714 %F % A A A A1z
The Korean Journal of Parasitology
Vol. 28, No. 1, 53-62, March 1990

Recovery rate, growth and development of Heterophyopsis
continua in experimental chicks#
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Abstract: The growth and developmental pattern of H. continua was observed after
experimental infection of their metacercariae to chicks. The recovery rate of worms
from the chicks at 1 to 28 days post-infection(PI) was 12.8% in average. The rate
remained fairly high for early 4 days of infection but decreased thereafter rapidly till
28 days PI. Most of the flukes, 91.99%, were recovered from the ileum of the chicks.
In metacercariae, genital organs such as the ovary, testes, seminal vesicle, seminal
receptacle and genital sucker were recognizable. At one day PI Mehlis’ gland appeared,
and at 2 days follicular vitellaria were observed. At 3 days PI, eggs were formed in
the uterine tubule and increased in number as the worm grew old. The worms reached
2,990 pm in length and 525 gm in width at 28 days PI. Genital organs developed
rapidly in early stages of infection but slowly thereafter to 28 days PI, whereas non-
genital organs developed steadily through the infection period. It was proved by this
experiment that chicks should be a moderately suitable final host of H. continua.
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INTRODUCTION

Heterophyopsis continua, an intestinal fluke
belonging to the family Hetrophyidae, was
originally described by Onji and Nishio (1916)
from experimental dogs fed the metacercariae
collected from mullets. The natural or experi-
mental final hosts recorded were dogs, -cats,
ducks and sea-gulls (Yamaguti, 1939a; Chun,
1960; Kanemitsu et al., 1953; Onji and Nishio,
1924).

Since the first human infection of H. continua

had been reported by Yamaguti (1939b) in
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Japan, this fluke has been watched with keen
interests by many parasitologists. In Korea, 4
human infections were recorded recently by Seo
et al. (1984) and Hong and Han (1989), and
naturally infected dogs were found (Eom et al.,
1985). Brackish water fishes such as Lateolabrax
Japenicus, Acanthogebius flavimanus, Clupanodon
punctatus and Plecoglossus altivelis were reported
as the second intermediate hosts (Chun, 1960;
Seo et al., 1984; Cho and Kim, 1985). However,
there is scarce information on the development
and growth of this fluke in definitive hosts.

This study was performed to assess the suita-
bility of chicks as an experimental final host of
H. continua by observing the recovery rate,
growth and development of worms in chicks
from ] to 28 days after infection.



Table 1. Recovery of H. continua from the chicks experimentally infected with the metacercariae

Day after No. of No. of No. of worms recovered from Worm
recovery
infection  chicks MC* given  duodenum jejunum ileum cecum total rate (%)
1 4 400 0 0 58 1 59 14.8
2 3 300 0 0 70%* — 70 23.3
3 4 360 0 0 78 7 85 23.6
4 3 300 0 0 69 11 80 26.7
6 5 430 0 0 48 6 54 12.6
8 4 400 0 0 36+ — 36 9.0
14 7 700 0 1 35 9 45 6.4
28 5 500 0 0 5 0 5 1.0
Total 34 3,390 0 1 399 34 434 12.8
*Metacercaria **Including cecum and rectum -

MATERIALS AND METHODS

Perches (Lateolabrax japonicus) were collected
at a southeastern costal area of Korea Peninsula
and digested with artificial gastric juice at 37°C
for 1 hour. After several washings with phos-
phate buffered saline (PBS), the metacercariae
of H.

from the sediments under a dissecting microscope.

continua were separated and collected

For excystation, some metacercaride were incu-
bated in 19 trypsin solution, pH 8.0 at 38°C.
The metacercariae liberated were harvested
immediately and washed with PBS 3 times and
fixed under a cover glass pressure.

A total of 3,390 metacercariae were grouped
into 50~100 in number, and fed orally to 34
chicks, 1~3 week-old hatchery-raised broiler
(Table 1). The chicks were sacrificed at 1,2,
3,4,6,8,14 and 28 days post infection (PI) and
then their whole gut was resected. The small
intestine was divided into the duodenum, jejunum
and ileum, then opened along the mesenteric
border in PBS. After several washings of the
intestinal contents, the flukes were recovered
from the sediments under a dissecting microscope.

