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Abstract. Detailed studies have beon made on the complete life oycle of two species of echinostome
trematodes, Kchinoparyphium recurvatum and Echinostoma revolutum. In Egypt, the two species
utilize for larval development the same snail intermediate hosts as do human schistosomos. The
first intermediate host of E. recurvatum in Egypt is the snail Bulinus truncatus; the miracidia of
the parasite penetrate the heart and aorta of the snail and develop there to sporoeysts, while mother-
and daughter rediae are located in the venous sinuses, and mainly in the hepatopancreas. At 22—24 °C,
development in the intermediate hosts lasts from 29--35 days. The second intermediate hosts of
K. recurvatum as determined experimentally are the snails Bulinus truncatus, Biomphalaria alexandrina
and Physa acuta, the fishes Gambusia affinis and tadpoles of Rana mascareniensis; the cercariae
encyst in the body of these intermediate hosts; metacercariae are located, generally, in the pericardiao
sac and the kidneys, in fishes and tadpoles in the kidneys. The definitive hosts (experimental in-
feotion) are the domostic duck, chicken, mouse, rat, hamster and rabbit. The trematodos mature in
the small intestine of these hosts within a period of 7—8 days. The development of the miracidium in
the egg is greatly influenced by temperature: under optimal conditions, at 27 °C water temperature,
miracidia hatch in as short a time as 5 days.

The first intermediate host of the trematode Echinostoma revolutum in Egypt is the snail Biompha-
laria alexandrina. Sporocysts, mother- and daughter redine devolop in its inner organs; at 24 °C
wator temperature, development in the first intermediate host (Lo free-swimming cercariae) is
completed in 25 days; at water temperatures of 16—17 °C, it lasts 72 days. The second intermediate
hosts are the snails Biomphalaria alexandrina, Bulinus truncatus, Physa acuta and Viviparus unicolor;
encysted metacercariae of this parasite were found also in the kindeys of frogs (Rana esoulenta)
with natural infection. Development of E. revolutum in the definitive host is completed in 7—12 days.
Experimental infoction disclosed these hosts: domestie duck, chicken, mouse, white rat, hamster
and rabbit; immature trematodes were found in Ardeola ibis. The development of the miracidium in the
egg was completed in 8—10 days at 28 “C water temperature, in 21 days at 17 °C. In addition to
descriptions of the individual trematode stages, the taxonomic position of both speecies is discussed.

Our investigations, which took place in the vicinity of Cairo between the years
1971—1973, were concerned with establishing which organisms parasitize the snail
hosts of Schistosoma haematobium and Schistosoma mansoni with a view to utilizing
their pathogenic cffect for the development of methods of biological control of human
schistosomiasis in Egypt. Of the species found, the most suitable appeared to be echi-
nostome trematodes, as previously noted by Rysavy et al. (1973), and as indicated
by observations on the competitive development of larval digenetic trematodes in
snail intermediate hosts (Lic 1967, 1969; Heyneman et al. 1972, and others). For
these reasons we studied in detail the life cycles of two of the most common members of
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the family Echinostomatidac in the locality under consideration, i.e., Echinoparyphium
recurvadum (Linstow, 1873) and Echinostoma revolutum (Froclich, 1802). The results of
these studies are presented in this paper.

METHODS

Eggs for studies on tho life eycles of the trematodes E. recurvalum and E. revolutum were obtained
either by teasing the body of adult trematodes, or by collecting eggs from definitive hosts with an
exporimental infection (white miee). Eggs were cultured in glass dishes (volume 500 ml) in tap water
with continuous aeration and daily change of the water, Egg development was inspected daily with
the microscopo. We studied the miracidia both alive and fixed (in 2 9 formalin). The same method
was cmployed for studying the developmental stages of the trematodes oxtracted [rom the first
intermediate host, and of the free cercariae.

Development in the first intermediate host was studied in laboratory-bred snails of the species
Biomphalaria alezandrina (for E. révolutum) and Bulinus lruncatus (for E. recurvatum). The snails
measured from 4—7 mm, the infoctive dose was 20 miracidia per snail, Exposgure to infection of the
snails with an infective doso of miracidia (in 5 ml water) lasted 1.5 hr at 427 °C with additional
light. The age of the miracidia used for snail infoction did not. surpass 2 hr. Hatching of the miracidia
was nctivated in a flask (volume 1 liter) into which the egg culture was poured. Warm water (+4-32 °C)
was added, and the (lask was oxposed to the sun for one hr, After this period the bulb of the flask was
shaded and only the open narrow neck exposed to the sun for an additional 30 min. The miracidia
concentrated in masses in the exposed neck of the fiask and eould bo ‘eollected for snail infection.
After experimental infection the snails were transferred into plastic vessels (volume 51) with filterod
Nile water and a sprinkle of chalk, and fed with lettuce (ad lihitum ). The water in the vesscls was
changed each day.

The development in Lhe first intermediate host wus examined regularly at intervals of 2 days by
the use of a compressorium, developmental stages of the Lrematodes being extracted, measured and
drawn. 'he production of eercariae was followed daily by exposing snails to sunlight. For encystmont
of Lhe cercariae we used eithor the snail species B. fruncatus and B. alexandrina, or othor Egyplian
water snail spocies, sometimes also tadpoles and fishes. Motacercariae for study were relensed from
the eyst either by the use of a mounted needle, or the cysts were digosted with prepared fluids (Zd ér-
ska 1964),

Metuacercariao were used for infection of various species of dofinitive hosts boing fed to these hosts
together with pieces of snail tissue. The results were confirmed by daily inspection of the faeces and
finally by post-morterm examination for the presence of trematodes. The morphology of the adult
trematodes was studied using live-, fixed and stained, and mounted material. Tn order to study the
spines of adults, cercariae and metacercariae, the specimens were fixed and cleared with ammonium
picrate. All drawing was by the aid of a camera luecida. Microphotographs were made of several
phases.

