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ABSTRACT 

S 
tray cats are highly susceptible to a variety of parasitic infections be-
cause they have the habit of roaming freely. A total of 50 stray cats 
were collected from various areas in Alexandria governorate. The re-

sults indicated that 17 (34%) stray cats were infected with heterophyid spe-
cies. The identified heterophyid species were Heterophyes heterophyes 
(16%) then Haplorchis taichue (8%), Pygidiopsis geneta (6%), Ascocotyle 
longa (4%), Stictodora sawakinsis (4%) and Procerovum varium (2%). 
DNA sequencing of 539 bp of ITS2 gene was generated. As shown in se-
quence distance figure, the sequenced strains showed 99.5 - 100% identity to 
H. heterophyes strains confirming the clustering of the study strain with H. 
heterophyes. The study revealed that stray cats are a reliable indicator of fish
-borne heterophyid species in the environment given that their relevance of 
public health must be carefully considered. 

INTRODUCTION: 

The most popular pet worldwide is the cat. 
Cats are obligate carnivores with different 
breeds, colors and classified into domestic cats 
and wild cats. Stray cats act as potential reser-
voir hosts of a wide range of helminth para-
sites, particularly digenetic trematodes, reflect-
ing both veterinary and medical importance 
(Millan and Casanova, 2009; El-Dakhly et 
al. 2017). 

 
Heterophyids are a group of trematodes 

that are very small (1–2 mm in length) infect 
vertebrate animals, including mammals and 

birds (Yamaguti, 1958). This family contains 
at least 36 genera, 13 of which are known to be 
zoonotic (Chai, 2007) including Metagoni-
mus,Heteorphes, Haplorchis, Pygidiopsis, Hete
rophyopsis, Stellantchasmus, Centrocestus, Sti
ctodora, Procerovum, Acanthotrema, Apophall
us, Ascocotyle and Cryptocotyle. They are ex-
clusively fishborne and contracted to humans 
by ingesting  uncooked or poorly prepared 
freshwater or brackish water fish (Chai, 2007 
and Chai, 2014). 

In 1851, during the autopsy of an Egyptian 
cat in Cairo, Bilharz found Heterophyes heter-
ophyes (Chai, 2007). It causes human infec-
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tions along Nile Delta of Egypt and Sudan, 
Middle East, southeastern Europe and India 
(Yu and Mott, 1994; Mahanta et al. 1995 
and Pica et al. 2003). 

 
Due to the small size of the adult stage and 

the considerable morphological similarity be-
tween closely related species of heterophyid 
flukes, morphological study might be insuffi-
cient for accurate species identification 
(Henedi, 2019). The availability of molecular 
study has allowed the accurate identification 
using the second internal transcribed spacer 
(ITS2) region. This region has been successful-
ly used to genetically identify several Hetero-
phyidae intestinal flukes (Masala et al. 2016). 

 
So, the current study aims to determine the 

prevalence, morphological and molecular iden-
tification of Heterophyes heterophyes in stray 
cats. It also aims to assess the prevalence of 
some other heterophyid species. 
 
MATERIALS and METHODS 

Ethical considerations: 

To prevent harm and minimize the pain, all 
procedures were created in accordance with 
national laws and regulations regarding han-
dling of animals. 
 
Study area: 

The capital of Alexandria Province, Alex-
andria City (31°12′N29°55′E), is located 114 
miles (183 kilometers) northwest of Cairo 
along the Mediterranean Sea coast in north-
central Egypt. (Frihy et al. 1996 and Elseify 
et al. 2017). 
 
Sample collection: 

 A total number of 50 stray cats were sur-
veyed for the presence of heterophyid species 
during the period from January to September 
2023 from different areas in Alexandria gover-
norate. The trapped cats were transferred to the 
laboratory of Parasitology Department of Ani-
mal Health Research Institute; Alexandria lab. 
 

The trapped cats were humanely eu-
thanized by Xylaject (Xylazine Hydrochloride 
23.3 mg, Adwia company) with intramuscular 

injection (0.5 ml\10 kg) then humanely sacri-
ficed by overdose of chloroform and the age 
was assessed by dentition according to (Floyd, 
1991). 
 
Necropsy of Cats 

 During necropsy, the abdominal cavity 
was opened, the gastrointestinal tract was re-
moved and then it was longitudinally opened 
and washed in 0.85% saline. The mucosa was 
scraped. The epithelial scrapings were passed 
through 60-80 mesh wire sieves. The contents 
of the sieves were washed with tap water and 
sediments were allowed to settle down and 
carefully examined under a stereomicroscope 
to discover minute parasites (Soulsby, 1982 
and El-Dakhly et al., 2012). 
 
