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Abstract

Background: Mesocoeliidae is a common parasite of the small intestine of amphibians and reptiles. From Egypt,
only Mesocoelium monas (Rudolphi C,, Berolini 811 (1819)) (Freitas JF, Revista Brasiliera de Biologia 18:171-174,
(1958)) was reported and described by (Saad Al et. al,, J Egypt Ger Soc Zool 33: 219-234, (2000)) from the small
intestine of the Egyptian toads Bufo regularis from Aswan Governorate, Upper Egypt, and the molecular
characterization of the same parasite was reported by (Mansour MFA et. al,, Egypt. J. Biol. (Zool.),10:(1)1-8, (2014))
without any morphological description from the same final host. The present study aimed to detect the prevalence
and the characteristic morphological features of mesocoeliid parasites of the Egyptian toads Bufo regularis.

Methods: Toads were collected from Assiut and Giza Governorates during the autumn of 2018. They were
dissected and examined by a dissecting microscope for intestinal parasites. The collected trematodes were fixed,
stained, dehydrated, cleared, and mounted. Photomicrographs were taken and parasite measurements were
determined. Some of the identified worms were prepared for scanning electron microscope for studying their
ultrastructure.

Results: Mesocoelium sociale was detected from the small intestine of 14 out of 51 toads Bufo regularis (27.5%) with
worm burden (10-30 worms per host). Detailed morphometric characteristic features of the parasite were described
by a light microscope. Scanning electron microscopy showed many fine ultrastructure details in the present study
and confirmed the light microscopic description.

Conclusion: Mesocoelium sociale (Luhe M, Centralblatt fir Bakteriologie Parasitenkunde und Infektionsk-rankheiten,
30, 166-177, (1901)) (Odhner T, Res. Swedish Zool Exped Egypt iv, (23a), 1-166, (1910)) is recorded for the first time
from Egypt as a trematode parasite of the Egyptian toads’ Bufo regularis and described by a light microscope. In
addition, it is described for the first time worldwide by scanning electron microscopy.
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Background

Identified species of the genus Mesocoelium (Trematoda:
Mesocoeliidae) are small intestinal parasites of amphibians
(mainly frogs and toads) and reptiles all over the world
(Skrjabin & Morozov, 1959; Cheng, 1960; Freitas, 1963)
and only one species from fish was reported and described
from a single specimen from Malaysia (Fiscthal & Kuntz,
1965). From Egypt, only Mesocoelium monas (Rudolphi,
1819) Freitas, 1958 was reported and described by Saad
et al. (2000) from the small intestine of the Egyptian toads’
Bufo regularis from Aswan Governorate, Upper Egypt, and
its molecular characterizations were described by Mansour
et al. (2014) from toads collected from El-Mansoura city
(Dakahliya Governorate) and Abo Rawash region (Giza
Governorate), Lower Egypt. The taxonomy of the genus
Mesocoelium is complex and has been the subject of con-
siderable controversy (Gomes et al., 2013). Moreover, from
established species previously described, the SEM ultra-
structure of only one species M. lanfrediae was reported
by Gomes et al. (2013). Calhoun and Dronen (2012) con-
sidered the taxonomic and specific characters chosen for
their specific diagnosis to be unreliable and controversial
and emphasized the need for additional study to evaluate
these species. The present study aimed to detect the preva-
lence and the characteristic morphological features of
mesocoeliid parasites of the Egyptian toads’ Bufo regularis.

Materials and methods

Collection of toads

Fifty-one samples of Egyptian toads Bufo regularis are ob-
tained from Assiut Governorate and Abo-Rawash region
(Giza Governorate), Egypt, during the autumn of 2018.
They were brought to the Laboratory of Parasitology, Zo-
ology Department, Faculty of Science, Assiut University,
Egypt. They were dissected; the alimentary canal was re-
moved, opened in petri-dish containing 0.9% sterile saline
solution, and examined by dissecting microscope for intes-
tinal parasites.

