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Abstract
Background and Aim: Some rat cestodes are zoonotic and are capable of parasitizing humans and animals, raising serious 
concerns regarding human and veterinary health. The study aimed to determine the prevalence and risk factors for cestodes 
in Egyptian house rats and to characterize the cestodes molecularly.

Materials and Methods: The current survey examined 115 house rats (Rattus rattus) in two cities (Edfu and Aswan) 
in Egypt’s Aswan Governorate for cestode infection using integrated molecular approaches (polymerase chain reaction, 
sequencing, and phylogenetic analysis) and morphological/morphometrical approaches.

Results: The cestodes identified in this study exhibited the typical morphological characteristics of Hymenolepis diminuta 
(Rudolphi, 1819), Hymenolepis nana (Siebold, 1852) (from rat intestine), and Hydatigera taeniaeformis (from rat liver). 
The species prevalence rates from these three studies were reported to be 8.7%, 10.4%, and 20.9%, respectively. The 
ribosomal DNA (ITS1, 18S, and complete ITS) sequences revealed that the hymenolepid sequences were highly distinct 
but were related to other sequences in the GenBank database, with some sequences showing high similarities to those of H. 
nana and H. diminuta. In addition, the H. taeniaeformis sequences (ITS2 and mitochondrial cytochrome c oxidase subunit 1 
[mtCOX1]) obtained in this study were highly similar to some Taenia taeniaeformis GenBank sequences. The constructed 
phylogram revealed that the hymenolepidid tapeworms examined in this study were classified into four major branches (the 
majority of which were hybrids of the two species) and belonged to the genus Hymenolepis. In addition, the phylogram of 
H. taeniaeformis assigned this species to T. taeniaeformis.

Conclusion: When typical hymenolepid morphology is combined with molecular and phylogenetic divergence, it may 
indicate the existence of possible cryptic species. In addition, on the basis of the phylogenetic analysis, genetic diversity 
within T. taeniaeformis may exist as determined by comparing the metacestode mtCOX1 sequences. The current study 
presents the prevalence values of zoonotic cestodes and contributes to the body of knowledge, including identification keys 
and the use of molecular tools for species confirmation.
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Introduction

Around 25% of the world’s population may 
be infected with transmissible parasitic infections, 
which are typically prevalent in tropical and sub-
tropical regions. Such infections lead to reduced 
worker productivity and the depletion of economic 
resources [1]. Rodent-borne helminthiases are 
neglected diseases that disproportionately affect (but 
are not limited to) residents of low- and middle-in-
come countries. These cause a variety of health prob-
lems in humans, including malnutrition, increased 
prevalence of malaria and HIV/AIDS, decreased 
vaccine effectiveness, and increased incidence of 
allergies [2].

The house rat, Rattus rattus, is one of the world’s 
most widespread mammals [3]. It is regarded as a 
serious pest in urban and rural areas due to the eco-
nomic damage it causes and the fact that it harbors and 
spreads zoonotic pathogens such as viruses, bacteria, 
protozoa, and helminths [4-6].

Rodents can serve as intermediate hosts for cestode 
parasites and can transmit them to other animals such as 
cats, in the case of the parasite Hydatigera taeniaeformis 
(Taenia taeniaeformis), or as reservoir hosts, in the case 
of Hymenolepis spp. [7]. Hymenolepiasis is a zoonotic 
parasitic infection spread by the cestodes Hymenolepis 
nana and Hymenolepis diminuta. Of these, H. nana is by 
far the most prevalent because it is frequently transmitted 
directly to children through contaminated hands, dust, 
food, and water. Human infections with H. diminuta are 
uncommon and typically result from accidental inges-
tion of small arthropod intermediate hosts. The family 
Hymenolepididae contains over 920 species of tape-
worms that infect birds and mammals [8].

H. taeniaeformis is the larval stage of the 
adult tapeworm T. taeniaeformis (alternative names: 
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Cysticercus fasciolaris, Hydatigera fasciolaris, 
Strobilocercus fasciolaris, or T. crassicolis), which is 
found worldwide and primarily infects the small intes-
tines of felines and canines following the ingestion of 
infected rodent livers [9]. H. taeniaeformis is a poten-
tial zoonotic parasite. Although this cestode can infect 
humans, this is a rare occurrence and has only been 
reported in individuals from Argentina, the Czech 
Republic, Denmark, Taiwan, and Sri Lanka [10-12].