Preparation of trematodes for examination 

The collected trematode worms were washed 
in normal saline, relaxed in refrigerator, fixed 
in 10% formalin, stained using acetic acid-
alum carmine with concentration 1%, dehy-
drated via serial passage of ethyl alcohol, 
cleared in clove oil, washed momentarily in 
xylene and were mounted in Canada balsam 
(Kruse and Pritchard 1982). 
 

Identification of adult worms was done ac-
cording to the key given by Yamaguti (1958) 
and El-Shahawi (1983). 
 
Material for DNA extraction:  The collected 
Heterophyes worms were fixed in 96% ethanol 
until prepared for DNA extraction.  
 
DNA extraction. DNA extraction from sam-
ples was performed using the QIAamp DNA 
Mini kit (Qiagen, Germany, GmbH) with mod-
ifications from the manufacturer’s recommen-
dations. Briefly, 25 mg of the sample was incu-
bated with 20 µl of proteinase K and 180 µl of 
ATL buffer at 56OC overnight. After incuba-
tion, 200 µl of AL buffer was added to the ly-
sate, incubated for 10 min. at 72OC, then 200 
µl of 100% ethanol was added to the lysate. 
The lysate was then transferred to silica col-
umn and centrifugated. The sample was then 
washed and centrifuged following the manu-
facturer’s recommendations. Nucleic acid was 
eluted with 100 µl of elution buffer provided in 

https://www.sciencedirect.com/science/article/pii/S2405676617300100#bb1885
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https://onlinelibrary.wiley.com/doi/full/10.1111/are.15286#are15286-bib-0025
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the kit. 
 
Oligonucleotide Primer: Primers used were 
supplied from Metabion (Germany) are listed 
in table (1). 
 
PCR amplification: Primers were utilized in a 
25- µl reaction containing 12.5 µl of Emeral-
dAmp Max PCR Master Mix (Takara, Japan), 
1 µl of each primer of 20 pmol concentration, 
5.5 µl of water and 5 µl of DNA template. The 
reaction was performed in an Applied biosys-
tem 2720 thermal cycler. 
 
Analysis of the PCR Products: The products 
of PCR were separated by electrophoresis on 
1.5% agarose gel (Applichem, Germany, 
GmbH) in 1x TBE buffer at room temperature 
using gradients of 5V/cm. For gel analysis, 15 
µl of the products was loaded in each gel slot. 
Generuler 100 bp ladder (Fermentas, Germa-
ny) was used to determine the fragment sizes. 
The gel was photographed by a gel documenta-
tion system (Alpha Innotech, Biometra) and 
the data was analyzed through computer soft-
ware.  

 
Sequencing and phylogenetic analysis: PCR 
products were purified using QIAquick PCR 
Product extraction kit (Qiagen, Valencia). 
Bigdye Terminator V3.1 cycle sequencing kit 
(Perkin-Elmer) was used for the sequence reac-
tion 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) (Altschul et al. 
1990) was initially performed to establish se-
quence identity to GenBank accessions. The 
phylogenetic tree was created by the MegAlign 
module of LasergeneDNAStar version 12.1 
Thompson et al. (1994) and phylogenetic 
analyses was done using maximum likelihood, 
neighbour joining and maximum parsimony in 
MEGA6 (Tamura et al. 2013). 

Table 1. Primers sequences, target genes, amplicon sizes and cycling conditions. 

Target gene Primers sequences Am-

plified 

seg-

ment 

(bp) 

Primary 

denatura-

tion 

Amplification (35 cycles) Final 

exten-

sion 

Reference 

Second-

ary dena-

turation 

An-

nealin

g 

Exten-

sion 

Trematode 

ITS2 

GGTACCGGTGGAT

CACTCGGCTCGTG 

539 94˚C 

5 min. 

94˚C 

30 sec. 

57˚C 
40 sec. 

72˚C 
45 sec. 

72˚C 

10 min. 

  Arya et al. 

