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Abstract: The main goal of this study was to estimate the prevalence of Echinococcus granulosus among
stray dogs, as well as its potential impact on the environmental contamination in the Kurdistan-
Iraq using microscopic examination and the Copro-PCR method. The presence of taeniid eggs was
recorded in 400 dog faeces collected from the four different regions in the Sulaimani Governorate.
The parasite eggs were recovered from fresh and aged faecal samples of the dogs using two isolation
techniques, a flotation method (Sheather’s solution, modified; specific gravity: d = 1.27) and a
sedimentation method (formal-ether) in which the sediments from dog faeces were collected. Both
methods were used for Copro-PCR to detect the presence of Echinococcus species egg through DNA
using common primers designed to amplify a partial gene of cytochrome oxidase subunit 1 (COX1).
The results of the microscopic examination showed a higher prevalence rate, i.e., 97 (24.25%) of
E. granulosus among stray dogs generally in Sulaimani Governorate. The prevalence of E. granulosus
among stray dogs according to the district area was 40, 24, 23, and 20.8% in Rzgari, Kalar, Sulaimani,
and Halabja, respectively. The positive samples (n = 50) were selected for molecular confirmation,
the DNA was extracted from the sediment of the positive samples and 40 (80%) samples were
successfully amplified by polymerase chain reaction. The sequences show that all samples belong to
the Echinococcus granulosus sensu lato (G1–G3), with slight genetic variation. It was concluded that
the sediment of dog faeces can be used for DNA extraction, which is a new method that increases the
sensitivity of the test, and the amount of DNA yield would be higher than the routine method, which
directly uses faeces of the dogs. In addition, the molecular diagnosis was more sensitive than the
microscope examination for the presence of E. granulosus eggs. The prevalence of E. granulosus in
both the final hosts and the intermediate hosts must be regularly monitored.

Keywords: Echinococcus granulosus; molecular identification; PCR; stray dogs

1. Introduction

A dog or a cat is often seen in close quarters with humans. The number of stray dogs,
in particular, has increased in various countries around the world. In urban areas, where
the dog owners often neglect to clean up dogs’ faeces, this might represent a danger to
human health and hygiene. Various kinds of pathogens potentially harmful to humans
may be found in dog faeces [1]. Echinococcus granulosus is a parasitic pathogen that belongs
to the metacestode of the Taeniidae family. Although each genotype may infect many
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intermediate hosts, these are categorized into various genotypes (G1–G10), depending on
the intermediate host [2]. Echinococcus granulosus (s.l.) includes (G1–G3) genotypes, the G4
is E. equinus, G5 is E. ortleppi, and G6-G10 are referred to as E. canadensis [3]. The strains
of E. granulosus have adapted to different intermediate hosts such as sheep, pigs, cattle,
horses, camels, goats, and cervid at least; seven of these strains are infective to humans [4].
The domestic cat (Felis catus) is the most abundant carnivore in urban and peri-urban areas
with high human density [5]. The cats may be accidentally infected with echinococcosis. A
new cystic echinococcosis (CE) case in a cat was reported in Uruguay [6] and recently in
Turkey, a similar case of cat CE was reported [7]. The molecular analysis confirmed the cyst
has belonged to Echinococcus granulosus (G1).

Infection with cestodes of the species Echinococcus in the metacestode stage causes
human echinococcosis, which is a significant public health problem in many parts of the
world [4]. The dog is the final host of Echinococcus granulosus. The infected dogs shed a
huge number of eggs of Echinococcus granulosus daily and are the main source of soil, food,
and vegetable contamination. Because of the importance of stray dogs in CE transmission,
epidemiological and genetic research on these hosts is essential in each endemic location to
ensure that control programs are implemented effectively [8]. The human is the dead-end
of the disease, as the human-to-dog transmission of the parasite is impossible [9]. Ingesting
food or water contaminated with faeces containing E. granulosus eggs transmitted from
infected animals, or handling a pet or infected dogs, causes humans to be infected [10].
Livestock CE is widespread in many regions of Asia including Middle East countries [11],
Central Asia [4], and Iran [12]. Domestic and wild carnivores harbour the mature tapeworm
in their small intestine. Intermediate hosts, usually herbivores are infected by ingesting the
parasite eggs, which spread in the stool of the definitive host [13].