Molecular biology techniques such as poly-
merase chain reaction (PCR) and sequencing can 
easily identify parasites [13,14]. However, the taxo-
nomic and systematic statuses of Hymenolepididae 
and Taeniidae, as well as their family and generic 
phylogenetic relationships, remain unknown [15]. At 
present, the use of nuclear ribosomal DNA (rDNA) 
and mitochondrial cytochrome c oxidase subunit  1 
(mtCOX1) as markers makes these methods powerful 
tools for resolving exceptional taxonomic challenges 
and separating closely related genera and species [16].

Recognizing cestode distribution and population 
genetics is critical for controlling them since it influ-
ences their systematics, epidemiology, genesis, and 
ecology [17]. The house rat likewise plays a critical 
role in understanding the epidemiology of diseases 
transmitted by cestode hosts. Inadequate urban infra-
structure and sanitation significantly affect rat abun-
dance and increase the rate of rat–human contact. 
Thus, residents of underprivileged urban areas are 
more susceptible to rat-borne infections, with drug 
users, the immunocompromised, and the homeless 
being the most disadvantaged [4,18,19]. However, few 
studies on rodent polyparasitism have been conducted 
in Egypt, particularly in the Upper Egypt region. There 
is currently no information on rodent tapeworms in 
Egypt’s Aswan Governorate, an ancient region of inter-
national tourist importance that serves as the country’s 
southernmost region and gateway to Africa.

This study aimed to conduct a prevalence sur-
vey  in two locations (Edfu and Aswan) in the Aswan 
Governorate to ascertain the presence of cestode par-
asites in house rats and the effect of house rats on ces-
tode parasite transmission. We additionally performed 
molecular and phylogenetic analyses on nuclear and 
mitochondrial loci to validate our identifications, 
examine the rates of genetic variation and differentia-
tion, and augment the cestode genetic dataset.
Materials and Methods
Ethical approval

The current study was approved by Aswan 
University’s Research and Graduate Studies Council. 
It follows a standard operating procedure that has 
been approved by Aswan University’s Animal Use 
and Care Committee.
Study period and area

The study was conducted from January 2016 
to December 2019 in the residential communities of 
Aswan and Edfu in Egypt’s Governorate of Aswan. 

Aswan Governorate is the southernmost governorate 
in Upper Egypt, with Aswan as its capital city. At lat-
itude 22 north of tropical cancer, Aswan Governorate 
borders Luxor Governorate to the north, Red Sea 
Governorate to the east, New Valley Governorate to 
the west, and Northern State of Sudan to the south. 
This covers an area of 62,726 square kilometers. Edfu, 
Aswan’s northernmost city, is located on the border 
with Luxor, while Aswan, Egypt’s southernmost city, 
and is located on the Sudanese border (Figure-1) [20]. 
The two neighborhoods are located in a rural/urban 
area with a middle socioeconomic status and are 
defined by paved streets, a variety of small businesses, 
middle-class housing, and vacant lots. In these neigh-
borhoods, pets (i.e., dogs and cats), weeds, shrubs, 
and trees are common.
Animals and parasites

Wire traps were baited with baked cheese and 
distributed throughout the yard near areas where 
rodent activity was observed. Fifty traps were set 
daily for 3  days at each trapping site, comprising 
approximately 2  km of land. A  total of 115 house 
rats (45 in Edfu and 70 in Aswan) were captured and 
identified in the field using a morphological rodent 
identification key [21] and immediately transported to 
the laboratory. This study used only house rats, and 
any other species that were captured were released. 
Rats were then anesthetized and killed in a small con-
tainer of ether. The rats were dissected immediately 
after killing, and their internal organs were immersed 

Figure-1: General map of Egypt illustrating the Aswan 
Governorate and the locations of sampling sites marked by 
arrows; blue indicates the Nile, green indicates agricultural 
flood plains, and yellow indicates wadies. Map is modified 
after [20].
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in physiological saline and examined for tapeworm 
infections. Any tapeworms found were extracted from 
the infected rats, washed with saline, and examined 
under a light stereomicroscope for initial identifica-
tion. Individual tapeworm fragments were stored at 
−20°C in 70% ethanol for molecular experiments. The 
remainder of each tapeworm was fixed in neutral buff-
ered formalin for further morphological confirmation.
Examination of morphology

