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Abstract 
Introduction: Fasciola species are trematodes primarily infecting the liver and bile ducts of animals and humans, and causing serious lesions. 
They have significant medical and economic impacts, leading to chronic illness and reduced productivity in livestock. This study aimed to 
assess the genetic diversity of liver flukes isolated from domestic ruminants in Sulaimani province in Iraq. 
Methodology: A total of 100 fecal samples were collected from animals living in local farms, including sheep (n = 44), goats (n = 36), and 
cattle (n = 20). Additionally, 42 liver flukes were obtained from 21 slaughtered animals (10 sheep, 6 cattle, and 5 goats) at the Sulaimani 
abattoir; 2 flukes per host were collected. DNA was extracted from sedimentation-positive fecal samples and from fluke tissue. Molecular 
characterization was performed by polymerase chain reaction (PCR) of the internal transcribed spacer 1 (ITS1), and subsequent restriction 
fragment length polymorphism (RFLP) using RsaI and Tsp509I endonucleases. Genetic diversity was assessed through sequence comparison 
and phylogenetic analysis. 
Results: RFLP analysis revealed 3 distinct patterns among liver flukes. DNA sequencing and phylogenetic analysis revealed 3 main clusters, 
primarily consisting of Fasciola hepatica, Fasciola gigantica, and Fasciola intermediate.  
Conclusions: The study demonstrates that PCR-RFLP of ITS1 with RsaI is effective for distinguishing F. hepatica from F. intermediate, while 
Tsp509I is useful for differentiating F. hepatica from F. gigantica. Additionally, PCR-RFLP of the ITS1 is a simple, fast, and reliable method 
for species identification of liver flukes present in fecal samples of animals, and directly from fluke tissue. 
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Introduction 

Fasciola species belong to the subclass Digenea; 
and primarily affect the liver and bile ducts of animals 
and humans which act as definitive hosts. Lymnaeid 
snails are the intermediate hosts; they are commonly 
found in freshwater habitats and have remarkable 
ability to adapt to mountain environments [1]. 
Definitive hosts (humans and animals) are commonly 
infected by drinking contaminated water or eating 
aquatic plants such as watercress, which harbor the 
metacercaria of these flukes [2]. The larval stage of 
Fasciola species migrates extensively through the liver 
parenchymal cells causing traumatic lesions and 
inflammation [3]. In addition, the adult forms mostly 
dwell in the bile ducts, and may sometimes block the 
bile ducts and cause jaundice. The severity of the 
infection varies depending on the species of liver fluke 
and the parasite load [4]. 

Human fasciolosis is widespread, particularly in the 
Middle East, South America, Africa, and Asia [5,6]; 

though a few cases have also been reported in Europe 
[7]. Nevertheless, clinical manifestations, other than in 
severe cases or bile duct obstruction, are commonly 
misunderstood. Additionally, there are limited effective 
medications available globally. Therefore, fasciolosis 
was classified as one of the most ignored tropical 
diseases by the World Health Organization (WHO) [8]. 

Accurate diagnosis of liver fluke infections poses 
significant challenges for both laboratory technicians 
and physicians. This is primarily because the parasite 
inhabits the liver and bile ducts, making it difficult to 
access directly. Additionally, detecting the parasite's 
eggs in fecal samples is often problematic due to their 
low concentration and intermittent shedding. These 
factors complicate accurate diagnosis and require 
advanced diagnostic techniques or supplementary 
testing to confirm the presence of the infection.  