Preparation of parasites for light microscopy

The collected trematode worms were washed several
times by saline solution to be freed from the mucous or
any other debris and left for 1 h in the refrigerator for re-
laxation before flattening between two slides or between a
slide and a thin glass coverslip according to the size of the
worms. Then, they were fixed in neutral buffered 10% for-
malin and kept in 70% ethyl alcohol. The worms were
stained with acetic acid-alum carmine, dehydrated in
ascending grades of ethanol (70%, 80%, 90%, 95%, and
100%), cleared in xylene, mounted in DPX, and covered
with a thin coverslip. Photomicrographs were taken using
a digital camera. Identification of worms was done using
the standard key of (Yamaguti, 1958). All measurements
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are in microns unless otherwise mentioned and shown as
the range, followed by the mean + S.E. in parentheses.

Preparation of parasites for scanning electron microscopy
Some of the identified worms were washed several times
in normal saline solution and fixed in 5% cold glutaral-
dehyde for 24 h. Specimens were washed three times in
phosphate buffer and post-fixed in 1% osmium tetroxide
for 2 h and then washed three or four times in the same
buffer. Specimens were dehydrated in ascending grades
of ethanol, dried, mounted on the special holders, and
coated with gold. The worms were viewed with a JEOL
JSM-5400LV SEM operated at 15kV in the electron mi-
croscopy unit, Assiut University.

Results
Taxonomic summary
Phylum Platyhelminthes
Class Trematoda
Subclass Digenea
Family Mesocoeliidae Dollfus, 1929
Genus Mesocoelium Odhner, 1910
Species Mesocoelium sociale (Luhe, 1901) Odhner, 1910
Host: Bufo regularis.
Locality: Assiut and Giza Governorates, Egypt.
Site of infection: Small intestine.
Prevalence: 27.5% (14/ 51).
Intensity of infection: 10-30 worms per infected toad.
Material deposited in: Zoology Department, Faculty of
Science, Assiut University.

Description (Figs. 1, 2, 3, 4, 5)

This is based on 11 mature specimens; morphometric
data is shown in Table 1. The living worms were creamy
to brownish in color with different body shapes (Figs. 1a,
b and 2a), whereas their bodies appear to be elongated,
fusiform, spoon-shaped, linguiform, or oval-shaped.
They had highly flexible bodies where the anterior ex-
tremity of the worm could be extended two or three
times the original length of their bodies. The length of
the body varied between 776.7 and 2807.9 pm (2039.98
+ 219.88 pm). The body width varied greatly at different
body levels. The greatest width ranged between 434.2
and 897.5 um (730.51 + 45.6 pm). The anterior part from
oral to ventral suckers slightly curved ventrally. The entire
body surface is wrinkled and covered with spines (Fig. 5a).
The tegumental spines are denser in the middle third of the
body and decrease at the anterior and posterior ends of the
body ((Figs. 4b and 5c). They are numerous around ventral
sucker (Fig. 4d) becoming progressively sparse in distribu-
tion to become very sparse in the posterior part of the body
which is translucent showing the uterine coils filled with
eggs (Fig. 5¢). High magnification showed that tegument is
provided with curved distal-end spines arranged in
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Fig. 1 a, b Photomicrographs of Mesocoelium sociale showing variations in the body shape of the adult worms. Abbreviations: C.P., cirrus pouch;
E, eqg; ExP., excretory pore; Ex.V, excretory vesicle; G.P., genital pore; Int.C, intestinal caecum; L.T, left testis; Oes., esophagus; O.S, oral sucker; Ov.,
ovary; Ph., pharynx; RS, receptaculum seminis; R.T,, right testis; U., uterus; Vit, vitellaria; V.S, ventral sucker. Scale bars, a, b = 300 um

transverse rows (Fig. 5b). The oral sucker is muscular,
rounded or oval in shape, and subterminal in position
(Fig. 3a, b). It surrounds the mouth opening that ap-
pears as a vertical slit (Fig. 4b) or a wide deep hole (Fig. 4c).
It measures 115.6-283.6 um (214.82 + 16.48 pm) in length
by 138.3-312.3 um (221.63 + 1572 pm) in width. It was
followed by the muscular pharynx measuring 62.3—
1722 um (119.24 + 10.78 um) in length by 68.5-224.8 ym
(141.92 + 15.14 um) in width. The relatively short esopha-
gus measured 16.8—-163.7 pm (72.41 + 14.93 pm) in length
bifurcates immediately into two tubular simple intestinal
caeca that reach to the beginning of the last fourth of the
body. The ventral sucker is smaller than the oral one and
rounded in shape (Fig. 3a). It appears to be sessile (Fig. 4b)
or on a very short peduncle (Fig. 4c). It measures 81.5—
1925um (14071 + 1123 um) long by 84.3-187.4um
(13267 + 10.3 um) wide. The distance between the two
suckers is 132.4—-674.4 um (379.3 = 50.2 um). The two tes-
tes are very variable in shape and size, kidney-shaped,
ovoid, spherical, irregular or half-moon in shape, partially
surpassed by the sides of the acetabulum. In all samples,
they were located very near or in a touch of each side
of the ventral sucker and obliquely tandem in position
(Fig. 3a, ¢). The left testis measures 66—220.3 um (154.6