The flukes collected were fixed in 1095 neutral
formalin under a cover glass pressure and stained

with Semichon’s acetocarmine. The specimens
stained were observed and measured microscopi-
cally. Results on the development were described
on the basis of morphological findings of these
specimens.

RESULTS

Recovery rate of worms:

The recovery rate of worms from the experi-
mental chicks was 12. 8% in average. The rate
remained relatively high for early 4 days of
infection but decreased rapidly to 1. 0% until 28
days PI (Table 1). Among 434 worms recovered,
almost all worms (91.9%) were collected from
the ileum and a few (7.82%) were from the
cecum.

Growth and development:

The metacercariae grew rapidly in their length
for 8 days PI, then continued to grow slowly to
28 days PI. However, the growth in body width
was not so remarkable through the infection
period (Table 2). The length between the
anterior end of the body and the ventral sucker
was very slightly increased. On the other hand,
the

posterior end of the 28-day-old worms was in-

length from the ventral sucker to the

creased about 3 times that of the excysted
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Fig. 1. (A) Excysted metacercaria of H. continua. Developmental stages recovered from experimental
chicks at 1 day (B)), 2 days (C), 3 days (D), 4 days (E), 6 days (F), 8 days (G), 14 days
(H) and 28 days (I) post-infection (PI). Figures A~I were enlarged at the same scale.
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metacercariae. In accordance with the maturation
of worms, the maximum width of the body that
situated between the pharynx and ventral sucker
in juvenile worms moved to the level between
the seminal vesicle and ovary in mature worms
(Fig. 1A-D).

Excysted metacercariae already had testes lying
in tandem position, globular ovary (Fig. 1A),
rod or ‘C’-shape seminal vesicle without sperm,
and retort-form seminal receptacle (Fig. 2A &
B). On the first day after the infection ellipsoid
Mehlis’ gland appeared in front of the ovary
and was connected to the seminal receptacle
with a tubule along the left border of the ovary
(Fig. 2C). Seminal receptacle became balooned
to be comma-shaped, of which 45.5% was con-
taining sperms. On the second day the seminal
vesicle was sacculated into right and left lobes
and the right lobe slightly curved to be ‘L’-
shape. Vitellaria appeared to be follicular and
distributed subtegumentally from the posterior
margin of the seminal vesicle to the level be-
tween the anterior and posterior testes, and was
dense in the region lateral to the intestinal ceca
(Fig. 2D).
the ovary and extended to the genital sucker
anteriorly and to the level between the two
testes posteriorly (Fig. 2E). On the third day
intra-uterine eggs were formed in the uterus of
55.6% of worms and averaged 24,8 (range 2~
64) in number, which were spread over the
region from the ovary to the posterior extremity

Uterine tubule was formed around

of the body. Seminal vesicle was swollen and
filled with sperms (Figs. 1D & 2F).

As the worm grew older than 8 days of in-
fection (Figs. 1E-I), the intra-uterine eggs was
increased rapidly in number and the uterine
tubule extended to
occupied almost all of the space between the

the genital sucker and

Fig. 3. Rodlets on the gonotyl of the genital sucker
(GS), a 28-day-old worm.

genital organs of the worms. Fine elaborate
rodlets, 97~107 in number, were observed on
the gonotyl of the genital sucker of excysted
metacercariae, and became distinct and stout in
the worms one day after infection (Fig. 3).

The growth curve of the genital organs such
as the testes and seminal vesicle was steep up
to 6 days PI and became a gentle slope to
14 days and continued to develop slowly until
28 days PI. The growth of the ovary showed a
sigmoid curve which was steep between 1 to 4
days PI (Table 2 & Fig. 4A). The growth of
non-genital organs such as the oral sucker and
pharynx was not so significant, whereas that of
the ventral sucker was quite progressive up to
14 days PI and thereafter became a plateau to
28 days (Table 2 & Fig. 4B).