Upon expulsion, proglottids, which contain eggs of Echinococcus, are exposed to the
external environment [14]. Stray dogs, as the definitive host of adult E. granulosus, play
the most important role in the spread of infection, by contaminating the environment with
their eggs [8]. Sheep, cattle, buffaloes, camels, goats, donkeys, and pigs act as suitable
intermediate hosts [15]. The eggs of E. granulosus survive for more than 200 days at 7 ◦C
under humid conditions while the eggs survive for about 50 days at 21 ◦C under low
humidity. In contrast, the eggs survive for only a few hours under hot, dry conditions
(40 ◦C). The temperature and humidity influence egg infectivity but do not control the
parasite population [4]. The eggs of Echinococcus are very sensitive to desiccation [3].
Echinococcus granulosus can survive for a long time under cold environmental conditions
however, its growth and development are reduced under these conditions [16].

The use of fresh vegetables has increased the number of reported instances of food-
borne infections in recent years. Raw vegetable consumption has a significant epidemio-
logical role in the spread of foodborne pathogenic infections [17]. In developing countries,
intestinal parasites are common, likely because of low sanitation and personal hygiene [18].
In some studies, performed around the world, fresh vegetables have been linked to the
transmission of helminth eggs and larvae [19,20].

Echinococcosis is a growing concern, possibly due to the worldwide distribution of
E. granulosus, the difficulty of diagnosis and control, the high cost and complexity of
treatment (cyst removal may require surgical intervention). In some cases, finding suit-
able molecular genetic studies for strain identification of E. granulosus obtained primar-
ily through mitochondrial DNA (mtDNA) has an important role in strategic control
plans [21]. The infected dog is the main source of environmental contamination with
dog tapeworm eggs.

The coproantigen ELISA test has become the best laboratory-based test for mass
screening of infection in dogs because it can identify infection with a high level of certainty
during the prepatent period [22]. The screening of stray dogs for Echinococcus infection
is essential to reduce human and animal echinococcosis, which is a silent public health
concern [21]. The present study is an attempt to evaluate the level of contamination of dog
faeces with the eggs of the dog tapeworm, a neglected disease in Kurdistan. According to
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our knowledge, this is the first study using a large sample size to determine the prevalence
of echinococcosis among stray dogs in Sulaimani province.

2. Materials and Methods
2.1. Study Area

The present study was conducted in the Kurdistan Region (Sulaimani Centre, Hal-
abja, Kalar, and Rzgary districts) of Iraq located between 35◦4′ and 36◦30′ latitude and
44◦50′ and 46◦16′ longitude. The altitude of the Sulaimani governorate is about 400 m
above sea level, and 2500 m in the northern and northeastern of the province. The climate
of the Kurdistan region is hot summers (the highest temperature is about 46 ◦C) with cold
winters (the minimum temperature is about −5 ◦C).

2.2. Collection of Dog Faeces Samples

Four hundred dog faecal samples were taken from the Sulaimani Centre (n = 130),
Halabja (n = 112), Kalar (n = 120), and Rzgary (n = 35) from September 2019 to November
2021. The sampling areas were all rural locations where livestock is grown, and stray and
semi-feral dogs have been recorded. The survey was not based on a certain number of
dogs, but rather on the availability of dog faeces from different areas to find the rate and
prevalence of E. granulosus among stray dogs. For samples collection, 20 sites were visited
in each area during the winter, spring, summer, and autumn seasons. The collected samples
were properly labelled and stored in the laboratory at −80 ◦C for seven days to inactivate
the parasite egg’s infective phases until the faeces were analysed [6] and then kept at a
temperature of 20 ◦C.