Genotyping of liver fluke populations to understand 
their genetic diversity is of significant medical 
importance, and offers valuable insights for diagnosis, 
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treatment, and disease control. Each species and 
genotype of liver fluke has distinct evolutionary traits, 
and specific intermediate hosts within the Lymnaeid 
snail family, which play a crucial role in the 
transmission of the disease [9]. However, conventional 
diagnostic methods, e.g., coprological and 
immunological techniques, do not allow the 
identification of Fasciola species. Two main species of 
liver flukes have been identified morphologically: F. 
gigantica and F. hepatica. Although adults of these 
species are similar in many ways, there are some key 
differences: F. gigantica is larger, with a proportionally 
shorter cephalic cone compared to F. hepatica, and its 
body tends to be more leaf-like in shape [10]. More 
accurate identification of liver fluke populations was 
achieved using molecular methods that are sensitive 
and applicable [11,12]. Polymerase chain reaction 
(PCR), quantitative PCR (qPCR), random amplified 
polymorphic DNA (RAPD), amplified fragment length 
polymorphism (AFLP), restriction fragment length 
polymorphism (RFLP), and microsatellite markers have 
been used for genetic variation analysis, genotyping, 
and species identification of liver flukes [13–15]. Three 
species of Fasciola can be identified: F. hepatica, F. 
gigantica, and Fasciola intermediate [16]. The target 
genes used for genetic characterization and 
phylogenetic analysis include ribosomal DNA (28S 
rDNA), cytochrome oxidase one (COX1), internal 
transcribed spacer 1 (ITS1), and ITS2 [5,14]. ITS1 is 
situated inside the ribosomal RNA gene cluster, and is 
a well-known genetic marker that has made it possible 
to monitor the genetic diversity and relationships 
among various Fasciola species and strains [17–19]. 

Therefore, the aim of the present study was to 
identify species of liver flukes isolated from domestic 
animals and to assess their genetic variation using 
molecular markers and PCR-RFLP targeting ITS1, 
along with nucleotide sequencing in order to construct 
the phylogenetic tree. Two restriction enzymes Tsp509I 
(which recognizes ̂ AATT) and RsaI (which recognizes 
the sequence GT^AC) were utilized to produce 
fragments which reflected genetic variation. This is a 
recently documented use of these specific enzymes for 
species discrimination. Additionally, the protocol was 
optimized by reducing the enzyme incubation time, 
which had no effect on the precision and dependability 
of the outcomes. This work contributes to both 
methodological advancements and the recent 
molecular-based identification and genetic analysis of 
Fasciola species in this region where their distribution 
had not been previously well-defined. 

 

Methodology 
Sample collection 

A total of 100 fecal samples (44 sheep, 36 cattle, 20 
goats) were collected from Sulaimani farms in Iraq and 
examined using direct wet mount and sedimentation 
techniques to identify liver fluke eggs. In addition, 42 
adult flukes were collected from 21 slaughtered animals 
including cattle (n = 6), sheep (n = 10), and goats (n = 
5) at the Sulaimani slaughterhouse after visual 
inspection of the liver; two flukes per animal were 
collected. Flukes (n = 42) and coprology-positive stool 
samples (n = 2) were preserved in 70% ethanol for 
further molecular analysis.  

 
DNA extraction and molecular analysis 

Genomic DNA was extracted from 200 mg of fecal 
samples and adult fluke tissue using a commercial DNA 
stool mini kit (Geneaid Biotech, New Taipei city, 
Taiwan) and a DNA tissue extraction kit (AddPrep 
Genomic DNA extraction kit, ADDBIOINC, Daejeon, 
Korea), respectively. Adult flukes were first rinsed with 
nuclease-free water to remove the residual ethanol, and 
a piece of the posterior and or mid-body region of the 
worm was cut into small parts. This region contains less 
parts of the digestive system which minimizes PCR 
inhibition. The extracted genomic DNA was stored in 
Tris EDTA (TE) buffer at – 20 °C until further use. A 
specific primer set designed to amplify a 680 bp 
fragment of the ITS1 region was used [12]. A 50 μL 
reaction mixture was prepared for PCR amplification, 
consisting of 25 μL of 2X master mix (0.5 U/1 μL Taq 
polymerase, 200 μM dNTPs, and 1.5 mM MgCl₂; 2x GS 
Taq Master mix (Genesand Biotech Co., Beijing, 
China), 0.2 μM of each primer, and 2 μL of DNA 
sample. The thermocycler conditions were as follows: 
initial denaturation at 96 °C for 5 minutes; followed by 
40 cycles of denaturation at 96 °C for 45 seconds, 
annealing at 56 °C for 30 seconds, and extension at 72 
°C for 1 minute; with a final extension at 72 °C for 5 
minutes. The PCR product (3 μL) was loaded on a 1.5% 
agarose gel, stained with 5 μL of Biolit Safe Dye (Sisco 
Research Laboratories Pvt., Mumbai, India), 
electrophoresed at 80 V for 50 minutes, and visualized 
under UV light using BK-AG100 – Automatic Gel 
Imaging and Analysis System (BIOBASE, Shandong 
Province, China). 

