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Rodent-borne cestodes of the genus Raillietina include several poorly characterized species with
potential zoonotic relevance, yet their molecular identity, host—parasite interactions, and susceptibility
to alternative anthelmintic agents remain inadequately understood. Here, we present an integrated
morphological, ultrastructural, molecular, immunopathological, and experimental evaluation of
Raillietina hymenolepidoides naturally infecting the fat sand rat (Psammomys obesus) in Egypt. Adult
cestodes were identified using light microscopy, scanning electron microscopy, and mitochondrial
cytochrome c oxidase subunit | (COI) sequencing, confirming species identity and revealing close
phylogenetic affinity to Raillietina mahnerti. Histopathological analysis of infected hosts demonstrated
severe intestinal epithelial degeneration, necrosis, and Peyer’s patch hyperplasia, accompanied by
pulmonary emphysematous changes. Immunohistochemical profiling revealed increased CD56* natural
killer cell infiltration alongside reduced CD68* macrophage and TGF-f expression, indicating altered
local immune regulation during chronic infection. In parallel, the in vitro anthelmintic activity of
Androctonus crassicauda crude venom was assessed against adult cestodes, revealing time-dependent
tegumental disruption, microtriche erosion, proglottid detachment, and parasite death, as visualized
by scanning electron microscopy. Collectively, these findings provide the first comprehensive molecular
confirmation of R. hymenolepidoides in P. obesus in Egypt and demonstrate the pronounced in vitro
cestocidal effects of scorpion venom. The study highlights the value of integrative parasitological
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approaches and supports further investigation of venom-derived compounds as potential leads for
novel anthelmintic development.
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Residents of low- and middle-income nations are disproportionately affected by rodent-borne helmet teeth,
which are neglected infections. Various genera of cestode parasites can use rodents as intermediate hosts
and spread the infection to humans and other animals!. Transmissible parasitic illnesses, which are usually
common within tropical and subtropical locations, may affect about 25% of the global populace?. Within
tropical and subtropical there are major worries about human and veterinary health since certain rat cestodes
are zoonotic and can parasitize both humans and animals®. Some of the hymenolepidid species of rodents are of
health interest since they are zoonotic and can cause severe diseases in immunosuppressed individuals*. There
are hundreds of species known to exist in the complex genus Raillietina of cestodes that inhabit a variety of
vertebrate hosts. In humans, it may result in infrequent, unintentional infections. Additionally, the only group
of the Davaineidae family reported to blight humankind is represented by the genus Raillietina. As such, this
family is largely unknown to the medical parasitological community®, Five genera of uncommonly encountered
zoonotic cyclophyllidea (Bertiella, Dipylidium, Raillietina, Inermicapsifer and Mesocestoides) may cause patent
intestinal infections in humans worldwide®. Although the recognized zoonotic kinds are linked to gnawer and
bird hosts, the majority of knowledge regarding the development of Raillietina spp. is from experimental studies
of poultry-infecting species (namely Raillietina cesticillus, Raillietina echinobothrida and Raillietina tetragona)®,
Although most species of Raillietina infect definitive hosts in birds, the three reported zoonotic species (R.
celebensis, R. demerariensis, and R. siriraji) are naturally are rodents’ natural parasites, not birds. Peridomestic
rats (Rattus norvegicus and R. rattus) and certain various murid rodents from Southeast Asia are the main hosts
of R. celebensis and R. siriraji. Numerous Neotropical rodents and sporadically monkeys have been reported to
harbor R. demerariensis’.

Raillietina spp. are potentially zoonotic or even capable, R. celebensis has been recovered from children in
southeastern Africa, Australia, Iran, Japan, Mauritius, Philippines, Taiwan, Thailand®® R. demerariensis is a
neotropical species that has been found in human infections in Cuba, Ecuador, Guyana, and Honduras. Many of
the species of these tapeworms that infect humans have a dubious taxonomic status®, they can be misidentified
as Inermicapsifer madagascariensis”.

Although the precise identity of the intermediate hosts for the zoonotic Raillietina spp. is mysterious, more
than a few ant kinds, land scuttles (family Carabidae), Scarabaeus scuttles (family Scarabaeidae), and darkling
scuttles (family Tenebrionidae) serve as intermediate hosts for other Raillietina spp.°.

Accordingly, the availability of infective stages in a highly contaminated habitat enhances the chance for
rodents and accidental (humans) hosts to be infected!?. To date, Raillietina has been identified as a cosmopolitan
parasite of small rodents. Since there aren’t many published studies on Raillietina spp. that are linked with
mammals, conclusions drawn from species that relate to rats should be regarded as preliminary. Whether R.
hymenolepidoides, which was discovered from rodents, is zoonotic or even able to infect mammalian hosts—and
vice versa—is unknown. The phylogenetic tree of Raillietina sp. (P. obesus) worldwide had not been studied
before, Nevertheless, the morphological characteristics of Raillietina spp., showed a wide range of variations
within and between species, difficult to identify by morphology'!. Many molecular techniques (RAPD-PCR,
RFLP, SSCP & LSSP) clarified knowledge of genus Raillietina. Some DNA regions (internal transcribed spacer
(ITS) gene, Cytochrome C oxidase (CO1) and nicotinamide adenine dinucleo-tide dehydrogenase subunit 1
(ND1) gene identified worms among kinds. Helminthic identification was aided using molecular techniques in
conjunction with morphological analysis'>!3.