(2016) 

GGGATCCTGGTTA

GTTTCTTTTCCTCC

GC 

RESULTS 

In the current study, 17 out of 50 stray cats 
were infected with heterophyid species repre-
senting (34%). The recovered heterophyid spe-
cies were Heterophyes heterophyes (16%), 

Haplorchis taichui (8%), Pygidiopsis geneta 
(6%), Ascocotyle longa (4%), Stictodora 
sawakinsis (4%) and Procerovum varium (2%) 
(table 2). 
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Table 2. Prevalence of heterophyid species in stray cats (n = 50): 

Heterophyid species Infected cats % 

Heterophyes heterophyes 8 (6 S + 2 M) 16 

Haplorchis taichui 4 (2 S + 2 M) 8 

Pygidiopsis geneta 3 (2 S + 1 M) 6 

Ascocotyle longa 2 (1 S + 1 M) 4 

Stictodora sawakinsis 2 4 

Procerovum varium 1 2 

Total 17 34 

S: Single infection, M: Mixed infection 
N.B.: One cat had a mixed infection of Heterophyes heterophyes and Haplorchis taichui  
One cat had a mixed infection of Heterophyes heterophyes and Pygidiopsis geneta  
One cat had a mixed infection of Haplorchis taichui and Ascocotyle longa 

Table (3) showed that the prevalence of hetero-
phyid species according to age were 25% in young 
age ≤1 years old and 40% in adult age > 1 years 

old. The prevalence was higher in females (38.5%) 
than males (29.2%). 

Table 3. Prevalence of heterophyid species in stray cats according to age and gender (n = 50): 

  Examined cats Infected cats % 

Age ≤ 1 year 20 5 25 

> 1 year 30 12 40 
Gender Female 26 10 38.5 

Male 24 7 29.2 

Morphological identification of heterophyid 
species: - 

Heterophyes heterophyes:  

Short pear-shaped flukes measured 1-1.5 
long x 0.3-0.4 mm at their greatest width, flat-
tened dorsoventrally, rounded at both extremi-
ties, with spiny integument. The oral sucker 
measured approximately 50 μm in diameter. 
The oesophagus measured 0.2 mm long. The 
ventral sucker was well developed and located 
at middle of the body between 2 ceca, the geni-
tal sucker was oval, armed with incomplete 
circle of 70-80 spines, lying beside ventral 
sucker. The testes were oval in shape, lying 
side-by-side near the posterior extremity of the 
body and measured about 50 μm. The ovary 
was round in shape, lying on the midline in 
front of the testes. The uterus filled the space 
between the ventral suckers and the testes (Fig. 
1A). 
 
Haplorchis taichui: 

Spiny elongated flukes measured 0.7-0.8 x 
0.2-0.3 mm. It has terminal oral sucker. The 

ventral sucker has a semi-lunar group of 12–16 
long, crescentic and hollow spines. It has sin-
gle, fan shaped, lobulated testis and located at 
the posterior part of the body. The ovary lies 
pretesticular. The uterus contains numerous 
eggs extends from behind the bifurcation of 
intestinal caeca to the posterior end (Fig. 1B). 

 
Pygidiopsis geneta: 

Spiny flattened flukes measured 0.4-0.7 x 
0.2-0.4 mm, the oral sucker is spiny and sub 
terminal, the two testes are symmetrical and 
located at the posterior end of the body (Fig. 
1C). 
 
Ascocotyle longa: 

A small elongated conical-shaped flukes 
measured 0.6-0.65 x 0.18-0.2 mm with cone 
shape prolongation at oral sucker and surround 
with minute spines. The hind part of the body 
is wider than the fore one. The ventral sucker 
centrally located between the bifurcation of 
two ceca. The genital opening is just anterior 
to the ventral sucker. The majority of the re-
productive organs are located posterior to the 
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ventral sucker. Paired testes are symmetrical 
and located at the posterior end of the body 
(Fig. 1D). 

 
Stictodora sawakinsis: 

A small elongated pyriform flukes meas-
ured 0.8-0.9 x 0.38-0.4. The ventrogenital sac 
and a gonotyl armed with spines in the form of 
a comma or reversed comma lying along their 
lateral margin. Seminal vesicle is bilobed and 
seminal receptacles well developed found at 
the area between the two testes. The testes are 
obliquely oval to round in shape and located at 
the second third of the body. The ovary is lo-
cated between the two testes (Fig. 1E).  

 

Procerovum varium: 
 

A small pear-shaped spiny flukes measured 
0.35-0.4 × 0.2-0.25 mm with the greatest width 
at the posterior third of the body. The oral 
sucker is sub terminal. The ventral sucker is 
very small, located just behind the bifurcation 
of intestinal ceca. Intestinal ceca bifurcate at 

the level of anterior third and terminate at the 
posterior fourth of the fluke. The ovary is 
spherical and located sagital to the ventral 
sucker. The testes are sub globular-shaped and 
located at the middle of the hind body (Fig. 
1F). 