Each rat’s isolated tapeworm species were counted 
to determine the prevalence and intensity of infection. 
Mature eggs of Hymenolepididae were obtained from 
terminal gravid proglottids in saline solution. The fixed 
cestode parasites were then sequentially fixed, stained 
with alum carmine, dehydrated in ascending grades 
of alcohol, cleared in xylene, and finally mounted 
in Dibutylphthalate Polystyrene Xylene. The tape-
worms were then morphologically and morphomet-
rically examined using a light microscope (Olympus 
CX41, Japan) and photographed using a digital camera 
(Olympus DP74) attached to the microscope (Olympus 
BX43). Drawings were created using a drawing tube, 
and measurements in millimeters were taken using a 
light microscope. The tapeworms were then identified 
using morphological taxonomic Key [22].
Molecular analysis

Genomic DNA (gDNA) extraction
gDNA was isolated from individual ethanol-pre-

served tapeworms using a slightly adapted phenol/
chloroform protocol [23]. In brief, the parasite mate-
rials were digested with proteinase K in ALT buffer 
overnight at 56°C (Dneasy Kit, Qiagen) and then pre-
cipitated with 5.2 M ammonium acetate. The samples 
were diluted in 20-50 μL of dH2O according to pellet 
size, and concentrations of gDNA samples were deter-
mined spectrophotometrically using a Nanodrop spec-
trophotometer (Implen NP80, Germany).

Primer design and PCR
The following markers and primers were used:
A.	 Hymenolepis spp.

1.	 Ribosomal ITS1 gene using the forward 
BD1  (5′-GTCGTAACAAGGTTTCCG
TA-3′) and reverse 4S (5′-TCTAGATG 
CGTTCGAAGTGTCGATG-3′) primers [24]

2.	 Entire ITS sequence using the forward P1 (5
′-GTCGTAACAAGGTTTCCGTAGGTG-3′) 
and reverse P2 (5′-TATGCTTAAGTTCAGC
GGGTAATC-3′) primers [25]

3.	 Ribosomal 18S marker using the forward and 
reverse primers 18S81 (5′-TTCACCTACGG
AAACCTTGTTACG-3′) and 18S83 (5′-GAT
ACCGTCCTAGTTCTGACCA-3′) [26].

B.	 H. taeniaeformis
1.	 For ITS1, two pairs of primers were used: 

Forward MCesS1F (5′-  GCGTGTCC 
GTCTCTCTCT-3′) and reverse MCesS1R 
(5′-ACGCACA ACCATCACCACTA-3′). 

These were designed using GenBank 
accession number FJ939134. These 
were followed by the forward CesS1F 
(5′-GCCCGAGAGGAGTTGTGTTA-3′) 
and reverse CesS1R (5′-AAGGGA 
GAAGGGAAG ACCAA-3′) using GenBank 
accession number EU051351

2.	 For ITS2, two pairs of primers 
were designed: Forward MCesS2F 
(5′-TGACTTCCATTGCGTCCATA-3′) 
and reverse MCesS2R (5′-GCACAG 
CTGACCTGTACTGC-3′) using the 
GenBank accession number FJ939133. These 
were followed by the other forward CesS2F 
(5′-GCACACCCTAACCCAAACAC-3′) 
and reverse CesS2R (5′-ACGGTG 
GATAGGGGCTGTAT-3′) using GenBank 
accession number EU051352

3.	 A pair of primers was designed for mito-
chondrial COX1 using the GenBank acces-
sion number FJ939135: forward MCesC1F 
(5′-AACCCCACCAAACGTAAACA-3′) 
and reverse MCesC1R (5′-AGGAAGA 
AGGGTGAGGTC-3′).