2.3. Isolation of Eggs

The parasite eggs were recovered from faecal samples by direct wet mount microscopic
examination and sedimentation technique (formal-ether), followed by centrifugation at
1200× g [23]. The taeniid eggs were subsequently identified morphologically [24]. The eggs
were collected from the coverslip, using a 0.9% NaCl solution, and stored at −20 ◦C. Never-
theless, the taeniid eggs are morphologically indistinguishable and the egg identification
for E. granulosus requires the use of the PCR technique [25].

2.4. DNA Extraction

In total, 50 samples, where eggs were isolated as described above, had DNA extracted
using a stool DNA extraction kit (Geneaid, Taiwan) following the manufacturer’s instruc-
tions with some modification. About 200 mg of the dog faeces were filtered through a
medical gauze (Size: 10.2–10.4 cm), to remove the large particles and the eluent was washed
three times with normal saline by centrifugation for 5 min at 3000 rpm each time, the super-
natants were discarded. Finally, formal-ether sedimentation techniques were followed [26],
and about 5 mg of the sediment was processed for DNA extraction with the faecal DNA
extraction kit. This method was developed by the authors to increase DNA yield.

2.5. PCR Amplification and Sequencing

The PCR was performed to detect the target DNA of E. granulosus and another taeniid, the
previously described [27], primers i.e., Eg-Cox1F (5′-TTTTTTGGGCATCCTGAGGTTTAT-3′)
and Eg-Cox1R (5′-TAAAGAAAGAACATAATGAAAATG-3′) for E. granulosus were used. The
expected PCR product band was 444 bp. PCR was carried out in a final volume of 25 µL,12 mL
SuperAdd Taq Master Mix (Promega, Madison, WI, USA), 1 µL of each primer (10 pmol uL−1),
7 µL H2O, 4 µL of template DNA (100–200) ng. The PCR conditions were as follows; 5 min. at
94 ◦C (initial denaturation), 35 cycles of 30 s at 94 ◦C, 45 s at 50 ◦C, 40 s at 72 ◦C, and finally
10 min. at 72 ◦C (final extension). The PCR products were analysed by electrophoresis on 1%
agarose gel stained with a safe dye stain (SinaClon, Iran). A 100 bp DNA ladder as a molecular
size marker was run together with samples to determine the fragment lengths, the PCR products
were sent for DNA sequencing (Macrogen, Korea) and the result was assembled and aligned
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with the previous record in GeneBank using BioEdit (7.2) software program. All sequences were
submitted to GeneBank.

2.6. Statistical Analysis

The statistical analysis of the collected data was performed using the statistical package
GraphPad Prism (version 7.02). The chi-square test was used to find out the differences
between categorical variables from a random sample to judge the goodness of fit between
expected and observed results, and the significance level applied was 5%.

3. Results and Discussion

Coprology studies using microscopes of faecal samples from a dog were used to deter-
mine the presence of Taeniid eggs by indirect concentration techniques i.e., sedimentation
and floatation methods (Figure 1).
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Figure 1. Taeniid eggs (Echinococcus granulosus) detected in dog faecal samples (sedimentation
technique) 100×.

The data revealed that out of the 400 total samples examined, 97 (24.25%) were positive
for taeniid parasites. Echinococcus granulosus was more frequently detected in stray dogs
in the Sulaimani city centre and Halabja city (Suburban area) which were 7.5 and 7.0%,
respectively, than in Kalar district and Rzgari (suburban area) which were 6.25 and 3.5%,
respectively in Kurdistan (Sulaimani governorate) (Table 1).

Table 1. The prevalence rate of Echinococcus granulosus among stray dogs in Sulaimani Governorate
using microscopic examination of dog faeces.