P, obesus is found in North Africa, ranging from Mauritania to Egypt and Sudan, and east across the Arabian
Peninsula'®!®. One of the most common mammals in the world, the fat sand rat (P. obesus) is a member of
the gerbil subfamily'®. Even when fed, they maintain their leanness. It is considered a significant annoyance.
Moreover, it can host the parasite that causes leishmaniasis in humans due to Leishmania DNA that has been
discovered in this rodent using molecular studies!”. They are recognized as the primary reservoir hosts of
Bartonella sp. and Babesia sp.'8, Trypanosoma and Leishmania major'® and occasionally of Leishmania arabica®.

Three types of intestinal parasitic infection were recorded in sand rats, Trichuris muris, from Sinai Peninsula,
Egypt?!. Raillietina trapezoids and Hymenolepis nana from breeding colony in Tunisia?2.,?%. Trichuris arvicolae
from saline marsh areas (navigations) in the western part of North Coast, Egypt**. The genus scorpion is found
in Western and Central Asia as well as Africa. Numerous subspecies are recognized by this genus, which is
constantly being revised. Triple enzymatic functions—pseudocalasic, peroxydasic, and superoxide-dismutasic—
are induced by scorpion hemocyanins®. In addition to permitting efficacious remedies against poisoning,
advancements in purification, separation techniques, and labeling procedures have led to the identification
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of multiple medicinally useful biomolecules from scorpion poison. Scorpion stings are regarded as significant
authenticity and therapeutic topics worldwide. Accordingly, scorpion venom might not only pose a risk to
human health but also serve as a significant source of beneficial compounds that could prevent diseases in the
future?®. The A. crassicauda Crude Venom (ACCV) was first demonstrated experimentally contrast Echinococcus
granulosus protoscolices by?”?8, claiming that it possesses strong anthelminthic properties. According to**, T
arvicolae isolated from P. obesus underwent notable ultrastructural surface alterations because of ACCV.

This study was planned to evaluate the state of morphology, ultrastructure and to characterize the cestode
molecularly with their immunological and histopathological effects on their host and to investigate the influence
of venom on R. hymenolepidoides by SEM.

Material and method

Scorpion venom preparation and collection

Following previously published guidelines, the scorpions were collected, and their venoms were extracted and
diluted?”?8. They showed that venom was collected by electrical stimulation (20 V) in the articulation of the
telson. The venom drops were purified and gathered in an Eppendorf tube and centrifuged at 14,000 rpm at
4 °C for 15 min. The supernatant was pooled, freeze-dried, and stored at —20 °C. The lyophilized samples were
dissolved in distilled water and centrifuged at 15,000 rpm for 15 min at 4 °C.

Animals

Thirty obese sand mice (P. obesus) were taken from salty swamp regions on Egypt’s North Coast for the current
investigation. Mice were harbored in crates and reserved in chamber heat with ordinary 12 h bright/ dusky
rotation. Mice were provided with their herbs and water during the trial, and after acclimatization, animals
were humanely euthanized under deep anesthesia induced by inhalational isoflurane (5% for induction in
an induction chamber), followed by confirmation of death via cervical dislocation, in accordance with the
American Veterinary Medical Association (AVMA) Guidelines for the Euthanasia of Animals (2020). This study
is reported in accordance with the ARRIVE guidelines for reporting animal research.

Parasitological examination

For each rat, the intestine was opened and placed in physiological saline in a Petri dish for macroscopic
examination and parasitic study. Isolated cestode was taken from the small intestine; washed in saline solution
(0.9% NaCl in DW); flattened and preserved in 2% acetic acid, 3% formaldehyde, and 95% ethanol®® and kept
individually for morphological study. Then, worms were stained with acetic acid alum, dehydrated in an ethanol
series, cleared with methyl salicylate and mounted in Canada balsam*®. Some worms were preserved in 70%
alcohol for molecular analysis, and the remaining of the worms were employed to investigate the structure of R.
hymenolepidoides and parasiticidal impact of venom utilizing SEM.

Assessment of scorpion venom’s in vitro anthelmintic effectiveness

The trial helminths were categorized into 3 sets within distinct petri dishes (n=6) and cultured in Hanks’ saline
at 37%1 °C in a brooder, whereas groups I, II, and III of parasites were exposed to 100 pug/mL of ACCV at
30 min, 60 min and 90 min, respectively. SEM was used to study the structure of fresh R. hymenolepidoides and
the impact of ACCV on the external morphology of worms. After the palsy, specimens were promptly taken
from each group, namely the venom-treated and the fresh, and subsequently processed for SEM using normal
procedures. After 4-12 h of fixation in 3% glutaraldehyde, the samples were washed in 0.1-M cacodylate buffer
at pH 7.4. The samples were critical point dried in tetramethylsilane, dehydrated in increasing acetone grades,
and then sputter-coated with gold. Observations were made using Jeol JSM-6360 SEM?!.