 
RFLP and DNA digestion 

The restriction enzymes Tsp509 I and Rsa I (New 
England BioLab Inc, Massachusetts, United States) 
were used for RFLP analysis. For DNA digestion, 5 μL 
of the 1X rCutSmart™ Buffer (BioLab Inc, 
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Massachusetts, United States), 5 μL of the PCR 
product, 2 μL of each restriction enzyme, and 38 μL of 
nuclease-free water were added. The Tsp509I digestion 
mixture was incubated at 60 °C for 1 hour, while the 
RsaI digestion mixture was incubated at 37 °C for 1 
hour, following the manufacturer's instructions. After 
incubation, the enzymes were inactivated by heating at 
65 °C for 20 minutes. A 5 μL aliquot of the enzyme-
digested PCR product was then loaded on a 2% agarose 
gel, electrophoresed at 84 V for 90 minutes, stained 
with 4 μL of Safe Dye (Sisco Research Laboratories 
Pvt., Mumbai, India), and visualized under UV light.  

 
Sequence and phylogenetic analysis 

The PCR-amplified ITS1 were sent to Macrogen 
Inc. (Seoul, South Korea) for nucleotide sequencing. 
Bidirectional Sanger sequencing was performed, and 
the chromatograms were manually edited in BioEdit 
[20] to resolve ambiguities. The DNA sequences were 
analyzed, aligned, and compared against previously 

recorded sequences in GenBank. The phylogenetic tree 
was constructed using partial ITS1 sequences. The 
sequences obtained from the collected specimen were 
deposited in GenBank under the following accession 
numbers; PP590002-PP590004 and PP590006-
PP590009 for F. hepatica, PP590010-PP590012 for F. 
gigantica, and PP590005 for the genetically distinct 
form potentially representing F. intermediate. 
Additionally, ITS1 sequences were retrieved from 
GenBank, including MK37715, MT644667, 
MF969015, MZ614968, and MW842577 for F. 
gigantica; and PP108836 and KJ818275 for F. 
hepatica. A sequence of Echinococcus spp. (AJ237775) 
was used as an outgroup to root the tree. Multiple 
sequence alignments were carried out using MUSCL 
[21], and the maximum likelihood method was used to 
construct the phylogenetic tree, using the MEGA 
software (version 7.1). 

 
  

Figure 1. PCR-RFLP pattern of ITS1 amplicon (680 bp) digested 
by Rsa1 restriction enzyme. 

Lane M: 50 bp DNA ladder; lanes 1, 2, and 5: F. intermediate; lanes 3, 4, 
and 6: F. gigantica. 

Figure 2. PCR-RFLP pattern of ITS1 amplicon (680 bp) digested 
by Tsp509I restriction enzyme.  

Lane M: 50 bp DNA ladder; lanes 1, 2, 3, 6, 7, and 9: F. hepatica; lanes 4, 
5, and 8: F. gigantica. 
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Results 
The microscopical observations concluded that 

Fasciola eggs were detected in 2 out of 100 (2%; 1 
sheep, 1 cattle) of the fecal samples, and no other 
trematode eggs were observed. The molecular results 
indicated that all tissue of fluke worms (n = 21) samples 
were positive, while only two fecal samples were 
positive. 

The RFLP analysis with both restriction enzymes 
(Rsa1 and Tsp5091) revealed two distinct patterns for 
each enzyme, indicating genetic variation among the 
liver fluke isolates (Figures 1 and 2). PCR product 
(ITS1) digestion with Rsa1 produced a fragment pattern 
consistent with F. gigantica and Fasciola sp. being 
genetically distinct, while Tsp5091 digestion patterns 
corresponded to F. hepatica and F. gigantica. These 
findings were supported by nucleotide sequencing of 
the partially amplified ITS1 region which confirmed the 
genetic variation among the isolates. BLAST analysis 
of the nucleotide sequences discriminated three groups 
which were recorded in GenBank with the following 
accession numbers: F. hepatica (PP590002, PP590003, 
PP590004, PP590006, PP590007, PP590008, and 
PP590009), F. gigantica (PP590010, PP590011, and 
PP590012), and one genetically distinct Fasciola 
species (PP590005) (Table 1). 

