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Article History: Abstract: Background: Among liver flukes, Fasciola hepatica is the 

most important parasite because their impact on the economy through 

damaging ruminant productivity and a zoonotic risk. Accurate 

identification of species is still challenging, so, integration of 

molecular tools is essential. This study aimed to assess the molecular 

characteristics of liver flukes isolated from ruminants in Erbil City. A 

total of 85 slaughtered ruminants (sheep, cattle, and goats) were 

examined in the period between January and March 2026.  Genomic 

DNA was extracted, followed by COI gene amplification using 

Polymerase Chain Reaction (PCR), DNA sequencing and 

bioinformatic analysis including BLASTN alignment and 

phylogenetic reconstruction. Results confirm the overall prevalence 

7.1% of the infection which was statistically significant (P = 0.034) 

with highest occurrence in sheep (16.7%), then cattle (3.3%), while no 

infections were identified in goats. Five isolates were sequenced and 

were submitted to the GenBank database of NCBI and recorded under 

these accession numbers, PZ327390, PZ327391, PZ327392, 

PZ327393, and PZ327394. BLASTN analysis showed a high 

similarity (100.00% identity) between isolated sequences and 

reference F. hepatica sequences, confirmed the identity of species. 

Phylogenetic analysis supported that all isolates clustered within the 

clade of F. hepatica, and showed close association with global 

reference strains with a significant bootstrap values. In conclusion, this 

study provides a molecular insight into liver fluke isolates from 

ruminants in Erbil City, gives another important part for limited 

genetic data available from Kurdistan Region of Iraq. 
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INTRODUCTION 
 

Congenital melanocytic nevi (CMN) are pigmented 

Liver flukes are major parasitic pathogens affecting 

ruminant livestock worldwide, exerting serious effects 

on animal health and overall productivity (Hayward 

et al., 2021). Significant economic losses are caused by 

liver fluke infections through reduced growth and 

productivity, increased illness and mortality rate, 

growth retardation, sterility, inefficient nutrient 

utilization, low quality of products, condemnation of 

infected livers and rising expenditures associated with 

control measures (Regasa & Seboka, 2021). Liver 
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flukes are members of the trematodes, with Fasciola 

hepatica and F. gigantica being the predominant 

species reported in Iraq. Infection by liver flukes has 

effects on the liver, gallbladder and biliary tree, and 

also represents an important zoonotic disease (Ali et 

al., 2021). Over the last three decades, liver fluke 

infection, especially human fascioliasis, has emerged 

as a significant global concern for public health. The 

disease is often underestimated in humans due to 

frequent misdiagnosis, resulting in delayed 

therapeutic intervention. In some cases, ectopic 

migration of parasites occurs, and flukes may localize 

in atypical sites such as skin, brain, eyes, and neck 

(Lan et al., 2024). 

Identification of liver fluke isolates is essential due to 

variations in intermediate and definitive hosts, 

pathogenicity, response to anti-parasitic drugs, and 

epidemiological patterns (Ashrafi et al., 2006). Liver 

fluke species cannot be reliably differentiated using 

clinical, pathological, or immunological approaches. 

In addition, serological techniques lack species 

specificity, and traditional morphological 

identification methods are constrained by substantial 

limitations (Othman et al., 2023). 

Consequently, molecular diagnostic approaches have 

become increasingly essential, and several studies 

have employed various molecular markers to accurate 

identification (Bozorgomid et al., 2020). Commonly 

applied markers include ITS-1, ITS-2, 28S rRNA, 

COI, and nad1, although most existing studies focus 

on individual species (Hasanpour et al., 2020). 

Polymerase chain reaction (PCR)-restriction fragment 

length polymorphism (RFLP) is widely used because 

it is rapid, cost-effective, and uncomplicated 

(Galavani et al., 2024). However it does not provide 

insight into genetic diversity and haplotype structure, 

necessitating the use of mitochondrial DNA 

sequencing (Bozorgomid et al., 2020). 

Accordingly, this study aimed to investigate liver fluke 

infections among ruminants in Erbil City, Kurdistan 

Region-Iraq. The study focused on molecular 

identification and characterization of liver fluke 

isolates using PCR-based techniques and COI 

molecular marker, assessment of genetic relationships 

among isolates using phylogenetic analysis, 

determining prevalence of liver fluke infection and 

potential zoonotic risk evaluation. 

 

 

Materials and Methods
 

Description of Study Area: 
Erbil City, in Kurdish known as Hawler and historically as Arbela, is the capital and most populous city in the 

Kurdistan Region in northern Iraq. It lies at latitude 36.206293 and longitude 44.008870 (36°12′22.6548″ N, 

44°00′31.932″ E).  

 

Sampling: 
Between January 2026 and March 2026, a total of 28 adult liver flukes were collected from the infected livers from 

85 examined slaughtered ruminants (sheep, n = 30; cattle, n = 30; goats, n = 25). 

The general liver condition was initially evaluated visually, followed by incision and compression of the hepatic 

parenchyma toward the bile ducts to facilitate the release of flukes. Following collection, adult liver flukes were stored 
at −20 °C until further processing and molecular analysis. 

Liver flukes were examined macroscopically, as well as microscopically under a light microscope to confirm their 

morphological features, and photographs were captured at 4x and 10x magnification (Figure 2). Some liver flukes 
were stored at −20 °C for molecular analysis, while the remaining parasites were fixed in 10% buffered formalin for 

morphological reference and educational purposes. 

 

 

 

 

 

 

 

 

 

 

 

Morphological Identification and Sample Preservation: 
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Figure 1: Satellite map of Erbil City indicating the locations where sampling was conducted. 1- Bnaslawa, 2- 

Chwarchira, 3- Zheyan and 4- Erbil Modern Slaughterhouse. 

