang et al., 1979 ;

Chinone et al., 1981). And further the study

of karyotype of pancreas flukes from cattle

drew a clear distinction between the two spe

cies (Moriyama et al., 1980). The present

study of the fluke specimens from different

species of hosts showed the most useful criteria
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distinguishing between the species to be the

size of body, morphology of the testis and

ovary, and the ratio of body length to the

distance between the anterior tip to the ven

tral sucker. The ratio of the ventral to the

oral sucker in average diameter, however,

ranged from 0.98 to 1.13 (1.05±0.05, average)

in the specimens of E. pancreaticum from

cats though it was reported to be less than

1.0 in E. pancreaticum and so, to be one of

the useful features for identification of the

species (Nosaka et al., 1970).

The penetration gland cells were observed

in all the developmental stages of E. coelomat-

icum but not in any stage of E. pancreaticum

in cats. This shows that the difference in

infectivity to cats exists between pancreat

icum and coelomaticum and consequently,

shows the validity of the species of E. coelo

maticum.

Summary

A total of 14 mongrel cats, 3 adults and 11

kittens, were inoculated with metacercariae of

E. pancreaticum or E. coelomaticum. E.

pancreaticum was recovered from all the seven

cats inoculated with the metacercariae, whe

reas E. coelomaticum from 3 of the 7 cats

inoculated, so infection rate was 100% in E.

pancreaticum and 42.8% in E. coelomaticum.

Recovery rate of worms ranged 0.16 to 18.0

(10.12, average) % in E. pancreaticum and

6.0% in E. coelomaticum.

The full-grown specimens of E. pancreat

icum recovered from cats at day 230 after

inoculation were 6.84-9.61X4.07-4.61 (8.92±

1.08X4.37±0.24, average) mm and those of

E. coelomaticum at day 236 were 4.60-6.50 X

2.20-2.40 (5.86±0.09X2.30±1.00, average)

mm. All the full-grown fluke specimens ob

tained were sexually matured and eggs of

both the species of flukes were passed in the

feces of cats.

E. coelomaticum was morphologically dis

criminated from E. pancreaticum by means

of the size of body, the morphology of the

testis and ovary, and the ratio of body length

to the distance from the anterior tip of body

to the posterior end of the ventral sucker.

The penetration gland cells, which usually

can not be detected in the stages in final hosts,

were found in all the developmental stages of

E. coelomaticum in cats, but not in any stage

of E. pancreaticum. This situation will show

that cats are more suitable for E. pancreat

icum than for E. coelomaticum as final hosts.

Experimental infection of the first inter

mediate hosts, Bradybaena similaris, were

successfully made with eggs shed by cats, and

further the second intermediate host, Conoce-

phalus chinensis, were also infected with

sporocysts passed by the snail hosts.
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Eurytrema pancreaticum (Janson, 1883) Looss, 1907

E. coelomaticum (Giard et Billet, 1892) Looss, 1907

7? =1-7

Eurytrema JPU2 Dicrocoeliidae f5

9 fo&Mfc&V^XltffiM. Eurytrema pancreaticum

. coelomaticum <D 2

3 g|,

(BALB/c-n/+ , BALB/c-

(Sakamoto ^ a/, 1981)

Eurytrema pancreaticum

. coelomaticum

(100%),

0.16-18.0 ppig 10.12%),

2. ^0*=*a>k#kftfcj»!l£ (S^'^230 0) CD

^^$(i6.84-9.61 (8.92±1.O8)X4.O7-4.61 (4.37

±0.24)mm, /h^Jffllg ®^^236 0) Ti3:4.60~6.50

(5.86+ 1.09) X2.20-2.40 (2.30±1.00)mm

3.

4. *K,

tion gland

Penetra

5.
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