PCR amplifications were performed in a total 
volume of 50 μL containing 1× thermo buffer (MyTaq 
Red Reaction buffer, Bioline. UK), 10-20 pmol forward 
primer, 10-20 pmol reverse primer, 10 mM dNTPs mix 
(Alliance Bio, USA), 5 u/μL Taq polymerase (Bioline, 
UK), and 0.1-0.2 μg gDNA. The amplifications were 
performed in a thermocycler (Sensoquest Lab cycler, 
SensoQuest GmbH, Germany) under the follow-
ing cycling conditions: Initial denaturation at 95°C 
for 5  min, followed by 35  cycles at 94°C for 30 s; 
annealing at 54-58°C for 30 s; elongation at 72°C for 
30 s; and final extension at 72°C for 5 min. Samples 
containing rat intestine DNA or lacking gDNA were 
included in the PCR as controls. Amplification prod-
ucts were analyzed and stained with ethidium bromide 
on 1% agarose gel. The DNA bands were then visu-
alized and photographed immediately using an ultra-
violet (UV) gel documentation unit (UVP Bio-Doc 
IT-220 Imaging system, BioExpress, USA).

Sequencing
The PCR products were purified according to 

the manufacturer’s protocol using the DNA Clean 
and Concentrator Kit (Zymo Research, USA) or 
QIAquick® PCR Purification Kit (Qiagen, Hilden, 
Germany). Purified PCR products were sequenced in 
both directions (forward and reverse) using the same 
primers as in the initial PCR using a dideoxy termina-
tion method (Macrogen Inc., Korea) and an Applied 
BioSystems sequencer automated DNA sequencing 
system (Model 3730XL) (Applied BioSystems, USA).

Sequence and phylogenetic analysis
The NCBI Blast program was used to conduct 

homology searches on each sequence (http://www.
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ncbi.nlm.nih.gov/). Each forward sequence was then 
compared to its reverse complement and manually 
adjusted and assembled using the CAP3 program. 
Following that, the generated sequences were aligned 
to each other and to the most homologous sequences 
in the database using the multiple sequence alignment 
program CLUSTALW. Phylogenetic trees were con-
structed using the online tool Phylogeny.fr, aligned 
using MUSCLE (v3.8.31), and optimized for max-
imum accuracy (MUSCLE with default settings). 
After alignment, ambiguous regions (i.e., containing 
gaps and/or misaligned) were removed using Gblocks 
(v0.91b). The phylogenetic tree was then recon-
structed using the PhyML software’s maximum like-
lihood approach (v3.1/3.0 aLRT). Finally, TreeDyn 
(v198.3) was used to graphically represent and edit 
the phylogenetic tree [27].
Results
Morphological identification

The morphological characters depicted in 
Figures-2-4 are the result of light microscope exam-
inations and drawings of H. nana, H. diminuta, and 
H. taeniaeformis.

H. nana was identified as 10 small cestodes 
found in the rat’s small intestinal lumen, and these 
were creamy white and measured 35  mm (ranging 
from 27.5 to 42.5 mm) in total body length. The body 
consisted of a small scolex with an armed rostellum 
and a multistrobila that was wider than its length. 
The scolex diameter measured approximately 0.17 

(range, 0.12-0.20) mm, whereas the sucker diameter 
measured approximately 0.07  (0.05-0.08) mm. The 
rostellum was armed with approximately 23 (22-24) 
hooks with an approximate length of 0.013  (0.012-
0.015) mm. Immature proglottids had an average 
length of 0.025  (0.020-0.030) mm and an average 
width of 0.185  (0.170-0.200) mm. Mature proglot-
tids measured approximately 0.085 (0.050-0.120) mm 
in length and 0.485 (0.170-0.800) mm in width. The 
male reproductive system consisted of three spher-
ical testes (one poral and two antiporal). The testes 
measured approximately 0.060  (0.050-0.063) mm in 
diameter. Bipartite seminal vesicles, one outer and 
one inner, led to the cirrus and were encircled by a 
cirrus pouch. The female reproductive system con-
sisted of a bilobed ovary, with each lobe measuring 
0.057 (0.050-0.063) by 0.055(0.025-0.030) mm in 
the median of the proglottid and opening into a small 
öotype receiving a vitelline duct from a large compact 
vitelline gland. The gravid proglottid had an average 
length of 0.16 (0.13-0.18) mm and an average width 
of 0.85  (0.75-1.00) mm. The average egg diameter 
was 0.040  (0.035-0.050) mm. The average embryo 
diameter was 0.026 (0.025-0.030) mm (Figure-2).