DISCUSSION

In the final hosts infected with intestinal
flukes, it is well known that the recovery rate
of the fluke is decreased as the infection period
goes especially in low susceptible hosts (Man-

sour et al., 1981; Hong et al., 1983; Kang et

(«)

Fig. 2. The organogenesis of H. continua. (A) ‘C’'-shaped seminal vesicle (arrow heads), posterior to
the genital sucker (GS), metacercaria. (B) Retort-form seminal receptacle (arrow heads), posterior
to the ovary (OV), metacercaria. (C) Mehlis’ gland (MG) appeared in front of ovary 1 day PIL
(D) 2 days PI seminal vesicle (arrow heads) sacculated into right and left lobes at the middle
part {arrow) and follicular vitellaria behind the seminal vesicle to the posterior end of the
body. (E) uterine tubule (star) around the ovary and seminal receptale containing sperms at 2

days Pl. (F) intra-uterine eggs at 3 days PL



Table 2. Measurements of H. continua recovered from the experimentally infected chicks

Measurements(mm), day after infection

Organs
EMC* 1 2 4 8 14 28
No. of worms 17 16 15 16 16 20 19
measured
Body length 1,317-+168 1,417+157 1,510%+175 1,806%182 2,216+270 2,990+418 2,990-309
width 333+ 26 371+ 30 384+ 41 396+t 26 456+ 32 567+ 70 5254 52
Oral sucker
length 70t 6 66t 6 684 6 64+ 5 64+ 6 77 9 77+ 6
width 90+ 8 82+ 7 81t 6 91+ 7 92+ 9 94+ 12 99+ 6
Prepharynx
length 160+ 36 140% 29 141+ 52 129+ 28 1184 30 154+ 64 1334 31
Pharynx
length 81+ 7 78+ 4 81+ 82+ b 83+ 13 9%t 7 92+t 7
width 66+ 9 62+ 4 62+ 4 63+ 7 62+ 6 74+ 6 81+ 6
Esophagus
length 23+ 16 26+ 22 11+ 3 18+ 12 194 20 33+ 34 20+ 19
Ventral sucker
length 146+ 11 146+ 11 151+ 10 157+ 11 169+ 9 200+ 13 208+ 15
width 157+ 12 160+ 7 1644+ 6 167+ 14 177+ 9 209+ 14 218+ 12
Genital sucker
length 94+ 10 91+ 10 98+ 12 110+ 9 110+ 9 1324 16 144+ 15
width 1104 11 114+ 13 121+ 11 134+ 9 141+ 17 1662 15 175+ 18
Seminal vesicle
Right lobe
length 31+ 6%F 454 13%* 47+ 9 87+ 20 1144 26 166+ 44 204+ 37
width 48+ 7 75+ 26 57+ 16 78+ 15 117+ 27 122+ 34 159+ 36
Left lobe
length - — 53+ 88+ 17 146+ 26 1814 40 184+ 39
width — — 294 561+ 16 80+ 21 1074 47 114+ 26
Ovary length 49+ 6 60+ 7 82+ 15 1164+ 8 130+ 14 161+ 10 167+ 7
width 60t 7 70+ 5 93+ 18 128+ 13 148+ 13 164+ 13 169+ 16
Seminal receptacle
length 26 4 30+ 8 36+ 12 73+ 24 66+ 23 93+ 35 99+ 34
width 48+ 8 60+ 17 57+ 13 113+ 37 1224 26 164+ 39 164+ 39
Anterior testis
length 78+ 12 118+ 14 149+ 13 180+ 44 219+ 18 262+ 33 2574 24
width 8+ 10 1334 15 148+ 15 188+ 18 221+ 21 255+ 30 242+ 23
Posterior testis
length 86+ 13 1324 16 166+ 24 205+ 19 251+ 22 286+ 45 292+ 41
width 90+ 11 1344 17 1441 19 187+ 20 225+ 20 248+ 39 260+ 32
No. of rodlets 98+ 3 101+ 3 1074+ 5 100 © 9+ 6 97+ 3 99+ 5
*Excysted metacercaria **Not divided into right and left lobes