The phylogenetic analysis based on ITS1 nucleotide 
sequences showed 3 main clusters corresponding to F. 
hepatica, F. gigantica, and a genetically distinct 
Fasciola sp. The first cluster consisted of 7 of the study 
samples (PP590002, PP590003, PP590004, PP590006, 
PP590007, PP590008, and PP590009), which clustered 
closely with known F. hepatica reference sequences 
(PP108836, KJ818275). This grouping was confirmed 
as F. hepatica through the high bootstrap value. The 
second clade comprised 3 study samples (PP590010, 
PP590011, and PP590012) which were clustered with 
F. gigantica reference sequences (MT644667, 
MZ614968, MW842577). These clusters also showed 
strong bootstrap support, indicating that these samples 

were F. gigantica. Finally, one sample (PP590005) did 
not cluster with F. hepatica and F. gigantica; it formed 
a separate well-supported branch. This isolate 
represents a genetically distinct form (F. intermediate) 
(Figure 3). 

 
Discussion 

In this study, ITS1-RFLP and phylogenetic analysis 
were applied to identify and discriminate between 
Fasciola species isolates from livestock. The RFLP 
results of Rsa1 and Tsp509I revealed two different 
digestion patterns indicating genetic variation among 
isolates. This finding was confirmed by sequencing 
ITS1, followed by phylogenetic analysis of the 
sequences, which identified F. hepatica as a common 
species in the study region. F. gigantica was the second 
most common species, and the presence of the 
genetically distinct Fasciola sp. that may correspond to 
F. intermediate (PP590005) was limited. This finding 

Table 1. Restriction fragment length polymorphism (RFLP) patterns of ITS1 PCR products digested with RsaI and Tsp509I. 
Host Restriction enzyme PCR product Restriction fragment (size) Accession no. of ITS1 DNA 

sequences Fasciola species 

Sheep Rsal ~680 bp 367, 172, 55, 58,28 bp PP590012 F. gigantica 

Cattle Rsal 680 bp 367, 172, 55, 58, 28 bp PP590011 F. gigantica 
367, 172, 103, 58 bp PP590005 F. intermediate 

Goat Rsal 680 bp 367, 172, 55, 58,28 bp PP590011 F. gigantica 

Sheep Tsp509I 680 bp 440, 260 bp PP590004 
PP590002 F. hepatica 

240, 250, 20 bp PP590012 F. gigantica 

Cattle Tsp509I 680 bp 440, 260 bp PP590007 F. hepatica 
240, 250, 20 bp PP590010 F. gigantica 

Goat Tsp509I 680 bp 440, 260 bp PP590008 F. hepatica 
240, 250, 20 bp PP590011 F. gigantica 

 

Figure 3. Phylogenetic tree constructed from nucleotide sequences 
of partial ITSI gene of Fasciola species isolated from animals using 
neighboring pairwise. 
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highlights the complex epidemiology of fasciolosis and 
suggests possible hybridization or novel variants in 
circulation. These results demonstrate the value of 
molecular tools in accurate species identification and 
genetic diversity analysis of Fasciola species in 
endemic areas [20]. Direct parasitological methods, 
involving the finding of eggs in animal feces, duodenal 
samples, and bile fluid for human infections, are among 
the most widely employed diagnostic techniques. In 
addition, biomarkers such as eosinophilia should be 
considered for early diagnosis [23,24]. Microscopic 
examination of eggs remains a widely used technique 
due to providing results with high specificity and 
sensitivity. However, an expert laboratory technician is 
required for the identification of liver fluke eggs [25]. 
In contrast, molecular approaches are preferred due to 
their high sensitivity and specificity; therefore, the 
ITS1-RFLP technique was used in this study.  