Histopathological observation
Small pieces of the small intestine and lung were fixed in 10% neutral buffered formalin for 24 h. After fixation,
tissue samples were routinely processed for conventional hematoxylin and eosin staining; according to®2.

Immunohistochemical examination

Immunohistochemistry staining technique had been performed on the paraffin fixed tissue of small intestine
as described by**. After being deparaffinized with xylene and hydrated with a decreasing grade of ethanol, the
paraffin sections were rinsed with 1 milliliter of PBS. Antigen retrieval was performed using 1 mML sodium
citrate buffer solution (pH 6) for 10 min, then allowed to cool for 30 min before being rinsed with PBS (pH 7.4) to
demask the antigen epitopes. Afterwards, using 3% H,O, in H,O for 25 min inhibits the endogenous peroxidase
efficiency. at the room temperature (RT) was performed. After that, the sectors were gridlocked for two hours
at RT using 10% ordinary goat serum +0.2% Triton-X100/PBS. The sections were incubated overnight at 4 °C
with the following antibodies: transforming growth factor beta (TGF f, rabbit monoclonal 1:50, 1-TR059-07,
Quartett), mouse anti-CD68 (GFAP, mouse monoclonal 1:100, MC0084, Medaysis), and neural cell adhesion
molecule (CD 56 mouse monoclonal 1:500, FCMAB199P, Millipore). Sections were rinsed (3 times 10 min) in
PBS and incubated with biotinylated IgG goat anti-rabbit secondary antibody (Dako, 123 Hamburg, Germany)
diluted at 1:250 for 2 h at RT, followed by incubation with 124 Vectastain ABC (Avidin-Biotin complex) reagent
for 45 min in a humid chamber at 125 room temperature. DAB was used to visualize the response for five to ten
minutes, and Harris hematoxylin was used as a counterstain.
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Molecular analysis

DNA extraction

Genomic DNA from individual worms was extracted using the QIAamp Tissue Kit (Qiagen) for purification of
DNA from worms according to the manufacturer’s protocol, then eluted in 200 pl Tris EDTA (TE) buffer. The
quality of the genomic DNA was detected using 1.5% agarose gel electrophoresis stained with ethidium bromide
(10 ug/ml)** and OD,; was determined by Nanodrop.

Amplification

PCR was performed in a 25 pl volume of solution containing 12.5 ul Emerald Amp GT PCR master mix, 1 pl of
primer E 1 pl of primer R (10pmoles), 5 pl of template DNA (100 ng) and completed with nuclease free water to
reach the required volume. The PCR reaction was performed in a thermocycler (Biometra) using the following
cycling protocol: initial denaturation at 94° C for 5 min. and then 35 cycles of 94° C for 30 s, 54 °C for 40 s, and
72° C for 1 min. Final extension was carried out at 72° C for 10 min. Amplified products from the PCR were
electrophoresed on 1.5% agarose gels stained with ethidium bromide. A 100 bp ladder (Jena Bioscince, GmbH,
Germany) was loaded in each gel then photographed under UV light with a gel documentation system. DNA
sequences of the forward primer NC5 (5'- CGCGAATRGCTCATTACAACAGC -3') and reverse primer NC2
(5'- GGGCGGTATCTGATCGCC - 3").

Sequences analysis

PCR products were purified using QIAquick PCR Product extraction kit. (Qiagen, Valencia). Bigdye Terminator
V3.1 cycle sequencing kit (PerkinElmer) was used for the sequence reaction and then it was purified using
Centrisep spin column. DNA sequences were obtained by Applied Biosystems3130 genetic analyzer (HITACHI,
Japan), a BLAST  analysis (Basic Local Alignment Search Tool)* was initially performed to establish sequence
identity to GenBank accessions. The phylogenetic tree was created by the MegAlign module of Laser gene DNA
Star version 12.1% and Phylogenetic analyses were done using maximum likelihood, neighbour joining and
maximum parsimony in MEGA6™".

Results

Parasitological examination

The whole prevalence of R. hymenolepidoides of fat sand mice was 86.6%. Here, we detail the morphology of R.
hymenolepidoides based on specimens in naturally infected P. obesus. The structure of R. hymenolepidoides, the
gastrointestinal tapeworm of the sand rats (P, obesus), was studied using light, scanning electron microscopy and
molecular approaches.

Grossly examination
This species of Raillietina were found and the predilection site for these cestodes was the first-third of the small
intestine (Fig. 1a). The cestode R. hymenolepidoides is a whitish, soft-bodied helminth (Fig. 1b).