H. diminuta was identified as eight slightly lon-
ger cestodes found in the rat’s small intestinal lumen, 
and these were creamy white and measured approxi-
mately 330 mm (ranging from 220 to 450 mm) in total 
body length. The body consisted of a small scolex 
and a series of long multistrobila with greater length 

Figure-2: Hymenolepis nana morphological characteristics. (a and b) A camera lucida drawing of scolex reveals a 
retractile rostellum with hooks and suckers; (c) A camera lucida drawing of mature proglottid reveals the structure of 
the genital organs; (d and e) A microphotograph of scolex reveals a rostellum and suckers; and (f) A microphotograph of 
mature proglottid. cir.=Cirrus, cir. s.=Cirrus sac/pouch, h.=Hook(s), i. s. v.=Inner seminal vesicle, o. s. v.=Outer seminal 
vesicle, oot.=Öotype, ov.=Ovary, r. s.=Receptaculum seminis, ro.=Rostellum, s.=Sucker(s), t.=Testis/Testes, u.=Uterus, 
va.=Vagina, ves.=Vestibule, vit. g.=Vitelline gland(s).

a

c

b

d e f
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than width. The scolex diameter measured approx-
imately 0.17  (0.12-0.20) mm, whereas the sucker 
diameter measured approximately 0.08  (0.06-0.10) 
mm. Immature proglottids had an average length of 
0.055  (0.030-0.070) mm and an average width of 
0.75  (0.45-1.35) mm. Mature proglottids measured 
approximately 0.16  (0.13-0.20) mm in length and 
1.35 (1.20-1.50) mm in width. The male reproductive 

system consisted of three spherical testes (one poral 
and two antiporal). The testes measured approxi-
mately 0.12  (0.10-0.15) mm in diameter. Bipartite 
seminal vesicles, one outer and one inner, led to 
the cirrus and were encircled by cirrus pouch. The 
female reproductive system consisted of a bilobed 
rosette-shaped ovary, with each lobe measuring 
0.165  (0.150-0.180) by 0.115  (0.100-0.130) mm in 
the median of the proglottid and opening into a small 
öotype receiving a vitelline duct from a large compact 
vitelline gland. The gravid proglottid had an average 
length of 0.45 (0.40-0.55) mm and an average width 
of 3.4  (2.5-4.0) mm. The average egg diameter was 
0.040 (0.035-0.050) mm. The average embryo diame-
ter was 0.026 (0.025-0.030) mm (Figure-3).

H. taeniaeformis larvae exhibited typical char-
acteristics of the family Taeniidae. Specimens were 
extracted from rat livers and were encased in a 
creamy, fibrous cyst filled with clear and transparent 
cysticercus fluid. The cysts measured approximately 
6.5  (2-10) mm in diameter. The body consisted of a 
scolex and immature strobila and measured an average 
of 19 (6.25-31.25) mm in length. The scolex measured 
approximately 1.6 (1.3-1.7) mm in length and 1.6 (1.2-
1.9) mm in width, with four prominent lateral suckers 
measuring approximately 0.035 (0.030-0.040) mm in 
diameter. The scolex supplied a rostellum armed with 
double rows of 34-40 hooks, with the outer row con-
taining large hooks of 0.42 (0.38-0.45) mm length and 
the inner row containing smaller hooks of 0.23 (0.19-
0.27) mm length. All of the hooks were taenoid in 

Figure-4: Hydatigera taeniaeformis morphological 
characteristics. (a) Camera lucida drawing of scolex with 
rostellum and four suckers; (b) camera lucida drawing of 
outer hooks (a) and inner hooks (b); (c) microphotograph of 
scolex with rostellum and suckers; and (d) microphotograph 
of terminal bladder. bl.=Blade, bld.=Bladder, h.=Hook(s), 
ro.=Rostellum, s.=Sucker(s).