 
Sequencing and genotyping of isolates: 

The ITS2 gene of the trematode species was 
amplified and yielded the expected PCR prod-
uct size (539 bp) from samples (Fig. 2), then 
published (GenBank accession number 
OR509796). As shown in sequence distance 
figure, the sequenced strains showed 99.5 - 
100% identity to H. heterophyes strains con-
firming the clustering of the study strain with 
H. heterophyes. The closest identities to other 
strains were as follow; 94.4 - 100% (H. dis-
par), 80.6 - 100% (H. nocens) (Fig 3). Phylo-
genetic tree cleared the clustering of the col-
lected H. heterophyes with H. heterophyes 
strains (Fig.4). 

Fig. (1): A- Heterophyes heterophyes (x10). B- Haplorchis taichui (x10). C- Pygidiopsis geneta (x10). D- Ascocotyle 
longa (x10). E- Stictodora sawakinsis (x10). F- Procerovum varium (x10). (OS = oral sucker; VS = ventral 
sucker; GS = genital sucker; T = testis; O = ovary; ES = esophagus; U = uterus; PRO = cone shape prolongation; 
IC = intestinal ceca).  
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Fig. (2) PCR results for trematode ITS2 gene showing positive amplification of 539 bp of ITS2 gene in tested 
sample. L [ Gene ruler 100 bp ladder (Fermentas, thermo 100-1000 bp)].   
Lane 1: Sample           Lane 2: Negative control      Lane 3: Positive control       Lane 4: 100-1000 bp. ladder 

Fig. (3) Sequence distance of the ITS2 gene of the tested trematode strain (generated by lasergene software) 

showing identity range of 99.5-100% with Heterophyes heterophyes strains.   
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Fig. (4) Phylogenetic relatedness of the trematode ITS2 gene. Maximum – likelihood unrooted tree generated 
after 500 bootstraps indicated clustering of the tested strain with Heterophyes heterophyes strains apart from 

other trematodes  

DISCUSSION  

Felids, particularly cats, harbor many spe-
cies of digenetic trematodes and act as final 
hosts of these trematodes. Most of them are 
with zoonotic importance, especially in low-
income countries (Arafa et al. 1978). 
 

Chai and Lee (2002) recorded that all 
trematodes found in their study were transmit-
ted by eating raw or undercooked fish and 
most of them had been reported to cause health 
problems in humans. They can lead to erratic 
parasitism in humans and their eggs may be 
found within inflammatory reactions of affect-
ed organs, which can lead to further complica-
tions when eggs are released into the blood 
stream through the intestinal wall (Chai et al. 
1986). 
 

In the present study the prevalence of het-
erophyid species from stray cats was 34% in 
Alexandria governorate. Higher prevalence 

was recorded by Shin et al. (2015) in Korea 
(55.5%). On the other hand, lower prevalence 
was reported by El-Azazy et al. (2015) in Ku-
wait (24.6%), Marey (2016) in Egypt (24.3%) 
and El-Dakhly et al. (2020) in Egypt (6.38%). 
It seems that fish are the primary diet of stray 
cats in Alexandria governorate. This is due to 
being a coastal country and their people diets 
mainly depend on seafood, that proving high 
prevalence of heterophyid species as recorded 
in this study. 
 

The reported heterophyid species were of 
Heterophyes heterophyes (16%) which was the 
most abundant heterophyid species in the pre-
sent study, then Haplorchis taichue (8%), Py-
gidiopsis geneta (6%), Ascocotyle longa (4%), 
Stictodora sawakinsis (4%) and Procerovum 
varium (2%). Nearly coinciding with such 
finding, El-Azazy et al. (2015) reported Heter-
ophyes heterophyes (15.8%), Haplorchis 
taichue (3.8%) and Stictodora sawakinsis 
(2.1%). El-Dakhly et al. (2017) recorded Het-



95 

Neven and Rehab                                                           Egyptian Journal of Animal Health 4, 4 (2024), 88-97 

erophyes heterophyes (3.2%), Haplorchis spe-
cies (1.6%), Pygidiopsis summa (1.6%), Pro-
cerovum varium (1.6%) and Ascocotyle species 

(1.6%) and El-Dakhly et al. (2020) found Het-
erophyes heterophyes (6.38%), Pygidiopsis 
summa (2.13%), Procerovum varium (2.13%) 
and Ascocotyle species (2.13%). Heterophyes 
heterophyes infection is common in Egypt, 
where the pickled mullet (Mugil cephalus) is 
traditionally eaten at the feast of Sham- al 
Nessim (Woo, 2006). In 1933, Khalil reported 
that encysted metacercaiae of Heterophyes het-
erophyes could remain in salted fish (locally 
known as Fessikh) and remain viable for at 
least week. 
 