The detection of intraspecific polymorphisms 
allows for the characterization of genetic diversity and 
population structure among liver flukes isolates from 
different geographic regions or host species. 
Researchers can infer evolutionary relationships, gene 
flow patterns, and demographic dynamics within 
Fasciola populations by analyzing their RFLP profiles 
[25]. In the present study, PCR-RFLP of the ITS1 
region and phylogenetic analysis were utilized to 
discern the genetic polymorphism and phylogenetic 
ancestry of Fasciola species isolated from animals in 
the Sulaimani province of Iraq. The findings of this 
study somewhat differ from those of Raoof et al. [11] 
in Sulaimani province (Iraq) since they used the 
mitochondrial 28S rRNA gene and identified two 
species, F. hepatica and F. gigantica. The findings in 
this study indicate more genetic diversity, and the 
genetically distinct Fasciola species which may 
correspond to F. intermediate was identified. These 
differences reveal the high resolution of the ITSI region 
compared to the mitochondrial gene. A study conducted 
by Othman et al. [13] supports the findings of this study 
that PCR-RFLP of ITS1 is more reliable in finding 
genetic diversity among liver flukes. They used the 
mitochondrial gene COX1 and 28S rDNA for species 
identification of liver flukes, finding two species of 
Fasciola (F. hepatica and F. gigantica). Furthermore, 
studies by Mohammed et al. [16] and Koyee et al. [18] 
used different DNA markers (COXI and  28S rDNA) for 
species identification in Erbil province (Iraq). They 
reported the presence of F. hepatica and F gigantica, 
depending on the nucleotide sequencing of COXI and 
28S rDNA. However, they did not identify F. 
intermediate, as in this study. These results suggest that 

the ITS1 region is a more efficient marker for liver fluke 
species identification and detection of genetic variation. 

Compared to traditional morphological methods, 
molecular techniques such as the PCR-RFLP of the 
ITS1 region provide rapid and accurate species 
identification without the need for specialized expertise 
in parasite taxonomy. However, PCR-RFLP of the ITS1 
region may have limitations in detecting cryptic species 
or hybrid forms that exhibit similar RFLP patterns, 
necessitating complementary molecular markers or 
sequencing approaches for comprehensive 
characterization. The continued application of PCR-
RFLP for ITS1 analysis, combined with advances in 
next-generation sequencing and bioinformatics, holds 
promise for further elucidating the diversity and 
evolutionary dynamics of Fasciola species. Further 
investigations in this context might target tailoring 
RFLP protocols, increasing the number of reference 
databases, and combining molecular data with 
ecological and epidemiological research to shape the 
approaches for disease control and prevention.  

The DNA sequencing results indicate that genetic 
variation exists among the isolated samples, indicating 
the complexity within the liver fluke populations. This 
finding can be explained by the assumption of genetic 
diversity among trematode parasites because of reasons 
such as the different geographical distribution, the 
chosen host, and evolutionary processes [26]. 
Understanding genetic variability is essential for 
multiple domains of parasitology, such as 
epidemiology, taxonomy, and disease management. 
Three species of liver flukes F. hepatica, F. gigantica, 
and the genetically distinct Fasciola species that may 
correspond to F. intermediate were identified using 
nucleotide sequence analysis. This discovery aligns 
with other research using molecular methods to confirm 
the fluke species [13,25]. Accurate identification of the 
species of live samples using DNA sequences is a 
strong evidence in support for molecular methods such 
as RFLP. 

Moreover, submission of nucleotide sequences to 
the GenBank database under specific accession 
numbers (e.g., PP590002–PP590012) is a great way to 
facilitate data sharing and ensure their availability for 
future research. Accession numbers were introduced as 
distinct molecular signatures of nucleic acids to enable 
researchers all over the globe to include the data for 
comparative analyses, phylogenetic studies, and other 
applications. This allows transparency, reproducibility, 
and collaboration within the scientific community; 
which is very interesting particularly where unique 
genetic variation is observed, as in the case of the 
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PP590005 sequence, which was recorded as Fasciola 
species. This sequence's divergence from previously 
identified F. hepatica and F. gigantica sequences 
implies the existence of a genetically distinct entity that 
might be considered an intermediate form of Fasciola. 
The use of intermediate forms or cryptic species points 
at how important molecular techniques are in 
unravelling the problems of taxonomy and evolutionary 
questions arising within parasite taxa [27].  