RESULTS
A. DEVELOPMENT OF ECHINOPARTYPHIUM RECURVATUM (LINSTOW, 1873)

Both field and experimental observations showed that Bulinus truncatus (Audouin)
is the sole first intermediate host of E. recurvatum in Egypt. Development in the internal
organs of this intermediate host is completed within 29—35 days (at 22—24 °C water
temperatures). The second intermediate hosts as determined experimentally are the
water snails Bulinus truncatus (Audonin), Biomphalaria alexandrine (Ehrenberg) and
Physa acuta Draparnaud, the fishes Gambusia affinis (Baird ot Girard), and tadpoles of
Rana mascareniensis Dum. ct Bibr. Ry§avy ot al. (1972) found under field conditions
in the vicinity of Cairo that metacercariae occurred also in the snails Lanistes bolteniaunus
Chemnitz, Cleopatra sp., Bithynia sp., Lymnaea taillaudi Bourguignat, Viviparus
unicolor Olivier. The definitive hosts, in the intestine of which the trematode matures
within 7—8 days, can be either birds or mammals. Following artificial infection, adult
trematodes were obtained from domestic duck (Anas platyrhynchos f. dom. L.)., chicken
(Gallus gallus f. dom. L.), white mouse (Mus musculus L.), white rat (Raltus norvegicus
[Erxleben]), golden hamster (Mesocricetus auwratus [Waterhouse]), rabbit (Oryctolagus
cuniculus f. dom. [L.]).
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Egg: In E. recurvatum the eggs are widely ovoid to oval, with a thin yellowish brown
shell. Measurements: 0.078—0.089 x 0.055—0.061.*) The wider pole of the egg forms an
operculum. When laid, the eggs are uncleaved and contain an indifferently disposed
light coloured germinal cell. The remaining inner space of the egg-shell is occupied
by vitelline cells which are densely granulated.

As development proceeds, the egg cleaves, the embryo increases in size and is dis-
tinetly lighter in colour than the remaining vitelline cells. The granules of the vitelline
cells disappear, they also are lighter in colour, their outlines are more distinct. At the
period of miracidium formation they appear to have become partly merged into
vacuolar formations surrounding the miracidium. Fully developed miracidia display
considerable motility inside the egg and their apical papilla, the pigmented eye spots and
flame cells can be seen through the egg shell. The emergent miracidium pushed the
operculum aside by pressure and, apparently, with the aid of its excretions, and
eventually emerges into the surrounding water.

0.1 mm

Fig. 1. Echinoparyphium recurvalum (Linstow, 1873)—development of the miracidium in the egg.
A—on day 2; B—on day 3; C—on day 4; D, E - on day 6; F—on day 7.

The rate of miracidial development inside the egg, and its hatching, is influenced by
the temperature of the surrounding water. At 427 °C, egg development is very fast
and motile miracidia appear in it in as short a time as 5 days. After a short exposure
to the sun, miracidia hatched in 6 day-old eggs. At +20 °C, motile miracidia appeared
in 16 day-old eggs. Hatching of the miracidia is considerably influenced by temperature
and exposure to the sun. Hatching could be arrested by keeping the culture at a low
temperature (4-5—+-8 °C). At these low temperatures a culture containing infective eggs
could be kept for a period of 2 months as confirmed by experiments. But even under
optimal conditions, hatching of the miracidia occurred consecutively, i.e., they did
not all hatch at the same time. According to the temperature, hatching may last from
12 days to scveral weeks. We discovered in experiments that a miracidium does not

*) All measurements in mm.
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hatch immediately after passage of the mature egg through the digestive tract of a snail
intermediate host. On the other hand, eggs collected from snail faeces contained mira-
cidia capable of both hatching and causing infection.

Miracidium: The miracidium changes considerably its bodily shape; a motile
miracidium is generally club-shaped. The body is widest at the level of the pigmented
eye spots. Body length 0.092—0.120, maximum width 0.049. A distinct, protractile
apical ,,proboseis'‘ is situated on the anterior end. An apical gland is present in the
space between the base of the apical ““proboscis” and the eye spots opening at the peak
of the pointed anterior end to the ““proboscis”. Eye spots submedian, close to one another,
but distinctly scparate, at 0.021 from anterior end of body. Close under eye spots (at 0.014
from anterior body end) we observed two fingerlike processes (scnsory papillae) one at
each side of the body. Tho surface of the miracidial body is densely covered with ciliae
which appear to be uniform in length (0.011). The position of the two flame cells is
slightly asymmetrical at each side of the body below its median line. Large germinal cells
occupy the posterior half of the body. Facilitated by ciliary movements, the miracidia
swim rapidly in the water (they arc much faster than, e.g., miracidia of human
schistosomes). Their phototaxis is positive, their geotaxis nogative and this can be
utilized for their concentration.

Sporocyst: it develops in the heart of the snail intermediate host Bulinus truncatus,
where nutritive conditions are optimal. The sporocysts are tightly fixed to the tissues of
the snail and, therefore, may escape attontion when the snail is examinod with the
compressorium. On day 10 p.., the sporocysts appear as sacular, almost immobile
formations, length 0.240—0.384, maximum width 0.112—0.160. Body shape oval,
sometimes pyriform. Sometimes, larger sporocysts harboured accretions of germinal
cells and embryos of mother rediae. Simultaneously with these sporocysts we found also
free, small mother rediae.

Mothor redia: both redia gencrations are located in the venous sinuscs, mainly in
the hepatopancreas of the intermediate host, rarely in other organs. The first young
mother rediae were found together with the sporocysts on day 10 p.i. The smallest mother
redia measured 0.168 in length, 0.772 in width. Almost the cntire anterior half of
the redial body was occupied by a circular oesophagus (0.064 in diameter); the colour-
less, cyst-shaped gut (length 0.032) extended to approximately two third of the body
length. We found neither a collar nor ventral locomotory processes. Rediae of the same
age, but slightly more advanced in development, have a considerably elongate body
(length 0.536, maximum width 0.128). Maximum body width is in the region of the
oesophagus. Width of remaining body approximately 0.090. Diameter of circular
oesophagus 0.069, length of cyst-shaped gut 0.080. The gut terminates at 0.216 from
posterior body end. Close below we observed a marked collar encircling the redial body.
At 0.112 from the posterior end of the body we found two ventral fingerlike locomotory
processes (approximate length 0.040).