al., 1983). Metagonimus yokogawai are the
parasites that inhabit chiefly in the upper part
of the small intestine in the final hosts. It is
also known, however, that they shift down as
the infection period elapses (Hong and Seo, 1969)

and they move down more rapidly to the ileum
if reinfection occurs (Kang et al., 1983). These
tendencies are more significant when the suita-
bility of the host for the intestinal fluke is very
low.
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Fig. 4. Growth curves of the genital (A) and non-
genital (B) organs of H. continua recover-
ed from the experimental chicks.
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Although H. continua grew to be adults in
chicks, as shown in this study the chicks are
not ragarded as a highly suitable final host. The
recovery rate of this fluke was decreased rapidly
in chicks after 14 days of infection and several
chicks were found free from infection on 28
days PI. Anyhow, chicks are added to be a
fairly good experimental final host of H. con-
tinua.

Yamaguti (1939a) stated that the habitat of
H. continua is the small intestine of final hosts.
In this experiment, almost all stages of (lukes,
from juveniles to adults, were collected from
ileum of chicks and no shift down of the flukes
was observed. It is, therefore, recognized that
the ileum is the main habitat of H. continua in
the chick host.

The body length of H. continua showed a steep
curve for the first 8 days of infection and con-
tinued to grow up to 28 days PI. The flukes
older than 4 days should be regarded as adult
worms because intra-uterine eggs were formed at
3 days PI and their posterior portions behind
the seminal vesicle were filled with eggs and the
eggs were markedly increased in number up to
14 or 28 days PIL.

The distance between the anterior end of the
body and the ventral sucker of H. continua was
relatively constant throughout the experimental
period, so the increase of the body length was
considered resulted mainly from the growth of
the posterior portion. The posterior body growth
was considered chiefly due to the development
of genital organs contained there. In Echinostoma
hortense recovered from experimental albino rats,
the equator of the fluke was at the anterior end
of the ventral sucker at metacercarial stage but
it moved gradually backward as the fluke age
advanced, to settle near the posterior testis level
after 15 days of infection (Saito, 1984; Seo et
al., 1985). It is, therefore, recognizable that the
growth of intestinal flukes is mainly due to the
increase of the length of the posterior portion
where genital organs develop.

The growth curve of the ventral sucker of H.
continua in this experiment, which was similar



to that of the body length, was expressed as a
prominent ascending curve during the early
infection period and slowed down later than 14
days PI. Similar features were observed in E.
hortense (Saito, 1984; Seo et al., 1985) and E.
1988).

development of other non-genital organs such as

cinetorchis (Lee et al., However, the
the oral sucker, pharynx and esophagus was so
insignificant that their size became only slightly
larger than those of matacercariae. The remark-
able development of the ventral sucker is
considered to meet the increasing requirement of
its sucking power according to the growth of
the fluke.

Genital organs of H. continua, except for
Mehlis’ gland, were already formed in metacer-
cariae and grew rapidly up to 4 days PI in chicks
so that their growth curves appeared as the
latter part of a sigmoid curve. However in E.
hortense and E. cinetorchis, only primordial
stages as germ cell masses of genitalia were
present in matacercariae and they differentiated
and developed after infection in the final host
(albino rats), so that their growth shows a
complete sigmoid curve (Saito, 1984; Seo et al.,
1985; Lee et al., 1988).

Seo et al. (1984) compared, in taxonomic point
of view, the morphologies of the previously
reported species which were related to the genus
Heterophyopsis, that is, Heterophyes continus
(Onji and Nishio, 1916), Heterophyopsis expec-
tans (Tubangui and Africa, 1938) and Pseudo-
heterophyes continua major (Yamaguti, 1939a).
They concluded that these three species were not
different from one another. By the present study,
the differences in body size and position of organs
of the flukes, which were adopted by those
authors as significant criteria of the speciation
of the genus Heterophyopsis, are now regarded
intra-specific varitions ascribed to many factors
such as the age of worms, period after the worm
In this

connection it is suggested that there should be

death and pressure at fixation, efc.

only one species in the genus Heterophyopsis, H.
continua, as available literatures are concerned.
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