Phylogenetic analysis revealed three main clusters: 
the first group aligned with F. hepatica, the second 
cluster aligned with F. gigantica, and the third cluster 
was the genetically distinct isolate, that may correspond 
to the F. intermediate form. This evolutionary 
relationship is supported by reference sequences for F. 
hepatica and F. gigantica, the presence of genetic 
variation suggesting a hybrid or novel variant, and the 
similar findings in China and Turkey where 
overlapping distributions facilitated introgression 
[28,29]. These results indicate the efficiency of the ITS1 
marker for detecting genetic variation and species 
identification, even beyond the resolution of 
mitochondrial markers [30,31]. 

While ITS1-RFLP is a valuable tool for genetic 
diversity and species identification; it has limitations, 
particularly when it comes to identifying closely related 
forms. It is essential to use it alongside other markers 
like DNA sequencing and different molecular tools to 
get a clear and complete picture. 

 
Conclusions 

PCR-RFLP of ITS1 is a valuable and informative 
tool for species identification and genetic variation 
analysis of the Fasciola population. RFLP with RsaI is 
a fast and reliable method for differentiation between F. 
gigantica and F. intermediate; while the restriction 
enzyme Tps509I can be used for distinguishing F. 
hepatica from F. gigantica. Species identification is 
essential for advancing our understanding of the 
parasite and informing efforts to control fasciolosis. 
DNA sequencing of ITS1 promotes more accurate 
species classification and provides an essential source 
of data on genetic differences and evolutionary lineage 
within the Fasciola genus. The combination of 
molecular techniques with other analytical models will 
continue to deepen our knowledge of parasite biology; 
which in turn, will support the development of more 
effective measures for disease control and prevention. 

Acknowledgements 
The author sincerely thanks Sulaimani Polytechnic 
University, and Sulaimani Directorate of Veterinarians for 
their logistic support and facilities. 
 
Ethical approval 
This project was approved by the Ethics Committee of the 
College of Health and Medical Technology, Sulaimani 
Polytechnic University. 
 
Corresponding author 
Abdullah Hama, PhD. 
Zewar Street, No. 44, Chwarchra Campus, Sulaymaniyah, 
Kurdistan Region, Iraq  
Tel: 009647501119333 
Email: abdullah.hama@spu.edu.iq 
 
Conflict of interest 
No conflict of interest is declared. 
 
References 
1. Rokni MB (2022) Fasciola hepatica and F. gigantica. In 

Smithers GW, editor. Module in Food Science. Amsterdam: 
Elsevier: 597–605. doi: 10.1016/B978-0-12-822521-9.00062-
9. 

2. Ouchene-Khelifi NA, Ouchene N, Dahmani H, Dahmani A, 
Sadi M, Douifi M (2018) Fasciolosis due to Fasciola hepatica 
in ruminants in abattoirs and its economic impact in two 
regions in Algeria. Trop Biomed 35: 181–187. 

3. Kipyegen CK, Muleke CI, Otachi EO (2022) Human and 
animal fasciolosis: coprological survey in Narok, Baringo, and 
Kisumu counties, Kenya. Onderstepoort J Vet Res 89: e1–e6. 
doi: 10.4102/ojvr.v89i1.1954. 

4. Akinaw WA (2021) Review on cattle fasciolosis. Journal of 
Veterinary Medicine and Surgery 5: 6740. 

5. Qureshi AW, Zeb A, Mansoor A, Hayat A, Mas-Coma S 
(2019) Fasciola hepatica infection in children actively 
detected in a survey in rural areas of Mardan district, Khyber 
Pakhtunkhwa province, northern Pakistan. Parasitol Int 69: 39–
46. doi: 10.1016/j.parint.2018.11.003. 

6. Sah R, Khadka S, Khadka M, Gurubacharya D, Sherchand JB, 
Parajuli K, Shah NP, Kattel HP, Pokharel BM, Rijal B (2017) 
Human fascioliasis by Fasciola hepatica: the first case report 
in Nepal. BMC Res Notes 10: 1–4. doi: 10.1186/s13104-017-
2761-z. 