Mature mother rediac appeared in as late a time as 20 days p.i. The shape of the
body is irregular, the cuticle smooth, of brownish colour. A remarkable feature is their
large circular oesophagus (0.136 in diameter). The gut is short (0.120—0.130) of reddish-
brown colour, densely occupied by granules. Overall length of redial body 0.728—0.998,
maximum width 0.192—0.272. The locomotory ventral processes are relatively short.
The body of the redia is occupied almost completely by embryos and young daughter
rediae. The oesophagus of the latter, measured inside the mother rediae, is approximately
0.066 in diameter. Theso mother rediae react readily to osmotic pressurc and easily
rupture in the wator particularly under the slightest pressure of the coverslip.

Daughter redia: the youngest daughter rediae appeared on day 20 p.i. together
with the most advanced mother rediae, At this age the dauhgter rediae are translucent,
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their length is only 0.248—288, their width 0.088—0.112. The oesophagus measures
0.056—0.064 in diameter, the colourless, saclike gut extends to one half of the body and
measures approximately 0.080. We observed neither ventral locomotory processes nor
a collar. A daughter redia of the same age but slightly more advanced in development
measured 0.704 in width, but the diameter of its oesophagus was the same as that of
the youngest rediac (0.056); its gut, howerer, was considerably longer (0.280); it extended

- 0.5 mm

Fig. 2 Echinoparyphium recurvatum (Linstow, 1873), A—miracidium; B—E—mother rediae
(B—smallest redia on day 10 p..; C—young redia on day 10 p.i.; D, E—more developed redise
on day 20 p.i.); F—sporooyst' cluster on the aorta of the snail; G—I—daughter rediae (G—smallest
redia on day 20 p.i.; H—medium size redia on day 20 p.i.; I-—mature redia on day 35 p.i.).
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to above half of the body length. The ventral locomotory processes were, already,
feebly outlined. Clusters of germinal colls could be distinguished in the redial body.

Fully mature daughter rediae were found on day 35 p.i. Generally, their body was
opaque, very elongate, 1.68—1.76 in length, 0.144—0.176 in maximum width. The
oesophagus was cireular, very muscular, 0.096—0.112 in diameter. The short, saclike
gut (0.176—0.208) was of reddish brown to brown colour. The birtli pore was situated
generally on the papillar process at the dorsal side of the body, at 0.384—0.400 from
the anterior body end. The collar close in front of the birth pore was mostly not very
distinct. Two large fingerlike locomotory processes were gituated at 0.320—0.480 from
the posterior body end. The inside of the body, from the region of the birth pore to the
posterior end, was ocecupied by embryos and cercariac at different stages of development.
Simultaneously with these dangther rediae we found also free, fully developed cercariae.
The emergence of cercariae from the intermediate host into the surrounding water,
however, was observed on the following day, i.e. on day 36 p.i.

Cercaria: the body and tail of the cercaria are very contractile. Alive, the body
without the tail measures approximately 0.416—0.600 in length, maximum 0.176 to
0.288. Both body and tail are covered with a cuticle with fine transverse striation
which is finer on the tail. The anterior end ol the body bears a collar with fine spines.
This was less distinet in live than fixed specimens. The oral sucker is almost circular,
and measures 0.043—0.058 by 0.049—0.064. A row of 4—8 pores of the penetration
glands was clearly visible on the anterior margin of the oral sucker. The ventral sucker
is slightly bigger (0.058—0.079 in diameter), almost circular and, upon side view,
clevated above the body surface. The arrangement and number of collar spines are
essentially those of the adult trematode (40—45); the first four spines are arranged in
two rows, the dorsal spines are in alternate arrangoment. The praepharynx is relatively
short, the muscular pharynx is oval, length 0.018—0.030, width 0.015—0.024. The
oesophagus is of considerable lengLh, intestinal bifurcation starts close above the ventral
sucker. The penetration glands situated in the oesophagus region were indistinct, their
exact number could not be determined. The numerous, finely granulated cystogenic,
unicellular glands form an almost continuous layer on the dorsal side of the cercaria.
The excretory system is represented by two primary ducts of considerable width which
extend along either side of the body and are filled with large, greatly refractile excretory
granules. Each duct attenuates towards its anterior end and passes into a narrow duot,
which forms a backward loop in the pharynx region and starts to branch. The primary
lateral excretory ducts attenuate in the region of the ventral sucker, unite and pass
through marked valves in a large excretory sac situated near the posterior end of the
body. A thin median duct extends from this sac into the tail, bifurcates at 0.058 to
0.088 from the anterior end and its branches open at each side of the tail. The tail is
very contractile, measuring 0.520—0.600 when extended. The surface of the tail is
covered with epithelial cells with large nuclei. We did not observe caudal finlike folds.
The tip of the tail is obtused.

Metacercaria: The second intermediate hosts of E. recurvatum are mainly various
snail species, including the first intermediate host, less froquently fishes and amphibians.
Cercariae may either emerge into the surrounding water and enter other or the same snails
to encyst in them, or they may remain in their first intermediate host and encyst in
its internal organs. If a cercaria cannot leave the daughter redia, it encysts directly in
it. In snail intermediate hosts, cysts with metacercariae of K. recurvatum are located
mainly in the pericardiac sac and in the kidneys, but may be present also in the re-
maining internal organs if the intensity of infection is high. In fishes and amphibians,
however, they are always located in the kidneys.