Morphology of Raillietina hymenolepidoides

Light and scanning electron micrographs showed that the parasite possessed the classic tapeworm body contour
composed of a succession of ribbon-like body segments, was extensively elongated, entirely covered with a
tegument, and dorsoventrally flattened. The body was broad at the posterior region, gradually narrowing toward

Fig. 1. Photograph and photomicrograph showing: (A) Heavy cestode infection which blockage the intestinal
lumen, (B) numerous isolated adult cestode, note that the cestode is a whitish, soft-bodied helminth and (C)
long ribbon of adult cestoda beginning from scolex to different proglottids, stained by (acetic acid alum X 100).
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the anterior end, and terminated at the anterior into a pin head-sized scolex. The body is very thin and fragile,
consisting of proglottids. Proglottids craspedote, always wider than long; detached gravid proglottids may be
almost spherical (Fig. 1c).

The scolex was unambiguously a round, distended and bulbous anterior end of the body, very small, well-
delineated from neck, the scolex exhibited a globular design and bore two conspicuous structural components,
namely suckers (=acetabula) and rostellum, which are the holdfasts of the worm to the mucosa of the host’s
intestine (Fig. 2A).

Suckers rounded muscular, armed with 4-5 dense rows of hooklets, there were four suckers, which were
rather evenly spaced from one another, thus located radially around the equatorial sphere of the scolex. The
rim of the sucker shows a mass of fine microtriches in the upper region and rows of pointed spines in the lower
region. The rostellar opening reveals two layers of mattock-shaped hooks along the rim, each layer consisting
of rows of hooks, and the bottom left corner showing dense microtriches that fill up the hollow rostellum. The
suckers surrounded at the center of the scolex an apical mouth-like opening called rostellum and slightly smaller
than the suckers them-selves. The apical rostellum was distinctly an invaginated, depressed and hollow structure.
the rostellum was circularly, muscular, armed with a double row of small typical davaineid hooks. Rostellar
opening surfaces have scale-like spines. Rostellar sac absent (Fig. 2B, C).

The scolex was followed by a body segment-forming portion termed the neck, which was a short and
unsegmented region, and a lavishly segmented body called the strobila. The strobila was highly elongated
consisting of a long series body segments called the proglottids. The size of the proglottids steadily increased
from the region succeeding the neck toward the posterior end of the strobila. The entire body covering of the

Fig. 2. SEM of adult R. hymenolepidoides showing (A) scolex, suckers and neck region, (B) high power of
(A), (C) the suckers surrounded at the center of the scolex an apical mouth-like opening called rostellum and
slightly smaller than the suckers themselves. The apical rostellum was distinctly an invaginated, depressed and
hollow structure. The rostellum was circular, muscular, armed with double rows of small typical davaineid
hooks. Rostellar opening surfaces have scale-like spines, note that the rim of the sucker showing a mass of
fine microtriches in the upper region and rows of pointed spines in the lower region (arrow) and (D) mature
proglottids (star) which have unilateral genital atrium.
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body is named the tegument, strobili surface has pores. Genital pores unilateral, situated slightly anteriorly to
mid-length of lateral proglottis margin (Fig. 2D).

The phylogenetic analysis
The species name refers to the overall similarity of the strobilar anatomy of this species to that of cestodes of the
family Hymenolepididae.

forest birds in Malaysia (Selangor): R. hymenolepidoides sp. nov. (Davaineidae).

Four members of the genus Raillietina (R. hymenolipidoides, R. mahnerti, R. australis, Raillietina sonini) were
characterised by their mitochondrial cytochrome ¢ oxidase subunit I (COI) gene sequences and their genetic
relationships were compared with those derived from the cytochrome ¢ oxidase subunit I sequence data. This
sequence data may prove useful in studies of the systematic and population genetic structure of the Davaineidae.

The nucleotide sequences of the COI gene in R. hymenolipidoides individuals were deposited in GenBank
with accession numbers (ON228189, ON228190 and ON228191). PCR products of this region were consisted
of 500 bp (Fig. 3).

The level of genetic distance (Divergence) in the COI between Raillietina species is shown in Table 1. The
table shows a genetic distance of 8.9 between R. mahnerti and R. hymenolipidoides, 16.4 between R. australis and
R. hymenolipidoides, and 18.9 between R. sonini and R. hymenolipidoides.

Alignment of the COI (Fig. 4) revealed that sequences of our strain were mostly identical to R. mahnerti
previously described in from Malaysian birds with accession number (MN590291) (high value of bootstrap
(100%)., while low identity with R. australis (bootstrap 72%). Our phylogenetic analysis using Maximum
Parsimony method distinguishes two major clades (Fig. 5): clade (A) comprises Davaineidae, and clade (B)
constitutes outgroup (Taeniadae, Phyllobothriidae and Diphyllobothriidae families as sister Taxa). Family
Davaineidae, clustered into 2 subclades (1) the first subclade where our strain was clustered with R. mahnerti
isolated from Malaysia, (2) the second subclade including R. australis. Notably that R. sonini arising from
independent clade with outgroup families, so there is no identity between R. sonini and R. hymenolepidoides.