a b

c d

Figure-3: H. diminuta morphological characteristics. (a and b) A camera lucida drawing of a scolex reveals the rostellum 
and suckers; (c) a camera lucida drawing of a mature proglottid reveals the structure of the genital organs; (d) a 
microphotograph of a scolex reveals the rostellum and suckers; and (e) a microphotograph of a Mature proglottid. 
cir.= Cirrus, cir. s.=Cirrus sac/pouch, i. s. v.=Inner seminal vesicle, o. s. v.=Outer seminal vesicle, oot.=Öotype, ov.=Ovary, 
r. s.=Receptaculum seminis, ro.=Rostellum, s.=Sucker(s), t.=Testis/testes, u.=Uterus, va.=Vagina, ves.=Vestibule, vit. 
g.=Vitelline gland(s).

a
c

d e

b
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design, with long, and blunt handles that measured 
0.21  (0.18-0.23) mm (large hooks) and 0.11  (0.09-
0.12) mm (small hooks). Each hook had a sharply 
curved pointed blade measuring 0.23 (0.20-0.25) mm 
(large hooks) and 0.13 (0.10-0.15) mm (small hooks). 
The strobila consisted of short segments that termi-
nated in a bladder, resembling a small tapeworm but 
lacking reproductive organs. All of these morpholog-
ical characteristics were consistent with the larval 
stage of T. taeniaeformis (Figure-4).
Prevalence and distribution

In our survey, we identified 115 rats as R. rat-
tus based on morphological characteristics. Of these, 
42 rats (36.52%) were found to be infected with ces-
todes. Two species of hymenolepidid cestodes were 
identified in the rat intestines, namely, H. nana and 
H. diminuta, which were found in 10.43% and 8.70%, 
respectively, of the total number of rats. We addition-
ally detected the taeniid H. taeniaeformis cyst stage in 
20.87% of the examined rat livers (Table-1).

Table-2 shows the distribution of cestode infection 
in house rats for two sites in the Aswan Governorate. 
All three detected species were discovered at both of 
the sites investigated. H. nana and H. diminuta were 
both prevalent in Edfu City, accounting for more 
than 57% and 35% of infected rats, respectively, and 
H. taeniaeformis was more prevalent in Aswan than 
in Edfu. Aside from a few cases where two species 
coinfected a single rat, the rats were mostly infected 
by a single species. No rat was found to be coinfected 
by all three species (Table-3).
Molecular analysis

The ITS1, complete ITS, and 18S amplicons 
obtained from the gDNA samples of H. diminuta and 
H. nana were 900, 1500, and 1050  bp, respectively 
(Figure-5a). Three H. diminuta sequences were gener-
ated and deposited into GenBank for validation under 
the accession numbers MF143798 (ITS1), MF067416 
(complete ITS), and MT448710 (18S). Blast analyses 
of the three sequences revealed that they were dis-
tinct from all other sequences in the GenBank data-
bases. The ITS1 and 18S sequences bore no resem-
blance to other H. diminuta sequences. However, the 
complete ITS sequence had a high identity (92%) 
to two H. diminuta sequences (accession numbers 
MK787167 and MK787168) in the GenBank data-
bases with 48% query coverage. Interestingly, both 
the newly submitted ITS1 and the complete ITS 
sequences demonstrated 100% identity with 54% cov-
erage due to the fact that ITS1 is a fragment of the 

Table-1: Cestodes prevalence and mean intensity.

Helminthes Frequency Prevalence % No. of Parasite 
in each rat

Mean Intensity

Cestodes 42 36.52
Hymenolepis diminuta 10 8.70 1-4 0.1-0.5
Hymenolepis nana 12 10.43 1-5 0.09-0.5
Hydatigera taeniaeformis 24 20.87 1-25 0.05-1.13

complete ITS. Three H. nana sequences were gener-
ated and deposited into GenBank for validation under 
the accession numbers MT454661 (ITS1), MT448788 
(complete ITS), and MT448789 (18S). The three blast 
analyses revealed these sequences to have 98.2%, 
94.19%, and 97.27% identity, respectively, for the 
closest GenBank database sequences (AF461124, 
AF461124, and AY193875). Interestingly, the newly 
submitted ITS1 and complete ITS revealed a 90.93% 
identity with 68% coverage of each other.