Area Total Samples Negative Samples Positive Samples
Percentage of
Positive from
Total Samples

Statistical
Analysis

Chi-Square Test

Sulaimani City 130 100 30 7.50

χ2 = 5.58
p = 0.1335

Halabja 115 87 28 7.00
Kalar 120 95 25 6.25
Rzgari 35 21 14 3.50
Total 400 303 97 24.25
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The prevalence of the Echinococcus eggs among stray dogs was calculated according to
the district. The highest prevalence was found in the Rzgari area 14/35 (40%) while the
highest rate was recorded in Kalar district 28/115 (24.3%) (Figure 2).
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Sulaimani Governorate, Kurdistan—Iraq.

Our findings showed a high prevalence rate of echinococcosis among stray dogs in the
Sulaimani governorate. The prevalence in stock animals in the same area was 11.5% [28],
which explained the high prevalence of echinococcosis among slaughtered animals. The
high prevalence of echinococcosis among stray dogs may be due to a lack of proper
management of the infected organs. The high prevalence rate of dog tapeworm infection
among dogs may also be because infected dogs are the main source of environmental
contamination with worm eggs, and the animal may get the disease after ingestion of the
egg with contaminated grass and vegetables. In addition, Bajalan et al. [14] recorded a high
prevalence rate (20%) among stray dogs. The direct access of the infected organs of animals
for stray dogs was suggested to be the main cause of the high prevalence rate among stray
dogs. Similar results of high prevalence rate (19.1%) were reported by Kohansal et al. [29] in
Iran. The prevalence rate of echinococcosis among stray dogs varied from high prevalence
as in the Kalar city from Iraq [8] recorded 78%, and also Khamesipour et al. [30] reported
the high prevalence rate of echinococcosis among stray dogs from 1985 to 2019 in Iran. The
average rate of infection was 11.28% while some studies recorded a lower prevalence rate
in comparison to our findings; Kawasmeh et al. [31] reported 15% of infection among stray
dogs in Saudi Arabia. This variation might be due to environmental factors, population
cultures, awareness, and knowledge about the hydatid disease. In poor communities, the
awareness and knowledge about dog tapeworms are at a low level. Still, the shepherd has
the untreated dog (may be infected with dog tapeworm) with their sheep, the animals are
slaughtered outside the slaughter house and without official veterinarian inspection and
sold illegally. All these factors might be responsible for the increased prevalence rate of
echinococcosis among stray dogs.

The high prevalence rate of Echinococcus species among stray dogs in an urban area
may also be because stray dogs that are free, living in the streets, can easily reach the offal,
and infected organs of the slaughtered animals. In addition, there is a low level of awareness
and education of people about this disease and the management of the slaughtered animal
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offal and wastes. The current study is the first survey using dog faeces examination to
determine the prevalence rate of echinococcosis among stray dogs in Sulaimani province.

Fifty positive samples (dog faeces) were subjected to molecular diagnosis technique
(polymerase chain reaction) which has high sensitivity and specificity for E. granulosus eggs
detection. Due to the high morphological similarity of the taeniid eggs, PCR is required for
differentiation between E. granulosus and other taenia eggs. The PCR results reveal 40/50
(80%) positive (Figure 3), which means that only 80% of the egg identified by microscopic
examination belong to E. granulosus (Table 2). The results of the DNA sequencing showed
that the Echinococcus granulosus sensu lato was the common strain responsible for dog
infection. The reported strains were deposited in GenBank under the following accession
numbers: OM200173, OM200174, OM200175, OM200176, and OM200177. All the sequences
with a slight variation belonged to the E. granulosus sensu lato and many studies in the
same region on the human and slaughtered animal support our findings. The studies
have found the common strains (G1 and G3) which are responsible for human and animal
echinococcosis [21,32,33].
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Figure 3. Gel electrophoresis of PCR product of E. granulosus. M = DNA Ladder, N = negative control,
P = positive control, S = Sample.

Table 2. The molecular identification of Echinococcus granulosus egg among stray dogs in Sulaimani
Governorate.