Histopathological examination

As revealed by hematoxylin and eosin staining, different parts of worms present in the lumen of small intestine
with hyperplasia of Payer patches, severe degeneration in the villi of the intestine, with massive necrosis of
epithelium and lymphocytic infiltration (Fig. 6A-C). Also, pathological findings of lungs of infected rats revealed
Emphysema, bronchial lymphoid cell reaction, severe congestion in blood vessels and marked degeneration in
bronchial epithelium (Fig. 7A, B).

Immunohistochemistry observation

The host protective immune response in the intestine was assessed by immunohistochemistry. The CD 56 positive
cells showed an increase in intensity in the parasitized intestine than in normal ones. The positive cells occurred
frequently within the epithelium of the intestinal villi and in the glandular epithelium (Fig. 8A-D). Additionally,

Fig. 3. PCR products (~ 500 bp fragment) of COI gene amplified by universal primers pair from Egyptian R.
hymenolipidoides, and 1000 bp DNA Ladder Marker. (L. ladder, N.negative, Ppositive, 1, 2, and 3 triplicate of R.
hymenolipidoides).
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2 | 4 5 6 T 8 9 10 [ 11 [ 12 [ 13 [ 14 [ 15 [ 16 [ 17 [ 18 [ 19 | 20 | 21 | 22 | 23

1 100.0{100.0/91.7 |85.2 |83.3 | 84.6 |85.0 |84.4 |84.4 |84.1 |83.7 |83.5 |85.2 |85.0 |84.8 846 846|837 (841|841 | 1 MN590290 Raillietina hymenolepidoides 4

2 . 99.3 |92.2 |85.4 |83.7 |84.6 |84.8 |84.8 |84.6 |84.4 |83.7 (833|854 |852 |84.4 |[84.8 |843 (837 (839 |841| 2 MN590289 Raillietina hymenolepidoides 1

3 100.0{91.7 |85.2 |83.3 |84.6 |85.0 | 844 |844 |84.1 |83.7 |83.5|85.2 |85.0 |84.8 |846 846 837 (841|841 | 3 ON228189 Raillietina hymenolepidoides F

4 100.0 84.4 |84.1 |83.7 [83.5 (852 |85.0 |84.8 |84.6 | 846|837 (841|841 4 ON228190 Raillietina hymenolepidoides F

5 852 |85.0 | 84.8 |84.6 |84.6 |837 (841841 | 5 ON228191 Raillietina hymenolepidoides F

6 84.4 184.3 83.3 |83.7 |83.3 |83.1 /848|826 | 6 MN590291 Raillietina mahnerti 121346

7 81.581.3 /81.581.9 |81.581.7|83.0 (809 | 7 EU665473 Raillietina australis

8 84.4 1843 841 |85.0 841|837 |835 828 | 8 EUG665479 Raillietina sonini

9 88.3 /88.1/88.9 |86.5/88.9 /848 |859 (848 | 9 MK681866 Versteria mustelae

10 88.1 |88.0 | 86.1 [85.2 |86.3 |86.1 |86.5 856 | 10 MT461411 Echinococcus multilocularis CH
1 86.9 |86.7 |86.7 |84.6 |86.9 |84.6 [85.9 (848 | 11 KU743921 Echinococcus ortleppi E007

12 MW684312 Echinococcus shiquicus H19

13 MN787562 Echinococcus equinus D180 18T6
14 AB777927 Echinococcus canadensis ECUSA2
15 MN787556 Echinococcus granulosus CE36
16 0OK523384 Dipylidium caninum Dcan_canine
AT NC_021145 Dipylidium caninum Dcan

18 MK033479 Taenia lynciscapreoli R16

19 AB731758 Taenia martis TmaCr
20 MK905226 Taenia lynciscapreoli Am1
21 AB731675 Taenia ovis ToviNZ

22 KF685930 Anonchotaenia cf. brasiliensis
23 KF685924 Biuterina sp. PBI-96

Table 1. Average uncorrected genetic distances (p-distance) between species clades of Raillietina from Egypt
based on 500 bp fragment of COIL
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EUS65470 Raillietina sonini
KU743921 Echinococcus ortleppi
NC_021145 Dipylidium caninum
AB731758 Taenia martis
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ON228189 Raillietina hymenclep .
228190 Raillietina hymenolep .
228101 Raillietina hymenolep .

MN500201 Raillietina mahnerti
EUB65473 Raillietina australis
EUB65479 Raillietina sonini
KU743921 Echinococcus ortleppi
NC_021145 Dipylidium caninum
AB731758 Taenia martis

MN590289 Raillietina hymenolep
ON228189 Raillietina hymenolep

ON228100 Raillietina hymenolep -
228101 Raillietina hymenolep

MN590291 Raillietina mahnerti
EUS65473 Raillietina australis
EUB65470 Raillietina sonini
KU743921 Echinococcus ortleppi
NC_021145 Dipylidium caninum
AB731758 Taenia martis
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Fig. 4. Nucleotides multiple alignment of COI gene sequences of Egyptian Raillietina. Colored columns
represent identical nucleotide sequences between aligned isolates.