7. Springer A, Jordan D, Kirse A, Schneider B, Campe A, 
Knubben-Schweizer G Müller KE, Hoedemaker M, Strube C 
(2021) Seroprevalence of major pasture-borne parasitoses 
(gastrointestinal nematodes, liver flukes, and lungworms) in 
German dairy cattle herds: association with management 
factors and impact on production parameters. Animals 11: 
2078. doi: 10.3390/ani11072078. 

8. World Health Organization (2018) Human fascioliasis: review 
provides fresh perspectives on infection and control. Available: 
https://www.who.int/news/item/26-07-2018-human-
fascioliasis-review-provides-fresh-perspectives-on-infection-
and-control. Accessed: 1 January 2025. 

9. Taylor MA, Coop RL, and Wall RL (2017) Veterinary 
parasitology. 3rd edition. New York: Oxford, Wiley- 
Blackwell.  



Hama – Genotyping Fasciola species isolates from animals J Infect Dev Ctries 2025; 19(12):1890-1896. 
 

1896 

10. O'Rourke A (2024) A systematic review of the effects of 
hepatitis B and C virus on the progression of liver fluke 
infection to liver cancer. Trop Dis Travel Med Vaccines 10: 6. 
doi: 10.1186/s40794-023-00215-8. 

11. Raoof HS, Marif HF, Rahman HS, Omar M, Sheikh B, San 
Ahmed AM (2020) Molecular characterization and 
phylogenetic analysis of Fasciola species in sheep and goats in 
Suleimani Province, Northern Iraq. Journal of Zankoy 
Sulaimani 22: 297–305. doi: 10.17656/jzs.10794. 

12. Marcilla A, Bargues MD, Mas-Coma S (2002) A PCR-RFLP 
assay for the distinction between Fasciola hepatica and 
Fasciola gigantica. Mol Cell Probes 16: 327–333. doi: 
10.1006/mcpr.2002.0429. 

13. Othman VS, Hama AA, Zorab RH, Dalimi A (2023) Molecular 
characterization of liver fluke isolated from sheep, goat, and 
cattle in Sulaymaniyah, Iraq. Iran J Parasitol 18: 554–562. doi: 
10.18502/ijpa.v18i4.14264. 

14. Husch C, Sattmann H, Haefeli I, Prosl H, Walochnik J (2020) 
Genetic diversity of Fasciola hepatica in Austria. Parasitol Res 
119: 1697–1701. doi: 10.1007/s00436-020-06633-3. 

15. Martínez-Pérez JM, Robles-Pérez D, Rojo-Vázquez FA, 
Martínez-Valladares M (2012) Comparison of three different 
techniques to diagnose Fasciola hepatica infection in 
experimentally and naturally infected sheep. Vet Parasitol 190: 
80–86. doi: 10.1016/j.vetpar.2012.06.002. 

16. Muhammad MJ, Hassan ZI (2021) Molecular diagnosis of 
Fasciola hepatica in livestock using cox1 gene in Erbil 
Province, Kurdistan Region/Iraq. Zanco Journal of Pure and 
Applied Sciences 33: 36–42. doi: 10.21271/ZJPAS.33.4.4. 

17. Temido H, Oliveira-Santos M, Parente F, Santos L (2017) 
Fascioliasis-a rare cause of hepatic nodules. BMJ Case Rep 
bcr-2017-220363. doi: 10.1136/bcr-2017-220363. 

18. Qaraman MK, Rozhgar AK, Mahmud, LR, Liza NN (2024) 
Histopathologic changes and molecular characterization of 
fascioliasis (a zoonotic disease) among slaughtered livestock in 
Erbil and Halabja abattoirs, Kurdistan Region-Iraq. Baghdad 
Science Journal 21: 2191. doi: 10.21123/bsj.2023.9099. 