Cysts obtained from B. truncatus with experimental infection were relatively small,
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but of regular spherical shape. The hyaline cyst wall was only 0.006 thick, the diameter
of cysts was 0.135—0.144. Iuside the cyst, the body of the metacercaria is doubled and
the metacercaria changes frequently its position. Through the wall of the cyst it is
possible to distinguish on the light-coloured body of the metacercaria the two primary

excretory duets filled with excretory granules, the suckers, the pharynx and the collar
spines.

B
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Fig. 8. Echinoparyphium recurvatum (Linstow, 1873). A-—cercaria; B—arrangemont of spines in the
metacercaria; C—reloased motacercaria; D—metacercaria in the oyst.

113



The body of a released metacercaria is slender, elongate, with a maximum width in
the collar region; it attenuates below the ventral sucker. Length 0.472—0.560, maximum
width 0.128-—0.160. The arrangement and number of spines on the distinct collar are
analogous to those in the adult trematode. The oral sucker is circular, 0,040—0.081 by
0.064—0.081; the praepharynx considerably long, the greatly muscular pharynx oval,
0.023 % 0.026. The oesophagus very long; it bifurcates close above the ventral sucker in
two caeca which extend almost to the end of the metacercarial body. The ventral sucker
is very muscular arising above the surface of the body; it measures 0.064—0.072 % 0.064 to
0.080. The two primary excretory duets cxtend along each side of the body from the
pharynx downwards; they attenuate at the site of the intestinal bifurcation and unite
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Fig. 4. Echinoparyphium recurvatum (Linstow, 1873) — adults from mice. A—largest specimen;
B—arrangement of collar spines; C—smallest adult specimen.
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in a relatively narrow common excretory sac below the ventral sucker, extending from
there to the posterior end of the body. The primary excretory ducts are filled with large,
highly refractile granules, which reduce both in number and size in the posterior part of
the excretory system. On the anterior end of the body, the cuticle of the metacercaria
is covered with transverse rows of small spines.

Adult: We observed in various bird and mammal hosts infected with encysted meta-
cercariae from snails, that the metacercariae developed in the small intestine of the
definitive host and attained the adult stage within 7—S8 days.

The adult trematode is slendor; its anterior end bears a distinet collar armed with
a number of large spines. The length of the body of stained specimens from mice was
2.12—3.60, the maximum width 0.449—0.625. T'he cuticle on the anterior end of the
body is covered with minute spines. The collar spines (40—45) measure 0.021—0.051 in
length; the row of spines is not interrupted on the dorsal side. The oral sucker is sub-
terminal, relatively small (0.111—0.123 x 0.120—0.135). The ventral sucker is situated
close below the intestinal bifurcation, it is very muscular, almost circular, arising above
the surface of the body in live specimens; its measurements are 0.249—0.330 % 0.240 to
0.315. The short praepharynx is followed by an oval or pyriform, greatly muscular
pharynx (length 0.087—0.111, width 0.081—0.102). Oesophagus long (0.210—0.270);
it bifurcates above the ventral sucker into two caeca which extend along each side of
the body almost to its end. Two oval testes, tandem, almost equal in size (measurements
of first testis 0.201—0.450 x 0.147—0.258) are situated in the space between the intestinal
branches in the posterior part of the body. A cirrus sac of considerable size (length
0.198—0.300, width 0.090—0.150) containing a large seminal vesicle, is situated at
the anterior margin of the ventral sucker. The cirrus is slender and very long (0.270 to
0.660). The ovary is small (0.099—0.174 % 0.114—0.117) irregularly shaped, situated
close in front of the testes. Uterine loops occupy the space between the ventral sucker
and the ovary, Eggs oval, with an operculum, measurements 0.078—0.089 x 0.055 to
0.061. The vitellaria are formed by large follicles; they extend from close below the
ventral sucker along each side of the body to almost the posterior end of tho trematode

body. In older trematodes the vitelline follicles merge frequently in the space below
the testes.

DISCUSSION

In Egypt, Echinoparyphium recurvatum was first reported by Sonsino (1892) who
found 42 to 44-spined echinostome metacercarie in various snails; feeding these meta-
cercariae to ducks and rabbits he obtained adult trematodes which he identified as
Echinostomum recurvalum Linstow, 1873 (= Echinoparyphium recurvatum). It is
evident, that cercariae from Biomphalaria alexandrina identified as Cercaria agilis
and considered to be conspecific with these metacercariae, must have belonged to
a different species, apparently of the genus Echinostoma. Azim (1930) found cercariae
with 43 to 45 collar spines produced in snails of the genus Bulinus. Metacercariae of
this species have been recorded from various water snails. Feeding experiments with
dogs and feral and white rats confirmed that these were larvae of E. recurvalum. In
1953, Kuntz studied in Iigypt the development of the excretory system of E. recurvatum
cercariac from Bulinus truncalus. E1 Gindy and Rushdi (1963) found these cercariae
in the same intermediate host.

Conspecific cercariae from Bulinus truncatus collected in the environs of Cairo, were
found by RySavy et al. (1973). Having regard mainly to the first intermediate host
and to the number of collar spines, these authors assigned them provisionally to the
species Echinoparyphium bioccalerouxi Dollfus, 1953, but considered, at the same time,
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their possible identity with . recurvatum. Recent studies on the complete life cycle
of this parasite under the conditions of Egypt indicate that there are no substantial
differences between this trematode and the European species £. recurvalum. This
applies to the morphology of the larvae and adults, to the range of definitive hosts,
intermediate hosts, to the rate of development etc. Rasin (1933) suggested in his
excellent paper that members of the genus Lymnaea, which are closely related to those
of the genus Bulinus, are the first intermediate hosts of . recurvafum, and that infor-
mation on the development of this parasite in members of other familics requires a revi-
sion. (Ra&in obtained only negative results from experimental infection of various
Planorbidae and other snails with this trematode.) In view of the fact that various
waterbirds are, evidently, utilized by this trematodo as natural definitive hosts, their
frequent migratory flights from Europe to N. Africa and back may ensure the mixing of
N. African and European popuilations of this parasite. Minute differences in the number
of collar spines may be ascribed to interspecific variability recorded for echinostome
trematodes by various authors (e.g.,, Azim 1930, Rafin 1933, Lie 1967, Lie and
Nasemary 1973 etc.). For these rcasons we consider the species Echinoparyphium
bioccalerouzt Dollfus, 1953 to be in synonymy with Echinoparyphium recurvatum
(Linstow, 1873); other synonyms of this species are Echinostomum elegans Loos, 1899
and Echinostoma aegyptiaca (Khalil et Abaza, 1924), as pointed out by Azim (1930) and
Mathias (1927).