+ 15.6pum) in length by 58.8-218.6pum (133.19 +
15.91 um) in width and the right one measures 59.2—
221.2um (140.5 + 14 pm) length by 59.4-179.1 um
(122.75 + 12.68 um) in width. Cirrus pouch is in the
form of the small pyriform sac with a tapering neck-
like canal ending in the genital pore, besides the uterine
pore. The ovary is spherical or oval-shaped and lies
under the right testis, usually separated from it by a
very narrow space (Figs. la, 2a, and 3a, c), rarely in
touch with it (Fig. 1b). It measures 41.5-191 pym
(122.53 + 14.93pm) by 70.5-164.2um (127.92 +
10 pm). Receptaculum seminis is located posterolateral
to the ovary, characterized by being very variable in size
and shape (Fig. 3a, c). The vitellaria are in the form of
separated medium-sized follicles filling the lateral sides
of the body extending from oral sucker or pharynx till
the end of intestinal caeca; usually, not confluent inter-
caecally but few follicles rarely were seen intercaecally;
usually bilaterally symmetrical in distribution (Figs. la
and 2a), but rarely asymmetrical (Fig. 1b). The genital
pore is situated prebifurcal and submedian in all sam-
ples (Fig. 2a). The uterus fills most of the body contain-
ing a large number of eggs and opens in the common
genital pore. The excretory pore is located at the posterior
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Fig. 2 Line diagram of Mesocoelium sociale. a Shows ventral view of whole worm. Abbreviations: CP,, cirrus pouch; E, egg; Ex.P., excretory pore;
Ex.V, excretory vesicle; G.P., genital pore; Int.C, intestinal caecum; LT, left testis; Oes., esophagus; O.S, oral sucker; Ov., ovary; Ph., pharynx; RS,
receptaculum seminis; R.T,, right testis; U., uterus; Vit, vitellaria; V.S, ventral sucker. Scale bar = 300 um. b Shows the eggs. Scale bar = 30 um

extremity of the worm (Figs. 1a, 2a, and 5c). The excretory
vesicle is sac-shaped. The eggs are yellowish or brown in
color, oval-shaped, and operculated with thick convex
shells (Figs. 2b, 3d, and 5d). It measures 32.8-35.6 um
(34.1 £ 0.27 um) by 19.7-24.5 (22.52 + 0.52 pm).

Discussion

Goldberg, Bursey, and Telford Jr. (2005) stated that Meso-
coelium is represented as suspected only by a single species,
M. monas, while Calhoun and Dronen (2012) reevaluated
the specimens of M. monas from the National History Mu-
seum, UK, and the US National Parasite Collection, USA,
and concluded that the result of their study suggested that
M. monas is not as cosmopolitan as previously thought and
has a much narrow distribution worldwide than is currently
suggested and called for carrying out a comparative study
using both molecular and morphological techniques to

confirm morphological species identification and to clarify
the existing confusion in this species.

According to the family and genus, diagnostic features
presented by Yamaguti (1971) and recently, the keys pre-
sented by Dronen, Calhoun, and Simcik (2012), the
present specimens belong to the family Mesocoeliidae
Dollfus, 1929 and genus Mesocoelium Odhner, 1910 and
identified as Mesocoelium sociale (Luhe, 1901) Odhner,
1910 which was considered as the type of species of the
genus. M. sociale was separated from all other species by
having moderately long caeca surpassing the ovary poster-
iorly, submedian prebifurcal genital pore, and posterior
extent of the vitelline follicles alongside the caeca. The
parasite was first described by Luhe (1901) as Distomum
sociale from toads originally collected from Burma (now
Myanmar). Freitas (1963) considered M. sociale to be syn-
onymous with M. monas (Rudolphi, 1819) while Skrjabin
and Morozov (1959) and Wongsawad et al. (1998)
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eggs. Scale bar = 30 um