Study Area DNA Extraction from Dog
Faecal Samples Positive by PCR

Sulaimani 15 14 (93.3%)
Halabja 12 10 (83.3%)
Kalar 13 11 (84.6%)
Rzgari 10 5 (50%)
Total 50 40 (80%)

The previous study indicated the PCR and molecular diagnosis method is valuable
in the molecular genotypic characterization of Echinococcus species [32]. The sheep strain
(G1) is the most frequent in Kurdistan, Iraq, and it may infect a wide range of intermediate
hosts, including sheep, goats, cattle, and humans [33]. The PCR findings revealed that 40
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(80%) from 50 samples were infected with E. granulosus. Many molecular investigations
in Iran [34], China [35], Greece [36], India [37], and Iraq [32] back up the present research
findings. According to them, the cytochrome oxidase subunit 1 (COX1) has the capacity
and effectiveness to distinguish between strains and genetic variants. Our findings empha-
size that molecular markers are more sensitive for accurate diagnosis and differentiation
between Taenia species.

4. Conclusions

The results showed that taeniid infections were widespread among stray dogs in Su-
laimani Province, in the Kurdistan region of Iraq. Dog faeces in the environment, especially
those of stray dogs, are a major source of infection that may be transmitted to ruminants
as intermediate hosts and humans as opportunistic hosts. Infection rates of this parasite
vary widely throughout Iraq for a variety of reasons, including the presence or absence of
definitive and intermediate hosts. As a result, more research is needed to confirm the accurate
incidence of these parasites in all hosts in different locations around the study regions. The
most common strains in the Kurdistan Region of Iraq are E. granulosus sensu lato (G1–G3).

Author Contributions: Conceptualization, A.A.H.; data curation, H.M.A. and A.D.; formal analysis,
H.M.A. and A.A.H.; investigation, H.M.A.; methodology, A.A.H. and M.A.H.S.; project administration,
A.A.H. and M.A.H.S.; resources, H.M.A., A.A.H., M.A.H.S. and A.D.; software, A.A.H., M.A.H.S. and
A.D.; supervision, A.A.H.; validation, A.A.H., M.A.H.S. and A.D.; visualization, A.A.H., M.A.H.S. and
A.D.; writing—original draft, H.M.A.; writing—review and editing, H.M.A., A.A.H., M.A.H.S. and A.D.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Sulaimani Polytechnic University
(protocol code: CH00053, approved on 2 September 2019).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We are thankful to Sulaimani Polytechnic University & Sulaimani General
Directorate of Veterinary for the provision of research facilities.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cinquepalmi, V.; Monno, R.; Fumarola, L.; Ventrella, G.; Calia, C.; Greco, M.F.; Vito, D.D.; Soleo, L. Environmental Contamination

by Dog’s Faeces: A Public Health Problem. J. Environ. Res. Public Health 2013, 10, 72–84. [CrossRef] [PubMed]
2. Mwambete, K.D.; Ponce-Gordo, F.; Cuesta-Bandera, C. Genetic identification and host range of the Spanish strains of Echinococcus

granulosus. Acta Trop. 2004, 91, 87–93. [CrossRef] [PubMed]
3. Eckert, J.; Gemmell, M.A.; Meslin, F.X.; Pawlowski, Z.S. (Eds.) Humans and safety precautions. In Manual on Echinococcosis in

Humans and Animals: A Public Health Problem of Global Concern; OIE and WHO: Paris, France, 2001; pp. 238–248.
4. Torgerson, P.R.; Macpherson, C.N. The socioeconomic burden of parasitic zoonoses: Global trends. Vet. Parasitol. 2011, 182, 79–95.