In view of the fact that larval stages of this parasite have a considerable pathogenic
affect on their snail intermediate host (Bulinus truncatus), and clearly suppress larvae
of Schistosoma haematobium in the case of a “‘double infection™, there are good reasons to
consider their utilization in the biological control of 8. haematobium in Egypt.

B. DEVELOPMENT OF ECHINOSTOMA REVOLUTUM (FROELICH, 1802)

In Egypt, £. revolutum utilizes only one snail intermediate host species, i.c., Biompha-
laria alexandrina (Ehrenberg). This fact has been confirmed both in experiments and
in the field. The development of this parasite in the inner organs of the snail is greatly
influenced by the temperature; at 24 °C water temperature, development in the inter-
mediate host is completed in 25 days, at 21 °C in 37 days, at 16—17 °C in 71—72 days.
The second intermediate hosts as determined experimentally arc Biomphalaria alexandrina
(Ehrenberg), Bulinus truncatus (Audouin), Physa acute Draparnaud and Viviparus
unicolor Olivier; encysted metacercariae were found also in the kidneys of frogs (Rana
esculenta 1..) with natural infection. Adult trematodes were obtained from artificially
infected golden hamsters (Mesocricetus auratus | Waterhouse]), white rats (Rattus norve-
gicus [Erxleben]), white mice (Mus musculus L.), rabbits (Oryctolagus cuniculus f. dom.
[L.]), domestic ducks (Anas platyrhynchos f. dom. L.), chickens (Gallus gallus f. dom. 1..),
and not fully mature trematodes also from herons (Ardeola ibis [L.]). In the definitive
hosts the trematodes complete their development in 712 days; they are gonerally
located in the small intestine; in several birds (chicken, heron) we found them in the
large intestine and caecum, or in the cloaca, but these cases were rare. The trematodes
survive in the intestine of the definitive host for a period of 1—2 months.

Egg: The eggs of E. revolutum are yellowish brown with an operculum at the narrower
end, and covered with a thin shell. They arc mostly ovoid, but both their shape and size
shows considerable variation. Fresh eggs from mice with artificial infection measured
from 0.118—0.134 x 0.069—0.072. Eggs were unembryonated when laid and we distin-
guished in them only the germinal cell which was distinctly lighter in colour than the
surrounding, densely granulated, vitelline cells.

The rate of miracidial development inside the egg is influenced by the temperature
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of the surrounding water; it lasted from 8—21 days; hatching occurred several days
later also depending on water temperature and light. The number of granules in the
vitelline cells reduced gradually and their bodies became lighter and more distinct.
At the time when the miracidium is clearly formed, the vitelline cells change into
special vacuolar formations which occupy the space around the miracidium and, evi-
dently, exert pressure to facilitate hatching. At a water temperature of -}-28 °C,
motile miracidia were observed inside the egg on day 8, hatching was observed in
the following 2—3 days. At a lower temperature (+17 °C) motile miracidia appeared
on day 21. Hatching of the miracidia was not simultaneous; in dependence on the water
temperature, hatching of miracidia from eggs of a culturce of the same age lasted from
several weeks to several months. Hatching can be arrested by transferring the culture
to a temperature of -|-5 to -8 °C. At these temperatures, the miracidia retain their
capability of hatching and infecting the snails for a period of at least two months as
confirmed in our cxperiments.

. Ofmm

Fig. 5. Echinostoma revolulum (Froelich, 1802)—development of the miracidium in the egg. A—on
day 2; B—on day 3; C—on day 4; D—on day 6; E-—on day 7; F—on day 8.

Miracidium: The shape of the body changes, but is generally elongate ovoid. The
maximum width of the miracidial body was found generally at the level of the first third
of total body length. The body length of live miracidia was 0.120—0.138, their maximum
width 0.055—0.063. The anterior end of the body bears a large protractile apical papilla.
The penetration gland (according to several authors “primitive gut’’) is voluminous,
generally reaching the level of the pigmented eye spots, its length is approximately
0.025 mm. The eye spots, although close to one another, are distinctly separate. At
approximately the level of the eye spots, or slightly above, we found a fingerlike process
at each side of the body. The two flame cells are slightly asymmetrically placed near
the centre of the body. Germinal cells are situated in the posterior half of the body.
The body of the miracidium is densely covered with cilia of approximately the same
length (0.018—0.020).

The swimming movements of the miracidia are quick; their phototaxis is positive,
their geotaxis negative, which can be utilized for their concentration.
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Sporocyst: The sporocyst develops in the heart and aorta of the snails, and is
tightly fixed to the tissue. Young sporocysts obtained on day 10 p.i. were almost trans-
lucent,, with an elongate body of irregular shape. The length was 0.38-—0.46, their width
approximately 0.16. More advanced sporocysts harboured in their body clusters of
germinal cells, the largest of which measured 0.088—0.096 in diameter. Sporocysts
obtained on day 16 p.i. were considorably bigger in size, measuring 0.736—0.880 in
length, maximum width 0.208—0.206. They were whitish, of irregular shape, mostly
pyriform, i.e., at one end clearly wider than at the opposite end. The body of these

Fig. 6. Echinostoma revolulum (IFroelich, 1802). A-—miracidium; B—oluster of young sporooysts on
the aorta of the first intermediate host (on day 10 p.i.); C—young sporocyst (on day 10 p.i.);
D-—older sporocyst (on day 16 p. i.).
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sporocysts contained, in addition to the germinal clusters, young mother rediac with

a distinet oesophagus and intestine. The sporocysts were almost motionless, their
surface was smooth. The birth pore could not be seen.