Only one of the designed primer pairs (CesS2F/
CesS2R) successfully amplified the H. taeniaeformis 
ITS2 rDNA marker. Amplicons of 250  bp (ITS2) 
and 200  bp (mitochondrial COX1) were generated 
(Figure-5b). Two sequences were obtained and sub-
mitted to GenBank for validation under the accession 
numbers MT454664 (ITS2) and MT512661 (COX1). 
A blast search of the ITS2 sequence revealed 98.84% 
identity to T. taeniaeformis (GenBank accession num-
ber FJ939133). Additional blast analyses of the COX1 
sequence revealed a high degree of identity (99.53%) to 
eight T. taeniaeformis sequences (GenBank accession 

Figure-5: Gel analysis of PCR products from the three 
detected cestodes species under UV light stained with 
ethidium bromide. (a) Hymenolepis amplicons for gene 
markers: ITS1 ~ 900 bp; complete ITS ~ 1500 bp; 18S ~ 
1050 bp; and (b) Amplicons of Hydatigera taeniaeformis 
mtCOX1 ~ 200 bp and ITS2 ~ 250 bp.

a

b
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Table-2: Infection distribution in two locations (Aswan 
and Edfu cities). 

Distribution Aswan Percentage Edfu Percentage

Examined rats 70 60.87 45 39.13
Infected by 
cestodes

28 40.00 14 31.11

Uninfected by 
cestodes

42 60.00 31 68.89

Infected by 
Hymenolepis 
diminuta

5 17.86 5 35.72

Infected by 
Hymenolepis 
nana

4 14.29 8 57.14

Infected by 
Hydatigera 
taeniaeformis

20 71.43 4 28.57

Figure-6: A phylogenetic tree was constructed using the 
Phylogeny.fr program (http://www.phylogeny.fr/) utilizing 
the most related and aligned complete ITS sequences of 
Hymenolepis nana and Hymenolepis diminuta, including 
those identified in this study (*). The branches display the 
Bootstrap support values. The compared sequences are 
denoted by accession numbers, names, and locations.

numbers MH938573, MH938572, MH036509, 
AP017671, KT693060, KT693055, KT693054, and 
AB745096 ).

The 45 most relevant nucleotide sequences from 
H. diminuta (complete ITS) and H. nana (complete 
ITS and ITS1) were used in the phylogenetic analy-
ses (Figure-6). A constructed phylogram revealed that 
the hymenolepidid tapeworms examined in this study 
comprised four major branches, mostly mixed with 
both species, with no effect on their geographical dis-
tributions. These were found to be embedded within 
the genus Hymenolepis with considerable divergence, 
particularly in H. diminuta.

An additional phylogenetic tree was constructed 
by comparing the metacestodes mtCOX1  sequences 
to the most closely related T. taeniaeformis sequences 
obtained from GenBank (Figure-7).
Discussion

This study is the first to use integrated molec-
ular and morphological approaches to character-
ize cestodes from house rats (R. rattus) in Aswan, 
Egypt. The cestodes detected in this study were 
classified as belonging to H. nana, H. diminuta, and 
H. taeniaeformis of the order Cyclophyllidea. These 
findings corroborate Owen’s assertion [28] that rat 
cestodes are all Cyclophyllideans and belong to the 

Hymenolepididae and Taeniidae families in particular. 
Our measurements of H. diminuta and H. nana mor-
phology independently verify Younis’ description [29] 
and Hughes’ key [30] to Hymenolepis species.

We identified two hymenolepid species from 
rat small intestines in the Aswan Governorate. We 
found that H. diminuta had a similar prevalence in our 
study (8.70%) as it did in a similar study (11.67%) in 
which these species were observed in rats of Egypt’s 
Assiut Governorate [29]. However, our observed 
H. diminuta prevalence was lower than that of [31], who 
reported H. diminuta infection prevalence in 15.3% 
of R. rattus. In addition, H. nana had a prevalence of 

Table-3: Infection of rats with single and mixed cestode 
species.

Diagnosis No. of 
infected rats

Percentage

Single infection by 
Hymenolepis diminuta

6 14.29

Single infection by 
Hymenolepis nana

10 23.81

Single infection by Hydatigera 
taeniaeformis

22 52.38

Mixed infection by 
Hymenolepis diminuta and 
Hymenolepis nana

2 4.76

Mixed infection by 
Hymenolepis diminuta and 
Hydatigera taeniaeformis

2 4.76

 Figure-7: A phylogenetic tree was constructed using the 
Phylogeny.fr program (http://www.phylogeny.fr/) with 
the closely related and aligned Hydatigera taeniaeformis 
mtCOX1 sequences, including the sequence identified in 
this study (*). Bootstrap support values are displayed in 
the branches. Accession numbers, names, and locations 
are used to identify the compared sequences.
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10.4% in our study, which was similar to the prevalence 
rate of 13.33% reported in the Assiut Governorate [29].