[CrossRef]
5. Candela, M.G.; Fanelli, A.; Carvalho, J.; Serrano, E.; Domenech, G.; Alonso, F.; Martínez-Carrasco, C. Urban landscape and

infection risk in free-roaming cats. Zoonoses Public Health 2022. [CrossRef] [PubMed]
6. Armua-Fernandez, M.T.; Castro, O.F.; Crampet, A.; Bartzabal, Á.; Hofmann-Lehmann, R.; Grimm, F.; Deplazes, P. First case of

peritoneal cystic echinococcosis in a domestic cat caused by Echinococcus granulosus sensu stricto (genotype 1) associated to feline
immunodeficiency virus infection. Parasitol. Int. 2014, 63, 300–302. [CrossRef] [PubMed]

7. Oguz, B.; Selcin, O.; Deger, M.S.; Bicek, K.; Ozdal, N. A Case Report of Echinococcus granulosus sensu stricto (G1) in a Domestic
Cat in Turkey. J. Hell. Vet. Medical Soc. 2021, 72, 3529–3534. [CrossRef]

8. Al-Eodawee, E.M.M. Direct immunodiagnosis of Echinococcus granulosus in feces of stray, companion, and policy dogs in Baghdad
province—Iraq. AL-Qadisiyah J. Vet. Med. Sci. 2016, 15, 97–101.

9. Mastin, A.; van Kesteren, F.; Torgerson, P.R.; Ziadinov, B.; Mytynova, M.T.; Rogan, T.; Tursunov, T.; Craig, P.S. Risk factors for
Echinococcus coproantigen positivity in dogs from the Alay valley, Kyrgyzstan. J. Helminthol. 2015, 89, 655–663. [CrossRef]

http://doi.org/10.3390/ijerph10010072
http://www.ncbi.nlm.nih.gov/pubmed/23263659
http://doi.org/10.1016/j.actatropica.2004.04.001
http://www.ncbi.nlm.nih.gov/pubmed/15234657
http://doi.org/10.1016/j.vetpar.2011.07.017
http://doi.org/10.1111/zph.12919
http://www.ncbi.nlm.nih.gov/pubmed/35129882
http://doi.org/10.1016/j.parint.2013.11.005
http://www.ncbi.nlm.nih.gov/pubmed/24291289
http://doi.org/10.12681/jhvms.29408
http://doi.org/10.1017/S0022149X15000590


Vet. Sci. 2022, 9, 151 8 of 8

10. Satoskar, A.R.; Simon, G.L.; Hotez, P.J.; Tsuji, M. Medical Parasitology; Landes Bioscience: Austin, TX, USA, 2009; p. 320.
11. Sadjjadi, S.M. Present situation of echinococcosis in the Middle East and Arabic North Africa. Parasitol. Int. 2006, 55, S197–S202.

[CrossRef]
12. Keyhani, A.; Sharifi, I.; Bamorovat, M.; Mohammadi, M.A.; Askari, A.; Ebrahimipou, M.; Harandi, M.F. Epidemiological and

molecular studies on Echinococcus granulosus from free-roaming dogs in Southeast Iran. Vet. World 2020, 13, 739–745. [CrossRef]
13. Bonelli, P.; Masu, G.; Dei Giudici, S.; Pintus, D.; Peruzzu, A.; Piseddu, T.; Santucciu, C.; Cossu, A.; Demurtas, N.; Masala, G. Cystic

echinococcosis in a domestic cat (Felis catus) in Italy. Parasite 2018, 25, 25. [CrossRef]
14. Wachira, T.M.; Macpherson, C.N.L.; Gathuma, J.M. Release and survival of Echinococcus eggs in different environments in Turkana,

and their possible impact on the incidence of hydatidosis in man and livestock. J. Helminthol. 1991, 65, 55–61. [CrossRef]
15. Rahif, R.H.; Al-Naimi, U.A.M. The Effect of environmental temperature in the growth and development of Echinococcus granulosus

(Batsch1786). Iraqi J. Vet. Med. 2005, 29, 65–75. [CrossRef]
16. Gemmell, M.A.; Roberts, M.G. Cystic Echinococcosis (Echinococcus granulosus). In Zoonoses; Palmer, S.R., Soulsby, E.J.L., Simpson, D.I.H., Eds.;

Oxford University Press: Oxford, UK, 1998; pp. 665–688.
17. Kozak, G.K.; MacDonald, D.; Landry, L.; Farber, J.M. Foodborne outbreaks in Canada linked to produce: 2001 through 2009. J.