Fig. 7. Echinostomu revolutum (Froelich, 1802). A—E—mother rediae (A—on day 18 p.i.; B, C,
D—on day 21 p.i.; E—anterior end of older mother redia on day 21 p.i.); F, G—~younger daughter

redia on day 37 p.i. (F—anterior part of body; G—general view); H-—older daughter redia (on day
37 p.i.).
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Mother rediae: The first mother rediae were observed on day 16 p.i. together with
the appearance of mature sporocysts. Their body was whitish, their length 0.224 to
0.256, width 0.088—0.120. The circular oesophagus on the anterior end of the body
(0.040—0.048) was followed by an as yet colourless, vacuolar intestine, length 0.040 to
0.056 reaching to at least half of the body length of the mother redia. The collar, birth
pore and ventral locomotory processes were still indistinct in rediae of this age. The
posterior part of the redial body contained indistinct clusters of germinal cells.

Tully developed mother rediae were found on day 21 p.i. Their length was 0.664 to
1.160, their width 0.144—0.224. The shape of the body varied, but generally the body
was considerably elongate with a marked attenuation at the cephalic end. Pharynx
circular, 0.040—0.056 in diameter, vacuolar intestine 0.312—0.440 long, its colour in
less developed rediae an orange brown, coarsely granulated. On the anterior end of
the body we observed a distinct eollar followed dorsally by the birth pore. Approximately
at the beginning of the last third of the body we found two small, ventral, locomotory
processes. In addition to the clusters of germinal cells, the body of the more mature
rediae contained already young daughter rediae of the second generation.

Daughter redia: Free daughter rediae appeared first on day 21 p.i. At this time
their length was only 0,088, their width 0.040. The circular pharynx measured appro-
ximately 0.016 in diametoer. Large daughter rediae appeared in as late a time as 37 days
p-i. Thoy were relatively motile, whitish, with a marked orange brown intestine. The
shape of their body was irregular, elongate, similar to that of the mother rediae, length
0.720—1.632, width 0.096—0.192. Diameter of circular oesophagus 0.032—0.048,
length of vacuolar intestine (.176—0.368. In less developed rediae the intestino reached
half the body length, in older specimens approximately its first third. The cephalic
collar was not very marked. The birth pore situated dorsally was approximately at
0.080—0.160 from the anterior end of the body; often, it was located on the papillar
extension. The ventral locomotory processes were distinet, at 0.256—0.608 from the
posterior end of the redial body. More advanced rediac (day 37 p..) harboured fully
formed cercariac in addition to the germinal sacs.

Cercaria: Free, young cercariae were first observed in B. alezandrina examined with
the compressorium, on day 37 p.i., but their emergence occurred one day later after
exposure of the intermediate host to the sun. The shape of the cercarial body was very
changeable, mostly widest in its posterior third. Body length 0.350—0.420, maximum
width 0.158-—0.193. On the anterior end of the cercaria we obscrved a distinet collar
armed with small, indistinct, sclerotized spines; their number (36-—38) and location
were analogous to those found in the adult trematode. In addition to the collar spines,
the cuticle on the anterior half of the body was covered with very fine spines which
reduced in size towards the posterior end. Oral sucker subterminal, almost circular,
diameter 0.063—0.060. Circular ventral sucker situated slightly below mid-cercarial
body, measurements 0.060—0.074. Below the oral sucker a short, thin-walled praepha-
rynx leading into a greatly muscular, oval or pyriform pharynx (0.028—0.035 x 0.025).
Oesophagus long (0.070—0.105), narrow; intestinal bifurcation starts close above the
ventral sucker, the narrow caeca extend almost to the postcrior end of the cercarial
body. Penetration glands situated at ocsophagus region, their exact number could
not be determined. The outlets of these glands (8; exceptionally 4—6) are situated
at the dorsal margin of the oral sucker. There are numerous unicellular cystogenie
glands. Their granular contents obscure the view and, against the light, the colour of
the cercarial body is dark. Tail 0.456—0.630 long, maximum width 0.046—0.077, with
a gharply pointed tip. The epidermis which is thick on most parts of the tail surface,
forms often dorsoventral and lateral, finlike folds; their number, shape and distribution
show considerable variation. In live cercariae these finlike folds numbered from 2—5,
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on the tail of several specimens these folds were absent. In fixed cercariae we found
always 5 fins (two dorsal, two ventral, one lateral). The excretory system consisted
of a bipartite excretory bladdor situated at the posterior end of the cercarial body which
received the two primary collecting tubes at below the ventral sucker, These extend in

Q1mm*

Fig. 8. Hchinostoma revolutum (Froclich, 1802). A—cercaria; B—metacercaria released from the
cyst; C—metacercaria inside the oyst; D, E, F—variability of the cercarial tail (observation in vivo);
G—arrangement of the tail-fins in a cercaria fixed with formalin.
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anterior direction along each side of the body; they are enlarged in the region between
the ventral sucker and pharynx and filled with spherical highly refractile excretory
granules. At the pharynx region, both primary tubes attenuate, form a loop and procecd
in downwards direction. A thin median tube extending from the excretory bladder into
the tail, bifurcates at 0.1056—0.123 and opens in lateral excretory pores.
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Fig. 9. Echinostoma revolutum (Froelich, 1802)—adult trematodes from mice. A—the largost
spocimen; B—arrangement of collar spines; C—the smallest adult specimen.

Metacercaria: Generally, cercariae cmerging from the body of their first interme-
diate host into the surrounding water, enter the second intermediate host — various
snail species, frog tadpoles and fishes. Several cercarine, however, stay in their first inter-
mediate host and encyst there. The location of the cysts with the metacercariae in the
second intermediate host — snails — is mostly in the pericardiac sac and kidneys; they
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were observed in other organs only if the intensity of infection was exceptionally high.
In frogs they encyst in the kidneys.