We detected infection with H. taeniaeformis at a 
prevalence of 20.9%, which is consistent with the previ-
ous study in Rattus spp. in the Assiut Governorate [29], 
but higher than the prevalence of 7.8% reported in the 
same host in Yucatan Mexico [9] and of 7.4% reported 
in Rattus spp. in Iran [32]. On the other hand, the pres-
ent study detected a lower prevalence of H. taeniae-
formis in rats than did similar studies in Argentina 
(39.5%) [33], Korea (33.8%) [34], and Grenada, 
West Indies (67.6%) [35]. Although the prevalence 
of helminth infection in rats varied between studies, 
these variations may be attributed to the differences 
in climatic conditions, environmental hygiene, previ-
ous control interference, socioeconomic status of the 
occupants, intermediate host abundance, and host vul-
nerability to parasite infection [2,36].

The morphological characteristics of the present 
H. taeniaeformis specimens are consistent with previ-
ous work in Egypt [29] and in India [37], who detected 
and described metacestode infection in R. rattus. We 
detected pseudosegmentation along the strobila and a 
small terminal bladder, correlating with [9,38], who 
reported H. taeniaeformis to be the only metacestode 
in which the scolex is not invaginated at the bladder 
but rather attached to it through strobilae.

Our molecular analysis revealed that the H. nana 
sequences were distinct but related to other sequences 
from the same species in the GenBank database, whereas 
ITS1 and complete ITS showed 98.2% and 94.3% sim-
ilarity, respectively, to H. nana sequences obtained 
from Australia [39]. In addition, the 18S sequence was 
97.3% identical to H. nana isolated from a human in 
London [40]. Although our complete ITS sequence 
of H. diminuta showed 92% similarity to H. diminuta 
obtained from a rodent in Iraq [41], the ITS1 and 18S 
sequences showed no similarity to other hymenolepid 
reference sequences in the GenBank database.

Our phylogenetic analyses assigned H. diminuta 
and H. nana to four hybrid branches, indicating the 
presence of possible cryptic species. These find-
ings corroborate those of Nkouawa et al. [42], who 
reported that identifying and diagnosing hymenolep-
idid tapeworms is challenging, most likely due to the 
presence of cryptic species.

The metacestode larval stage sequences obtained 
in this study were highly similar to T. taeniaeformis 
sequences in GenBank, particularly the ITS2 sequence, 
which was found to be highly similar (98.9%) to the 
ITS2 sequence of T. taeniaeformis obtained from 
R. rattus in India [37]. In addition, the mtCOX1 
sequence was found to be highly similar (99.53%) 
to the COX1 sequence of T. taeniaeformis collected 
from cats in Georgia, USA [43]. Given the phylo-
genetic tree’s relative branch lengths and the nodal 
support that connects them, it is possible that genetic 
diversity exists within T. taeniaeformis. This finding 
corroborates the findings of Lavikainen et al., [44] Jia 

et al. [45], who discovered significant sequence vari-
ations in isolate gene markers of T. taeniaeformis that 
are predictive of cryptic species.

The current study confirms that rodents pose a par-
asitic threat to both human [46,47] and veterinary [48] 
health, and corroborates Dyab’s report [49] that some 
rodent-borne parasites were detected in Aswan school-
children, including 3% H. nana infection.
Conclusion

This study sheds light on the potential public 
health and veterinary consequences of house rats in 
Egypt’s Aswan Governorate. Three zoonotic cesto-
des were identified and characterized: H. diminuta, 
H. nana, and H. taeniaeformis, all of which exhibit 
molecular characteristics consistent with the presence 
of cryptic species. This study contributes to the nar-
rowing of the knowledge gap on rat-borne helminthi-
ases by providing additional references to identifica-
tion keys and the use of molecular tools for species 
confirmation. However, additional research on the 
dynamics and socio-environmental risk factors of 
human–rat–helminth infection remains necessary.
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