19. Alsulami MN, Mohamed K, Wakid MH, Abdel-Gaber R, 
Timsah AG, Al-Megrin WAI, Khan A, Elkholy WA, Abdelaal 
KAA, Elshabrawy HA, El-Kady AM (2023) Molecular 
characterization of Fasciola hepatica in sheep based on DNA 
sequences of ribosomal ITS-1. Infect Drug Resist 16: 6661–
6671. doi: 10.2147/IDR.S421206. 

20. Hall TA (1999) BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 95/98/NT. 
Nucleic Acids Symp Ser 41: 95-98. 

21. Edgar RC (2004) MUSCLE: multiple sequence alignment with 
high accuracy and high throughput. Nucleic Acids Res 32: 
1792–1797. doi: 10.1093/nar/gkh340. 

22. Chaouadi M, Harhoura K, Aissi M, Zait H, Zenia S, Tazerouti 
F (2019) A post-mortem study of bovine fasciolosis in the 
Mitidja (north center of Algeria): prevalence, risk factors, and 
comparison of diagnostic methods. Trop Anim Health Prod 51: 
2315–2321. doi: 10.1007/s11250-019-01951-w. 

23. Alian S, Shayesteazar S, Soleymani E, Yazdani F, Azimi MR, 
Fakhar M (2024) Multiple liver and jejunal abscesses due to 
Fasciola flat worm: an uncommon case report from Iran. Acta 
Parasitol 69: 2051–2054. doi: 10.1007/s11686-024-00931-x. 

24. Othman VS, Hama AA, Garib DT, Zorab RH (2023) Liver 
fluke species identification isolated from humans and animals 
using PCR-RFLP and DNA sequencing. UHD Journal of 
Science and Technology 7: 66–70. doi: 
10.21928/uhdjst.v7n1y2023.pp66-70. 

25. Anh DN, Anh LT, Tuan L Q, Bac ND, Tien T, Phuong VT, 
Duong TT, Luc NK, Quang NB (2018) Identification of 
Fasciola species isolates from Nghe An Province, Vietnam, 
based on ITS1 sequence of ribosomal DNA using a simple 
PCR-RFLP method. J Parasitol Res 2018: 2958026. doi: 
10.1155/2018/2958026. 

26. Iribat P, Dekumyoy P, Komalamisra C, Sumruayphol S, 
Thaenkham U (2018) Molecular identification of Fasciola spp. 
representative samples from Thailand based on PCR-RFLP. J 
Trop Med Parasitol 41: 1–7. 

27. Nguyen TH, Dermauw V, Tran HT, Roucher C, Dorny P, 
Nguyen TH, Trung KH, Dao VT, Do NB, Nguyen KT (2022) 
Diagnosing human fascioliasis using ELISA immunoassays at 
a tertiary referral hospital in Hanoi: a cross-sectional study. 
Trop Med Infect Dis 7: 76. doi: 10.3390/tropicalmed7050076. 

28. Zhang LZ, Liu W, Wang M, Wang O (2024) Fasciola hepatica 
and Fasciola hybrid form co-existence in yak from Tibet of 
China: application of rDNA internal transcribed spacer. 
Parasitol Res 123: 789–797. doi: 10.1007/s00436-024-08383-
y. 

29. Yildiz K, Genc S, and Yazar S (2022) Multiplex PCR and 
sequence analysis to investigate genetic diversity of Fasciola 
isolates from cattle and sheep in Turkey. Pathogens 11: 1235. 
doi: 10.3390/pathogens11111235. 

30. Gholami S, Marashi M, Ziaei H, Rokni MB, Sharifdini M 
(2023) Molecular characterization of Fasciola spp. from 
ruminants in Northern Iran using ITS markers. Iranian Journal 
of Parasitology 18: 32–40. 

31. Ichikawa-Seki M, Peng M, Hayashi K, Shoriki T, Itagaki T 
(2017) Nuclear ITS1 and ITS2 markers reveal natural 
hybridization between Fasciola hepatica and Fasciola 
gigantica in Bangladesh. Parasitol Int 66: 196–198. doi: 
10.1016/j.parint.2016.12.010. 

 


	Introduction
	Methodology
	Sample collection
	DNA extraction and molecular analysis
	RFLP and DNA digestion
	Sequence and phylogenetic analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Ethical approval
	Corresponding author
	Conflict of interest
	References