Cysts obtained from Biomphalaria alexandrina with experimental infection were
spherical, 0.158—0.161 in diameter. The cyst wall was thin (0.007), hyaline. The body of
the metacercaria occupies the entire space in the cyst. Generally, the collar spines, the
veniral and oral sucker, the oesophagus and excretory granules can be seen through
the cyst wall.

The body of the metacercariae released from the cyst measured 0.361—0.385 in
length, 0.123—0.151 in maximum width. The arrangement and number of collar spines
were analogous to those in an adult trematode. In addition to collar spines, minute spines
are present on the cuticle of the anterior part of the body; these reduce in size towards
the posterior end of the body. Oral sucker subterminal, almost circular, size 0.049 to
0.060 x 0.049—0.063. Ventral sucker circular or moderately oval, 0.070 — 0.077 x 0.070,
situated slightly below mid-body. Praepharynx short; pharynx oval, highly muscular
0.028 x 0.028—0.035, ocsophagus (0.070 long) bifurcates close above the ventral sucker
into intestinal caeca extending almost to the end of the body. Two excretory tubes of
considerable width extend from the pharynx region along each side of the body; they
are filled with spherical highly refractile exeretory granules. Close under the ventral
sucker, both primary excretory tubes unite to form a thin median tube which opens at
the posterior end of the metacerearial body.

Adult: Adult trematodes were obtained from wvarious animals with experimental
infection, i.e., from mammals and birds. Metacercariae, released from the cysts after
digestion in the digestive tract, fasten on tho small intestine and mature within 7—12
days.

The body of fixed and stained adult trematodes from mice measured 2.92—6.32 in
length, maximum width 1.13—1.77. The conically attenuated anterior portion bears
a distinet collar armed with a row of large spines which continues uninterrupted on the
dorsal side. A marked widening of the body occurs at the region of the ventral sucker;
it attenuates again towards the posterior end. The cuticle covering approximately the
anterior hall of the body bears minute spines. The collar spines (36—38) measure
0.042—0.069 in length; they are arranged into a row which doubles at each ventral
end, the dorsal spines alternate. Oral sucker subterminal, circular or oval, size 0.123 to
0.177 % 0.165—0.245. Ventral sucker large, 0.476—0.680 x 0.476—0.653, almost circular,
greatly muscular, situated at approximately the end of the first fourth of body length.
A short praepharynx is followed by a pyriform or oval, highly muscular pharynx, length
0.160—0.204, width 0.11-—0.163. Oesophagus (0.240—0.258) bifurcates at a short dist-
ance above the ventral sucker and forms two intestinal caeca which extend along each
side of the body almost to the posterior end. Testes almost equal in size, of irregular
shape, generally irregularly oval, tandem, situated in the space between the caecal
branches and the posterior half of the body. Size of anterior testis 0.231—0.449 x 0.625 to
0.544, posterior testis 0.381—0.5568 % 0.126—0.435. Cirrus sac shortly ovoid (0.258 to
0.272 x 0.150—0.245) situated between the caecal bifurcation and ventral sucker,
contains a seminal vesicle, pars prostatica and short cirrus. Ovary spherical or oval,
0.122—0.286 x 0.286—0.367, situated at a short distance above testes. Uterine coils
occupy the space bordered laterally by the caeca, anteriorly by the ventral sucker,
posteriorly by the ovary. Eggs yellowish brown, operculate, size 0.118—0.134 x0.069 to
0.072. Vitellaria, formed by minute follicles, extend from approximately the level
of the second half of the ventral sucker to the end of the body. In the anterior part of the
body the follicles occupy the space between the caeca and the margin of the body
forming two lateral bands which in older specimens coalesce in the posterior part of
the body posterior to testes.
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DISCUSSION

E. revolutum was first recorded from Egypt by Loos (1899) who found adults of this
trematode in 3 bird species. Later, Jeyarasasingam et al. (1972) found 37-spined
echinostome cercariao in Biomphalaria alexandrina from the vicinity of Cairo. They
conducted experimental studies on the life cycle of this species with the snail Biompha-
laria glabrata using it as first intermediate host, and obtained mature trematodes {rom
cxperimental infection of various mammals and birds. They considered this trematode
to be an independent species and named it Echinostoma liei. Tho species differed, alled.
gedly, from E. revolutum mainly in the different number and arrangement of finlike
folds on the cercarial tail, and in several other morphological details of the cercaria
(the abscnce of paracesophageal cell outlets on the ventral surface of the oral sucker and
the number of penctration gland outlets on the dorsal margin of the oral sucker),
in the average smaller body measurements of the adult trematode, and in the first
intermediate host.

We started our study on the life cycle of K. revolutum with cercariae from naturally
infected B. alexandrina colleeted in the irrigation system near Cairo, i.e., from the same
area and from the same snail species as indicated by Jeyarasasingam et al. (1972).
In view of the fact that the morphology and measurements of all developmental stages
were consistont, with those in the description of E. liei, and thut the parasite was very
frequent in the area under consideration (RySavy et al. 1973, 1974), we had little
doubt about the conspecilicity of E. revolulum and E. liez. Our studies showed that the
number and arrangement of the tail fins described by Jeyarasasingam et al. (1972)
could be determined in fixed material only (IFig. 3 g), and even there the fins were fre-
quently indistinet. In the live cercaria the number and arrangement of these ‘“fins”
appear to be highly variable (Figs. 3a, d, e,f). A comparison of this feature with European
material secms almost impracticable, because too little attention has been given to the
arrangement, and number of fins in cercariae, and Beaver’s (1937) data refer to North
American trematodes. As shown in the paper by Lie and Basch (1967), and confirmed
by us, the number of penetration gland outlets near the oral sucker js not necessarily
a constant feature in cercariae of the genus Kchinostoma. In view of the fact that the
European E. revolutum also utilizes members of the family Planorbidae (Zd4rsk4 1963,
and others) as its first, intermediate host, there is no reason to consider the Egyptian
trematodes as an independent species and, therefore, they are, for us, Echinostoma revo-
lutum (Froclich, 1802). Minute differences in body measurements of the adult trematodes
may be explained as a result of the space available in the various definitive hosts. Diffe-
rences in larval morphology may be due only to intraspecific variability which clearly
is likely to be greater at the extremo limit of the area of distribution.