Fig. 3 Photomicrographs of Mesocoelium sociale. a magnified anterior worm body Shows left testis (L.T.), oral sucker (O.S), ovary (Ov.), right testis
(RT), vitellaria (Vit.), ventral sucker (V.S.). Scale bar = 300 um. b Shows magnified oral sucker (O.S.). Scale bar = 200 um. ¢ Shows details of eggs (E.),
left testis (L.T.), ovary (Ov.), receptaculum seminis (R.T)), right testis (R.T.), vitellaria (Vit), and ventral sucker (V.S.). Scale bar = 200 um. d Shows the

regarded it as a valid species. M. sociale is a parasite of the
intestines of amphibians and reptiles exhibiting limited
host specificity. It was mainly identified from toads, but
Norval, Goldberg, Bursey, Mao, and Slater (2014) identi-
fied it from five different species of lizards and only once
from a fish (Fiscthal & Kuntz, 1965).

M. sociale was redescribed by Cheng (1960) from India,
Wongsawad et al. (1998) from Thailand, Dronen et al.
(2012) from Malaysia and Ray, Agrawal, and Pandey
(2017) from India from the amphibians Bufo melanostic-
tus, Kaloula pulchra, Bufo asper, and Duttaphrynus mela-
nostictus, respectively. Comparing the present specimen
from the previously described forms (Table 1) leads to the
following remarks:

1- Body shape: It was elongate in all previously
redescribed forms while in the present samples, it
was very variable (elongate, fusiform, lingiuform,
pear-shaped, oval, or spoon-shaped). It seems that
the shape of the body depends mainly on the state
of contraction or relaxation at the time of fixation
of the worms.

2- Body length: Generally, it is very variable as the
range between the smallest and biggest samples.
Regardless of the body size, all specimens were

mature with uteri fully engorged with eggs.
Moreover, samples of Ray et al. (2017) were
exceptionally very small (less than 1 mm) which
may be due to the low number of described
specimens.

Body width: All redescribed forms were more or
less of the same range except those of Ray et al.
(2017) which were exceptionally narrow (less than
1/3 the width of all forms).

Size of suckers: Regarding oral sucker, more or less
the length and width of all samples were within the
same range except for that described by Ray et al.
(2017) in which the oral sucker was about twice
bigger despite being in smaller bodies..

Prepharynx length: This was not reported before,
although it was mentioned as the present (Cheng,
1960) and short (Wongsawad et al., 1998; Dronen

et al., 2012), while it was not observed in the present
samples and those of Ray et al. (2017).

Pharynx length: This was slightly shorter in
Dronen et al. (2012) and larger in Ray et al.’s
(2017) specimens.

Esophagus length: It was exceptionally very small
(about 1/6 that in other specimens) or even absent
in Ray et al.’ (2017) specimens.
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Fig. 4 Scanning electron micrographs of Mesocoelium sociale. a Shows the whole worm. b Shows the anterior end provided with oral sucker
(O.S.) surrounding the mouth opening (M.) that appears as a vertical slit, sessile ventral sucker (V.S.), and tegumental spines. ¢ Shows the muscular
oral sucker (O.S.) surrounding the mouth opening (M.) that appears as deep hole and ventral sucker on very short peduncle (Ped.). d Shows
magnified ventral sucker (V.S.) surrounded by dense tegumental spines

8- Egg size: Slight acceptable differences in all Kraus, 2009) which has been the basis for synonymies
compared forms while eggs described by Ray et al. within the genus (Dronen et al., 2012).
(2017) were surprisingly very small in length (1/3rd From the description and figures presented by pre-
to 2/3rd the length) in all other described forms. viously described forms, several remarks were noticed
as follows:

There have been studies suggesting that there are
wide ranges of variability in many of the characteris- 1- In Cheng’s (1960) form:
tics commonly used to separate mesocoeliid species
(Freitas, 1963; Thomas, 1965; Mettricr & Dunkley, a- With only one body form (elongate).
1968; Goldberg et al, 2005; Goldberg, Bursey, & b- Testes at sides of acetabulum overlapping caeca.
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Fig. 5 Scanning electron micrographs of Mesocoelium sociale. a Shows the body surface wrinkles provided with spines. b Shows the tegument
provided with curved distal-end spines arranged in transverse rows. ¢ Shows the posterior part of the body with sparse tegumental spines,
uterine coils filled with eggs, and terminate with an excretory pore (Ex.P.). d Shows the eggs with thick convex shells

c- Genital pore ventral in the middle of the esophagus. 2- In Wongsawad et al.’s (1998) form:
The ovary was posterior to the right testis.
d- Vitellaria of largely separated follicles from lateral a- The body shape was not mentioned; oral sucker
margins of the oral sucker to tips of caeca; never bigger than the ventral.
intercaecal. b- Intestinal caeca reaching a posterior third of the
body.
However, in his drawing, the genital pore was a little c- Testes located obliquely at sides of the
above intestinal bifurcation and the two testes were ob- ventral sucker, near to caeca, but not
liquely located on both sides of the acetabulum and not overlapping them.

on the same level. d- Genital pore median at the pharyngeal level.



Page 8 of 10

(2020) 81:21

Thabit and Khalifa The Journal of Basic and Applied Zoology

wrl (§20) S¥e-/61
wrl (1'7€) 95e-gCe
wr (6/¢1) T#91-S0L
wrt (SZel) L6L-G'Ly
wrl (1'€€1) 9'812-8'8S
wrl (9%51) €022-99
wrt (£22l) L'6/1-165
wrl (S0kL) T'12e-T6S

wrl (2/) £€91-891
wrl (6'L¥1) 8472-5'89
wrl (Z6L1) Te/L-€79
_Um>_®mQO 10N

wrl (9zgl)
V/81-E¥8 X (L0¥l) $T61-518

wn (9'177) €7LE-€8¢l
wrl 8417 ) 9€8¢-96G1L
wrl (§0€/) §/68-Trer
wrl (66£07) 6£08¢-L9/L
1dAB3

supnbai ojng

wrt (1) 0z-0L
wrt (8zl) 9€1-0TL
wrt (/S1) §91-061
sweg

awes

wr (Z61) €71-921
wrl (€17) ¥9L-L€L

wrt (11)
Z1-01 u3sqge 1o Uoys Ao

wrl (98) ¢6-18
wr (yel) Trl-vel
PaAISSqO 10N

wrl (£91)
1) €£1-251

LZL=¥91 X (€9

6C€) teC-¢le
LeY) CEv-LTT
02?) 0¢-00¢
S//) 06/-09/

elpy|

X (
wrl
wrt (
wrt
wrt (

snynsoupfaw snufiydoyng

wr (¢2) 52-0¢
wrt (£€) ev—ce
wrt (£G1) 08L-5C1
wrl (891) 561-StL
wrl (6e1) 87L-8LL
wrt (871) S91-0v1
wrt (9€1) 05152l
wrl (091) z8L-871

wrl (9%) 5/-8¢
wrl (£01) 081-€6
wrl (88) S01-0/

uoys

wrt (re 1)

891-871 X (£91) SZL-9v1
wrl (9€7) 09¢-G1¢

wr (€12) 5cz-00C

wrl (#+9) 889-009

WWwi (8€7) LT-8'L
eiskejely

Jadsp ojng

wrl y7-17

wri6e-1e
WW Z0-/10
Ww €20-1'0
ww s70-21'0
ww ¢z 010
ww zzo-110
Ww €20-%10

ww6/0-¢C0
WWw'1600-¢900
ww¢1'0-600
uoys

WW 1 Z'0-91'0 X ¢C0-¢1'0
WW L €0-£C0

W ze0-120

Wi $/0-50

W '¢-9¢

puejiey] ey Bueryd
paysind pjnojpy

wrl €2-0¢
wrige-1e
Ww 8L'0-/10
ww zz0-81°0
sweg

auwes

WW €20-51°0
WW #0-£1°0

y1bus| ueipay
W 860'0-5900
wuw e1o-1'0
1Uosald
(I212Welp)
wwze0-981'0
W ¢€0-£¢0
W #€0-5220
wwe/s0-£0
W Ge—8¢
elpuj