The present investigation revealed higher prev-
alence rate of heterophyid species in adult age 
> 1 years old (40%) than in young age ≤ 1 
years old (25%). The result was nearly agreed 
with the previous studies obtained by El-
Azazy et al. (2015) who recorded higher prev-
alence in adult (28.7%) than in Juvenile 
(16.2%). Marey (2016) reported higher preva-
lence in adult age > 1 years old (40.7%) than in 
young age ≤1 years old (31.3%). El-Dakhly et 
al. (2017) reported the highest infection rates 
in cats aged more than 3 years (9.68%).  
The higher prevalence observed in adult cats 
indicates longer exposure and accumulation of 
parasites (Dung et al. 2007). Additionally, it is 
related to competition for food, as adults are 
better able than younger cats to obtain fish of-
fal from fish markets. 
 

In the present study, the prevalence of het-
erophyid species was higher in females 
(38.5%) than in males (29.2%). This was 
agreed with the earlier report by El-Azazy et 
al. (2015) and El-Dakhly et al. (2017) who 
recorded higher prevalence in females than in 
males but disagreed with Marey (2016) who 
reported higher incidence in males than in fe-
males. Meanwhile, Thabit (2011) elucidated 
that the infection rates among cats are not re-
lated to the gender. 
Genus Heterophyes, a total of 18 species or 
subspecies had been recognized (Chai, 2014). 
However, three species were moved to another 
genus Alloheterophyes by Pearson (1999) and 
nine species were synonymized 
with H. heterophyes or other pre-existing spe-

cies (Chai, 2014). Only six Heterophyes spe-
cies are currently recognized as legitimate 
(Pearson, 1999 and Chai, 2014), name-
ly, H. heterophyes, H. nocens, H. dispar, H. ae
qualis, H. indica and  H. pleomorphis. Four 
species, H. heterophyes, H. nocens, H. dispar, 
and H. aequalis are known to infect humans 
(Ashford and Crewe, 2003 and Chai, 2014). 

The morphological characters of H. hetero-
phyes was agreed with Yamaguti (1958); El-
Azazy et al. (2015) and El-Dakhly et al. 
(2020).  
 

The results of gene sequence analysis were 
in agreement with morphological data, indicat-
ing that sequencing of the Internal Transcribed 
Spacer 2 (ITS2) could be usefulness in differ-
entiating H. heterophyes from other members 
of family Heterophyidae (GenBank accession 
number OR509796).  ITS2 and 28S rDNA re-
gions showed high levels of intraspecific diver-
gence within the family Heterophyidae 
(Masala et al. 2016; Henedi, 2019 and Attia 
et al. 2021). The 28S gene, although it has 
been often used for inter-species analyses of 
Heterophyidae and Opisthorchiidae but char-
acterised by a lower level of genetic variation 
so, considered less suitable for the analysis 
within the family Heterophyidae. The deeper 
level of resolution obtained for the ITS2 region 
suggests this marker as a valuable tool for the 
molecular taxonomy within the family Hetero-
phyidae, (Lee et al. 2004 and Thaenkham et 
al. 2011). 
 
CONCLUSION 

T 
his study demonstrated that stray cats 
are reliable indicators of zoonotic heter-
ophyids. The high prevalence of H. het-

erophyes emphasizes the need to raise public 
awareness about the zoonotic significance of 
this intestinal fluke. Parasitologists and veteri-
narians should educate people about the im-
portance of snails and fish as intermediate 
hosts for digenetic trematodes as well as the 
hygienic disposal of these hosts to reduce the 
possibility of completing the life cycles of the 
flukes. The sequencing of ITS2 region proved 
their usefulness in differentiating H. hetero-
phyes from other members of family Hetero-
phyidae. 

As the members of family Heterophyidae, more 

https://www.sciencedirect.com/science/article/pii/S2405676617300100#bb0150
https://www.sciencedirect.com/science/article/pii/S2405676617300100#bb1140
https://www.sciencedirect.com/science/article/pii/S2405676617300100#bb0150
https://www.sciencedirect.com/science/article/pii/S2405676617300100#bb1140
https://www.sciencedirect.com/science/article/pii/S2405676617300100#bb0150
https://www.sciencedirect.com/science/article/pii/S2405676617300100#bb0085
https://www.sciencedirect.com/science/article/pii/S2405676617300100#bb0150
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than 10 species,  i.e.,  Metagoni- 
mus spp., Pygidiopsis summa, Heterophyes nocens, 
Stellantchasmus falcatus, Heterophyopsis continua, 
Acanthotrema felis, Centrocestus armatus, Pro-
cerovum varium, Cryptocotyle concava, and Sticto 
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