It has been indicated by both Heyneman et al. (1972) (experimental studies on the
snail B. glabrata) and by our study conducted with natural intermediate host in Egypt
(B. alexandrina) that the sporocysts, rediae and metacercariae of E, revolutum have a high-
ly pathogenic effect on the snail intermediate hosts. In a double infection of the inter-
mediate host with Schislosoma mansoni, larvae of E. revolutum suppress schistosome
larvae. Therefore, it may be possible to utilize this species in the biological control of
S. mansoni in KEgypt and, perhaps, elsewhere.

4
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INABJIIOAEHHNA HAJl HNMRJIAMNI PA3BHTHH 3XHMHOCTOM BHJAO0B
ECHINOPARYPHIUM RECURVATUM N ECHINOSTOMA REVOLUTUM,
AIITATOHHCTOB IMMHCTOCOM YEJOBEKA B E'HUETE

®. Mopasen, B. Gapyuw, B. Pormasu n . X, I0cud

Pesowe. Hamn nonpolno uayuasiucs, NIc/ALL pa3paTiist JIBYX Bi10B TpeMarol, Echinoparyphium
recurvatum u Echinostoma revolutum. B Erunere pazsntie JNUnHOK 5THX jIBYX BIWIOB LPOTeRaeT
B TEX K€ CAMLIX HPOMUHKYTOYHBIX X03AeBAX — MOLTIOCKAX KaK i PU3BMTHC LWNCTOCOM YeJIoBeKa,
ITepBrIM mMpoMeRYTOUILIM X03nUMHOM Biia . recurvatum B Ernnere sapaserca Moanock Bulinus
truncatus; MupalyIILY ATOIO NMAPABHTA IPOHNKATOT B COPIUIE I A0DPTY MOLTIOCKA M 11PeBPALLAIOTCH
B CMOPOMMCTLI, NPHYEM Pejitl HAXOJATCA B BEHOSHMBX CHHYCAX, HPenMyecTBelino B renaro-
uuukpeace. llpn remneparype 22 -24 °C pypouece pa3puTus B UPOMCHIY TOTHOM XOaAHHE NTponc-
xogat 29—35 aueli. BropuiM npoMeskyTOUHNM X03AMHOM BUJA F. recurvatum ABAHIOTCH MOJ-
AWeKkn Bulinus (runcatus, Biomphalaria alexandrina m Physa acuta, puidul pufa Gembusia
affinis » roaosacTHKN BHAA Mal Rana mascareniensis; MepKapnn WHIACTHPYIOTCA B Teje
BTHX IPOMCIKYTOUHLIX XOSHEB, MeTallepKapii HAXOJATCA NPeNMYIMECTBEHHO B IepHRapje
M noukax, y pulG u rojopactaron B pouxax. llyTem SKCHEPUMOHTAALIOrO 3apamenus Kax
OKOIYaTC.IbHLE XO3seBa ORI BHIABJICHB! JOMAUIHT YTKA, KYPHIA, MBI, KPLCH, XOMAK
1 Kposnk. TpeMaToynl JOCTHIMIVT HOJIOBO3PENIOCTH B TOHKOI KilIKe X03AeB B Tedenne 7—8 pueii.
Buayuaeaue na auig MUpamyiies 3aBiacHT OT TEMOCPATYPLI: IPH ONTHMAJLHON TemMneparype
Boju 27 °C oult BLUIYIUIAIOTCA Y3Ke uepes 5 jiHeir.

ITepBuM TIPOMEKYTOUILIM XO03ANUMOM TpeMaToAbl 27, revolutwn B Erunere spiisiercest MOJUIIOCK
Biomphalaria alexandrina. Cnoponncrut 3 peiui pa3suBalorcs B BUYTPCHHNX OpPraHax; mpm
Temmepatype Boju 24 °C pusuTie LHepKApHIi MO CTAJAMIO B cBOGO;IHOM COCTOAHMM UPOMCXOAMT
uepea 25 yueil, npn reMneparype Bogbl 16—17 °C — vepes 72 jmeit. BTopuiM npoMeiRyTOMHEIM
XO03AMHOM ABJIAIOTCH MOJUTIOCKN BHJOR B. alexandrina, Bulinus truncatus, Physa acuta n Vivi-
parus unicolor; WHINUCTHPOBAHHLIC METALBPKADHYW HAXO[AWIN TAKNKE R TIOUKAX ECTECTBEHHO
dapwreHunx Kab (Rana esculenta). Passurne Buja E. revolutum B OROHUUTEJLTOM XO035HHC
IMPONCXOANT B Tewenne 7—12 nueii. llyTeM sKcnepuMeHTaILHOIO 3aPaskedns B KaYeCTHe OKOH-
YATEABHLIX X037eR OLI BuHWICHL: JOMAIIHAA YTKA, KYpHIA, MuIIL, Geman Kpuica, XOMAK
M KPOJNK, IpAYeM HENoJI0Bo3peibie TpeMatoiul Ouim oduapyssenst TaiiKe B Ardeola ibis.
Paarwrne Mupanmjna p siine npoucxoynt B reqenne 8—10 gueit npn remneparype sojus 28 °C,
B Teueune 21 auneii npn 17 °C. Kpome onucaunii 0TAeAbHBIX CTaIRI PASBATHSA B CTATHE 11 PHBE{CHbI
TAKIKC TAKCOHOMIYEC Kue JlaHEbe 110 000NM BIJIAM TPEMATOMN.
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