Food Prot. 2013, 76, 173–183. [CrossRef]
18. Kang, G.; Mathew, M.S.; Ranjan, P.D.; Daniel, J.D.; Mathan, M.M.; Mathan, V.; Muliyil, J. Prevalence of intestinal parasites in rural

Southern Indians. Trop. Med. Int. Health 1998, 3, 70–75. [CrossRef]
19. Darchenkova, N.N.; Romanenko, N.A.; Chernyshenko, A.L. Current ascariasis situation in the Russian Federation. Meditsinskaia

Parazitol. I Parazit. Bolezn. 2006, 4, 40–43.
20. Taghipour, A.; Javanmard, E.; Haghighi, A.; Mirjalali, H.; Zali, M.R. The occurrence of Cryptosporidium sp., and eggs of soil-

transmitted helminths in market vegetables in the north of Iran. Gastroenterol. Hepatol. Bed Bench 2019, 12, 364.
21. Hama, A.A.; Mero, W.M.; Jubrael, J.M. Molecular identification of Echinococcus granulosus (G1) strain in human and animals. Sci.

J. Univ. Zakho. 2013, 1, 1–7.
22. Khan, H.; Ahmed, H.; Afzal, M.S.; Awan, U.A.; Khurram, M.; Simsek, S.; Cao, J. Detection of Anti-Echinococcus granulosus

Antibodies in Humans: An Update from Pakistan. Pathogens 2022, 11, 29. [CrossRef]
23. Dryden, M.W.; Payne, P.A.; Ridley, R.; Smith, V. Comparison of common fecal flotation techniques for the recovery of parasite

eggs and oocysts. Vet Ther. 2005, 6, 15–28.
24. Morseth, D.J. Ultrastructure of developing taeniid embryophores and associated structures. Exp. Parasitol. 1965, 16, 207–216.

[CrossRef]
25. Mathis, A.; Deplazes, P. Copro-DNA tests for diagnosis of animal taeniid cestodes. Parasitol Int. 2006, 55, 87–90. [CrossRef]
26. Brummaier, T.; Archasuksan, L.; Watthanakulpanich, D.; Paris, D.H.; Utzinger, J.; McGready, R.; Proux, S.; Nosten, F. Improved

detection of intestinal helminth infections with a formalin ethyl-acetate-based concentration technique compared to a crude
formalin concentration technique. Trop. Med. Infect. Dis. 2021, 6, 51. [CrossRef]

27. Bowles, J.; McManus, D.P. Molecular variation in Echinococcus. Acta Trop. 1993, 53, 291–305. [CrossRef]
28. Mero, W.M.S.; Jubrael, J.M.S.; Hama, A.A. Prevalence of Hydatid Disease among Slaughtered Animals in Slemani

Province/Kurdistan-Iraq. Sci. J. Uni. Zakho 2018, 2, 33–38. [CrossRef]
29. Kohansal, M.H.; Nourian, A.; Haniloo, A.; Fazaeli, A. Molecular detection of Taenia spp. in dogs’ feces in Zanjan Province,

Northwest of Iran. Vet. World 2017, 10, 445–449. [CrossRef]
30. Khamesipour, F.; Shojaat, S.; Basirpour, B.; Kheiri, P.; Afzal, S.; Chelgerdi, B.; Nezaratizadeh, S.; Hejazi, S.H. Infection status of

hydatid cysts in Iran: A review. Infect. Diseases Herb. Med. 2021, 2. [CrossRef]
31. Kawasmeh, Z.A.; Cheema, A.H.; Shigidi, M.T. Prevalence of Echinococcosis/hydatidosis in stray dogs and slaughtered animals

in Al-Hassa region. In Symposium on Biological Aspects of Saudi Arabia; Abu-Zinada, A.H., Ed.; Saudi Arabia Biological Society:
Riyadh, Saudi Arabia, 1984; pp. 79–80.