CD 68, is revealed to have a decrease in staining intensity in the parasitized intestine (Fig. 8E, F). Furthermore,
numerous cells showed positive immunoreactivity to TGF-f in the normal intestine. Nevertheless, there are few
positive cells within the intestinal villi, around the blood capillaries, and submucosa in the parasitized intestine
(Fig. 8G, H).

In vitro study
SEM observations of adult R. hymenolepidoides treated with 100 ug/mL of scorpion crude venom revealed time-
dependent tegumental alterations.

After 30 min of exposure, the scolex maintained a normal appearance (Fig. 9A). However, initial signs
of toxicity were evident as mild breaks and disorganization in the striations of both immature and mature
proglottids (Fig. 9B, C).

At 60 min, more pronounced degenerative changes were observed. The tegument of the scolex and neck
regions exhibited general shrinkage. Both suckers and the rostellum appeared distorted, characterized by surface
wrinkling and erosion of the microtriches (Fig. 9D). This period also marked significant tegumental breaches
and severe disorganization of the proglottids, where the transverse segment borders were entirely obscured by
irregular creases (Fig. 9E, F).

By 90 min, the anthelmintic effect reached its peak. The tegumental surface developed deep perforations
and extensive longitudinal/transverse breaks, leading to detachment between individual proglottids (Fig. 9G,
H). The entire body appeared severely crumpled and contracted, suggesting massive destruction of both the
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65 MN787556 Echinococcus granulosus CE36
KU743921 Echinococcus ortleppi Eo07
98 ABT777927 Echinococcus canadensis ECUSA2

MT461411 Echinococcus multilocularis CH22
KF685930 Anonchotaenia cf. brasiliensis PBI-228
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Fig. 5. Rooted phylogenetic tree among Egyptian Raillietina sp., Echinococcus sp., Dipylidium sp., Taenia sp.
based on cytochrome c oxidase subunit I (COI) gene using Maximum Parsimony method. the red circle is the
diagnosed strain: R. hymenolipidoides from examined sand rats in upper Egypt.
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Fig. 6. Photomicrographs of sections small intestine from naturally infected rats with R. hymenolipidoides:
showing (A) different parts of worms present in the lumen of small intestine, (B) Mature proglottide (star) of
R. hymenolipidoide, note massive necrosis in the epithelium villi of small intestine (C) hyperplasia of Payer
patches (H&E X400).
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Fig. 7. Photomicrographs of sections of lung from naturally infected rats with R. hymenolipidoides: showing
(A) Emphysema (permanent enlargement of the air spaces distal to the terminal bronchioles, and destruction
of the alveolar walls) (thin arrow), congestion in blood vessel (star) and degeneration in bronchial epithelium,
(B) bronchial lymphoid cell reaction (thick arrow), severe congestion in blood vessels (star) and marked
degeneration in bronchial epithelium (thin arrow).

Fig. 8. Immunohistochemical staining of immune cells in the intestine of normal (A,C,E,G) and parasitized
(B,D,F,H) intestines. (A-D) Immunoreactivity to CD 56, showing numerous natural killer cells (arrows)
within the epithelium of the intestinal villi and the glandular epithelium, which more frequent in parasitized
(B,D) than in normal intestine (A,C). (E,F) Immunoreactivity to CD 68, showing strong positive macrophages
(short arrows) in normal intestine (E) but weak reactive cells in parasitized one (F). (G,H) Immunoreactivity
to TGF-pB, showing numerous positive cells (wavy arrows) in normal intestine (G). few positive cells within the
intestinal villi, around the blood capillaries and submucosa in parasitized intestine (H).
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Fig. 9. The SEM imaging of adult R. hymenolepidoides, changes at 100 ug/mL conc. At different durations,
(A,B,C At 30 min), (D,E,F At 60 min) and (G,H,I At 90 min). (A) Normal scolex appearance. (B) Minor
breaks in immature proglottid striations. (C) Disorganization of mature proglottid striations. (D) Rostellum
collapse with wrinkled, spineless suckers. (E) Multiple tegumental breaks in proglottids. (F) Severe distortion
of tegument and segment borders. (G) Deep tegumental perforations. (H) Advanced tegumental detachment
and breakage. (I) Evident digestion of the tegumental surface.

tegumental and underlying muscle layers. Final stages of tegumental digestion and complete loss of surface
topography were evident (Fig. 91).

Discussion
Rodents are a highly diverse mammalian group and harbor many zoonotic diseases. According to reports, rats
are also hosts to certain human-transmittable bacteria, viruses, nematodes, trematodes, protozoa, and cestodes®.

The current study aimed to investigate the adult cestoda isolated from the small intestine of fat P. obesus
which captured, from places of salt marsh (Navigations) of North Coast, Egypt.

Using light and scan microscopes, morphological observations were used to accurately identify cestodes,
paying special emphasis to the molecular identity of Raillietina sp. using molecular techniques: PCR which
shows this species is R. hymenolepidoides.

However, in previous study®®, identified this species as R. trapezoides due to only using light microscope and
according to?® found tapeworm R. trapezoides in P. obesus in Tunis, a longitudinal field survey tracked seasonal
variations in parasite and host abundance?.