sninsoupjaw oyng

‘M sbb3

=1 sbb3

‘M KrenQ

-1 KienQ

‘M siise} Yo
7 s1sa) Ya
"M siisa1 Y61y
*7 snsa1 by

1 snbeydosaQ
‘m xufieyd
-1 xukieyd

xufieyaid

‘M X "7 13)DNS [eJJUdA
‘M 492ns |eaQ

1 492ns |el0

‘M Apog

“1 Apog

Ajedoq

1s0H

uswipads 1uasald

(£107) e 12 Aey

(107) | 1 UsUOIQ

(8661) |e 19 pemesbuopy

(0961) Buayd

3[DID0S WNJ2020S3)Y JO SWO) Paqudsap Ajsnoiasid pue uswidads Juasaid jo uospedwod duswoydion L ajqel



Thabit and Khalifa The Journal of Basic and Applied Zoology

However, in their drawing oral sucker seems to be
smaller than ventral sucker, intestinal caeca terminate a
little above the anterior half of the body and genital pore
located just above the intestinal bifurcation.

3- In Dronen et al.’s (2012) form:

a- Body sociale type, small, elliptical.

b- Esophagus longer than prepharynx. Caeca reach
well posterior to the ovary.

c- Testes mostly side by side to slightly diagonal,
overlapping ventral sucker.

d- Genital pore at the level of caecal bifurcation,
slightly submedian.

e- Ovary immediately posterior to the right testis.

- Vitelline follicles distributed along caeca from the
posterior margin of the pharynx and terminating
near to or surpassing caecal ends.

In the present authors’ opinion, Dronen et al. (2012)
provided the best and most correct description which more
or less coincides with the present described Egyptian form.
From their drawing, it is clear that the vitelline follicles’ ter-
mination is not bilaterally similar and maybe a little above
the tip of the intestinal caeca.

4- In Ray et al’s (2017) form:

a- All measurements are markedly smaller than all
previously described and the present form.

b- Despite that, measurements of suckers and gonads
are noticeably larger than the present samples.

c- Eggs were surprisingly very small (less than 2/3 of
the present eggs).

d- Morphological variations were reported (documented
by drawings) including intestinal caeca equal or
unequal extending to the middle of the body or
slightly beyond it, testes rounded or oval,
symmetrical, one on each side of the acetabulum,
obliquely placed or abnormally developed, genital
pore mostly at the level of intestinal bifurcation or
pre-bifurcal but maybe post-bifurcal (which deletes
the worms from M. sociale), and vitellaria extend
from pharyngeal region up to the end of intestinal
caeca, mostly non-confluent but sometimes confluent
well. All these differences throw a great deal of doubt
about the taxonomical identification of Ray et al.’s
(2017) form, despite being the most recently
redescribed form.

From Egypt, only Mesocoelium monas (Rudolphi, 1819)
Freitas, 1958 was identified and redescribed from Bufo
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regularis by Saad et al. (2000) in Aswan, Upper Egypt. It
was reported at a very high rate of infection (83.5%) out of
850 toads which gave the author a good chance to examine
and describe many worms and illustrating some biological
variations and deviations from their original description. It
seems that these morphological variations are a characteris-
tic feature of the genus as it was noticed in M. sociale de-
scribed in the present samples. Surprisingly, no mesocoeliid
parasites were detected in 291 Bufo regularis and 12 Rana
sp. examined during a wide-scale work done by Mohamed
(1996) in Sohag Governorate which is very near at Assiut
Governorate. Recently, the molecular characterization of
M. monas was elucidated by Mansour et al. (2014) from
specimens collected from Bufo regularis obtained from
Dakahliya and Giza Governorates. However, they did not
describe the morphological characters of the parasite, stat-
ing that these parasites were known to them from many
master’s and Ph.D. thesis without documenting the refer-
ences of these works, which throws much doubt on their
identification.

Conclusion

Mesocoelium sociale (Luhe, 1901) Odhner, 1910 is re-
corded for the first time from Egypt as a trematode parasite
of the Egyptian toads Bufo regularis and described by a light
microscope. As well, the parasite was compared with previ-
ously described forms with the discussion of its taxonom-
ical situation. The scanning electron microscopy of M.
sociale was not described before; hence, it is described for
the first time worldwide with many fine ultrastructure de-
tails in the present study. The present authors recommend
the ultrastructure of other described mesocoeliid species
which may be of great benefit in species separation.
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