32. Hassan, Z.I.; Meerkhan, A.A.; Boufana, B.; Hama, A.A.; Ahmed, B.D.; Mero, W.M.S.; Orsten, S.; Interisano, M.; Pozio, E.; Casulli,
A. Two haplotype clusters of Echinococcus granulosus sensu stricto in northern Iraq (Kurdistan region) support the hypothesis of a
parasite cradle in the Middle East. Acta Trop. 2017, 172, 201–207. [CrossRef]

33. Hama, A.A.; Hassan, Z.I.; Salih Mero, W.M.; Interisano, M.; Boufana, B.; Casulli, A. A Morphologically Unusual Echinococcus
granulosus (G1 Genotype) Cyst in a Cow from Kurdistan—Iraq. Epidemiol. Open Access 2015, 5, 2161-1165.

34. Ahmadi, N.A.; Dalimi, A. Molecular characterization of Echinococcus granulosus isolated from sheep and camel in Iran. Arch. Razi
Inst. 2002, 53, 47–56.

35. Bart, J.M.; Abdukader, M.; Zhang, Y.L.; Lin, R.Y.; Wang, Y.H.; Nakao, M.; Ito, A.; Craig, P.S.; Piarroux, R.; Vuitton, D.A.; et al.
Genotyping of human cystic Echinococcosis in Xinjiang, PR China. Parasitology 2006, 133, 571–579. [CrossRef] [PubMed]

36. Varcasia, A.; Canu, S.; Kogkos, A.; Pipia, A.P.; Scala, A.; Garippa, G.; Seimenis, A. Molecular characterization of Echinococcus
granulosus in sheep and goats of Peloponnesus, Greece. Parasitol. Res. 2007, 101, 1135–1139. [CrossRef] [PubMed]

37. Bhattacharya, D.; Bera, A.K.; Bera, B.C.; Maity, A.; Das, S.K. Genotypic characterization of Indian cattle, buffalo, and sheep isolates
of Echinococcus granulosus. Vet. Parasitol. 2007, 143, 371–374. [CrossRef] [PubMed]

http://doi.org/10.1016/j.parint.2005.11.030
http://doi.org/10.14202/vetworld.2020.739-745
http://doi.org/10.1051/parasite/2018027
http://doi.org/10.1017/S0022149X00010440
http://doi.org/10.30539/iraqijvm.v29i1.864
http://doi.org/10.4315/0362-028X.JFP-12-126
http://doi.org/10.1046/j.1365-3156.1998.00175.x
http://doi.org/10.3390/pathogens11010029
http://doi.org/10.1016/0014-4894(65)90045-7
http://doi.org/10.1016/j.parint.2005.11.012
http://doi.org/10.3390/tropicalmed6020051
http://doi.org/10.1016/0001-706X(93)90035-A
http://doi.org/10.25271/2014.2.1.125
http://doi.org/10.14202/vetworld.2017.445-449
http://doi.org/10.4081/idhm.2021.125
http://doi.org/10.1016/j.actatropica.2017.04.028
http://doi.org/10.1017/S0031182006000734
http://www.ncbi.nlm.nih.gov/pubmed/16836793
http://doi.org/10.1007/s00436-007-0568-x
http://www.ncbi.nlm.nih.gov/pubmed/17484070
http://doi.org/10.1016/j.vetpar.2006.09.007
http://www.ncbi.nlm.nih.gov/pubmed/17029790

	Introduction 
	Materials and Methods 
	Study Area 
	Collection of Dog Faeces Samples 
	Isolation of Eggs 
	DNA Extraction 
	PCR Amplification and Sequencing 
	Statistical Analysis 

	Results and Discussion 
	Conclusions 
	References