A longitudinal field survey tracked seasonal variations in parasite and host abundance®.

Furthermore?’, studied the cestode fauna (Platyhelminthes) of forest birds in Malaysia (Selangor). When
90 birds from 37 species were analyzed, the worldwide cestode prevalence was 15.3%. There are five new taxa
described: one of them was R. hymenolepidoides sp. nov. (Davaineidae) and R. mahnerti sp. nov. (Davaineidae)
from Chalcophaps indica (Linnaeus, 1758) (Columbidae). These findings corroborate with* assertion that some
morphological criteria confirmed cestode identification.

They described a unilateral posterior genital, an armed rostellum with two rows of hammer-shaped hooks,
and ovals to rounded armed suckers.
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Moreover?!, reported that two genera (Raillietina sp. I, Raillietina sp. II) found in the Nile rat (Arvicanthis
niloticus Desmarest), which trapped from different regions of Sudan.

When the tapeworm, R. trapezoides Janicki 1904, was first reported, it was known as Davainea trapezoides,
from the Egyptian species “Mus variegatus” (A. niloticus). The species has been identified in dipodid and
gerbillid rodents, including Jaculus jaculus, P. obesus, Meriones spp., and Gerbillus spp.?2. It is unknown which
intermediary host they use?.

African rodents, such as M. musculus and Rhabdomys sp., harbor many species of this genus of Raillietina®2.
Their intermediate host (s) is unknown however®, reported that mites (Siphonaptera) are their intermediate
hosts, hence we must study the rodent diet. The high rate of infection (65%) in rats taken from the Khartoum,
an area that is probably home to a higher density of intermediate hosts, may be explained by the theory that
the cysticercoids develop in insects, even though the life cycle of the majority of these worms is unknown**.
According to*’, these insects may consume the same foods as rats or meet their waste.

Comparing studies on different species of Raillietina described in different rodents worldwide, R.
hymenolepidoides of our study can be exactly identified for the first time in this species of rodents. We identified
one hymenolepid species from sand rats’ small intestines in Egypt. We found that R. hymenolepidoides had
prevalence in our study with 26 rats (86.6%) whereby rats exhibited these species for the first time relatively
with other studies worldwide. The current results higher than® who showed prevalence of R. trapezoides in the
gastrointestinal tract of 4 rats (12%).

As far as we are aware, this is the first time we have comprehensively assessed the ACCV anthelmintics’ in
vitro activity against R. hymenolepidoides.

Antihelimentic effect of A. crassicauda scorpion venom against Raillietina spp. showed breaks in striation of
immature proglottids, disorganization of striation in mature proglottide, both the suckers were wrinkled and
lost the otherwise smooth contour, marked breaks in the tegument of proglottids of the worms, severe distortion
and disorganization of the tegument, the transverse borders of the segments were entirely distorted by irregular
crease, the surface of the tegument developed into deep perforations, breaks occurred in the tegument of
proglottid leading to their breakage and detachment between proglottid, severe distortion and disorganization of
the tegument, and digestion of the tegumental surface. From the previous data, we concluded that ACCV may be
powerful. A forgoing study was performed to assess the effectiveness of A. crassicauda scorpion venom (ACCV)
against E. granulosus and Fasciola gigantica and T. arvicolae by?*?7-?8:46 respectively.

%7 reported that 100 pg/mL of ACCYV, can destroy all E.granulosus protoscolices after 240 min incubation.

According to?®, protoscolices that were brooded at 100 ug/mL of ACCV showed a significantly higher
expression of caspase-3 than those that were brooded at 50 pg/mL. Additionally, ACCV causes distinct
morphological and ultrastructural changes in protoscolices that can be seen by TEM, light, and SEM imaging.
These changes include tegumental damage, some regional contraction, rostellum disarray, hook loss, and
microtriche shedding in scolex regions.

Additionally, using scanning electron microscopy®*, demonstrated that ACCV caused a notable ultrastructural
surface alteration in T.arvicolae, including noticeable cuticular sloughing, disintegrated bacillary glands, vulva
bursting, and anal edema.

47 showed that in cases of severe and persistent infestation, the intestines displayed variable degrees of
degenerative alterations to mucosal sloughing. and inflammatory reaction in areas of mechanical damage
by scolices in infected domestic fowl by R. cesticillus. Enteritis, intestinal blockage, and gastrointestinal tract
perforation can be caused by high levels of Raillietina. The small intestine is home to adult cestodes*. The
availability of food may help to explain this. In cases of severe infection, cestodes were found throughout the
intestine, suggesting that competition compelled some of them to settle in less desirable areas.

Moreover, in our study microscopic examination of the small intestine revealed different parts of worms
present in the lumen of small intestine with hyperplasia of Payer patches, severe degeneration in the villi of the
intestine, with massive necrosis of epithelium and lymphocytic infiltration. These results compatible with** who
found that different parts of R. trapezoides inside the intestinal lumen.

with those of necrotic enteritis. Additionally*’, found that necrotic enteritis with diffuse mucosal degradation
and mononuclear cell infiltration was present in the intestines of hens infected with Raillietina sp. Moreover™,
reported that avian Gallus domesticus infected with Raillietina spp. showed inflammatory swelling surrounding
the parasites combined with histopathological changes such as necrosis and degeneration of the muscularis®.

Observed the presence of lymphocytes in the submucosa, while®? found hyperplasia of lymphoid follicles.
Similarly, necrotic enteritis with diffuse mucosal degeneration and sloughing, and mononuclear cells infiltrations
were observed by*® in domestic chickens which were similar to our observations.

Little is known about the local immune response in the parasitized intestine. Our results demonstrate some
proteins which play a significant function in the innate immunity of the intestine. CD 56 is mostly expressed in
natural killer cytotoxic lymphocytes and other lymphocyte and monocyte subtypes™. CD 56 natural killer cells
are a crucial cell component of the innate immune system>. In the current study CD, 56 positive cells showed
an increase in the intensity in the parasitized intestine than in normal. Natural killer cells’ actions contribute to
the vigorous inflammatory responses that are associated with severe disease™. Additionally, CD 68, is a protein
found in the granules of macrophages®, the intensity of CD 68 immunostaining revealed a decrease in the
parasitized intestine. This finding means that there is a decline in the macrophage infiltration in the infected
intestine. A possible explanation for this result may be because of the chronic infection. The greatest number of
resident macrophages are present in the physiological state of the intestine®”. The intestinal inflammation induces
the decrease of lamina propria infiltrating CD 68 positive macrophage, which may be through enhancement of
macrophage apoptosis®. TGF-f is a cytokine produced by various cells including B and T lymphocytes and
activated macrophages. Interestingly, in the present work numerous cells showed positive immunoreactivity to
TGF-f in the normal intestine. However, there are few positive cells within the intestinal villi, around the blood

Scientific Reports |

(2026) 16:10540 | https://doi.org/10.1038/s41598-026-43187-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

capillaries, and submucosa in the parasitized intestine. The cells of the immune system produce the TGF-
cytokine, which exerts anti-inflammatory functions, and is the main regulator of the immune response®. Taken
together, the immunohistochemical findings imply that the chronic parasitic infection led to gradual exhaustion
in immune response because the parasite penetrates deeply through the alimentary canal epithelium and caused
extensive damage. That comes in line with our histopathological results which showed extensive destruction of
the intestinal epithelium. The pathogenicity of the intestinal parasite is attributed to two factors: density of the
parasitic infestation and depth of worm penetration®.

Also, pathological finding of lungs of infected rats reveled Emphysema, bronchial lymphoid cell reaction,
severe congestion in blood vessels and marked degeneration in bronchial epithelium. These results are compatible
with®162, who reported that although a murine-adapted strain of Nippostrongylus brasiliensis larvae are present
for only a few hours, infection results in lasting changes to the immunological, physiological and structural
architecture of the lungs. Structurally, the initial damage inflicted by the larvae results in focal areas where the
respiratory epithelium is destroyed causing the formation of emphysema like lesions®"®%. As in emphysema,
airspace enlargement is heterogeneous, widespread and progressive®?.

As rodents are usually infected with a number of Zoonotic parasites, hence control of these animals has a
vital component in safeguarding public health due to parasites represent a major threat for animals, especially
in case of direct life cycles.

The genealogical relationship of a group Raillietina spp. is often expressed as a phylogenetic tree. Based on
the availability of excellent computer program software for phylogenetic analysis was constructed phylogenetic
tree. To clarify the systematics and to reveal the phylogenetic relationships between Raillietina spp in Egypt,
fragments of Cytochrome C oxidase (CO1) is herein sequenced and analyzed for genetic variation. This study
introduced the CO1 gene sequence as a good marker for phylogenetic analysis of Raillietina spp. in addition to
the morphological characters.

Although these variances can be ascribed to variations in climate circumstances, environmental hygiene,
prior control interference, occupant socioeconomic status, intermediate host abundance, and host vulnerability
to parasite infection, more research should be done to determine the prevalence of cestoda infection in sand rats
in various countries.

Conclusion

This study provides a re-description of R. trapezoides molecularly and identifies that it is R. hymenolepidoides. It
highlights the significance of molecularly identifying Raillietina species in Egypt. Additionally, this study offered
a clear assessment of how black scorpion poison affects these common cestodes. As far as the authors are aware,
this is the first study to measure the anthelmintic effects of ACCV on gastrointestinal cestoda. This necessitates
additional research to identify the active ingredients by refining the crude venom before applying it in vivo, due
to the venomous scorpion A. crassicauda having a very low LD50 value. If this is the case, scorpion venom could
be used to assist in managing intestinal helminths in humans and animals as well as to develop a necessary new
medication.

Data availability

The datasets generated and/or analysed during the current study are included in this published article and its
supplementary information files. DNA sequence data have been deposited in GenBank under accession num-
bers ON228189, ON228190, and ON228191. Additional raw data are available from the corresponding author
upon reasonable request.
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