 

Morphological Identification and Sample Preservation: 

Liver flukes were examined macroscopically, as well as microscopically under a light microscope to confirm their 

morphological features, and photographs were captured at 4x and 10x magnification (Figure 2). Some liver flukes 
were stored at −20 °C for molecular analysis, while the remaining parasites were fixed in 10% buffered formalin for 

morphological reference and educational purposes. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Morphological characteristics of adult liver flukes recovered from infected ruminants. Gross 

appearance showing dorsoventrally flattened body and internal branching structures (A, B, and C), and 

microscopic views demonstrating internal organs and eggs within the uterus (D and E). 

 

DNA Extraction: 

Genomic DNA was extracted from adult liver fluke tissues using the AddPrep Genomic DNA Extraction Kit 

(AddBioMeditek, Daejeon, South Korea), following the manufacturer’s instructions with minor adjustments. 

DNA Quantification and Qualification: 

DNA concentration and purity were measured using a NanoDrop spectrophotometer (ND-1000, USA). Samples 

with concentrations above 0.5 µg/µl and absorbance ratios greater than 1.7 were selected for molecular applications. 

 

Polymerase Chain Reaction (PCR) Amplification: 
Polymerase chain reaction targeting the cytochrome c oxidase subunit I (COI) gene was conducted. Reactions were 

prepared in 50 μl volumes containing 2x Taq DNA Polymerase Master Mix (AMPLIQON A/S, Stenhuggervej 22), 

20 picomole (pmol) primers, DNase-free water, and template DNA (Table 1 and Table 2). Amplification was 

conducted using Bioresearch PTC-200 Gradient thermocycler. 

 

Table 1: Reagents of Polymerase Chain Reaction (PCR) amplification. 

No. PCR components Concentration Volume (µl) 

1 Master Mix 2x 25 

2 Forward Primer 20 pmol 2 

3 Reverse Primer 20 pmol 2 

4 DNase free Water 50 µl 16 

5 Template DNA 50 ng/µl 5 

Total 50 

 

Table 2: Pair of primers used in COI gene amplification. 

Primer Sequence 5’-3’ 
Amplicon 

size (bp) 
PCR Condition 

COI-F 5’- ACGTTGGATCATAAGCGTGT -3’ 
490 bp 

95°-5 min; 95°-38 sec, 59°-38 

sec, 72°-1 min; 72°-10 min; 4° 

∞ COI-R 5’- CCTCATCCAACATAACCTCT -3’ 

 

Agarose Gel Electrophoresis: 
Separation of DNA fragments based on their molecular weight is done using Agarose gel electrophoresis, which is a 

procedure that is essential part of almost any standard experiments performed in molecular biology. The three main 

steps include agarose gel preparation, and electrophoresis of DNA fragments, followed by visualization of them. 
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DNA Sequencing:  
ABI Prism Terminator Sequencing Kit (Applied Biosystem) was used for sequencing the PCR product samples of 

COI partial gene at Macrogen Molecular Company in South Korea. Then, for base calls confirmation and editing 

the chromatogram of genes, the Finch TV tool software is used. 

 

Bioinformatics 
To get accession numbers, the isolated sequences had been submitted to National Center for Biotechnology 

Information (NCBI). Sequence alignment was done at Basic Local Alignment Search Tool (BLAST) using 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi), to comparing and alignment laboratory or query sequence with the same 

sequencing fragment marker (COI) to find out more similarity with liver flukes. The phylogenetic location of isolated 

sequences was determined by repeated alignment among a number of related liver fluke sequences, and these 
sequences obtained from NCBI, and then aligned with each other (adding Fasciolopsis buskii, with accession number 

of KX449331.1 as an out group) using Muscle model within MEGA software v.11 (Program Files\MEGA11 

\MEGA_64.exe.). 

 

Results 
Prevalence of Infection: 
A total of 85 ruminants (sheep, n = 30; cattle, n = 30; goats, n = 25) were examined, of which 6 (7.1%) were positive 

for liver fluke infection. The highest prevalence was observed in sheep, with 5 out of 30 animals (16.7%) infected, 

followed by cattle with 1 out of 30 (3.3%), while no infections were detected among goats. 

 

Table 3: Occurrence and prevalence of liver fluke infection among slaughtered ruminants examined in Erbil 

City, Kurdistan Region, Iraq. 

Hosts Positive Negative Prevalence % P value 

Sheep 5 25 16.7% 

0.034 
Cattle 1 29 3.3% 

Goat 0 25 0.0% 

Total 6 79 7.1% 

 

PCR Amplification and Sequencing Results: 
The mitochondrial Cytochrome C Oxidase subunit I (COI) gene was amplified from liver fluke isolates. The expected 

PCR product size was approximately 500 base pairs (bp), and after sequence editing and trimming, a final fragment 

length of 470 bp was obtained (Figure 3). The quality of the obtained sequences was confirmed by clear 

chromatogram peaks (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Agarose gel electrophoresis showing sequence amplification of the COI gene sequence, with size of 

470bp, isolated from liver flukes. 
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Figure 4: Representative graph shows summary profile of isolated COI gene sequences. 

 

Sequence Data and GenBank Submission: 
A total of five liver fluke isolates were sequenced. The obtained nucleotide sequences were edited and saved in 

FASTA format, then submitted to the GenBank database of the National Center for Biotechnology Information 

(NCBI) and recorded under the following accession numbers, PZ327390, PZ327391, PZ327392, PZ327393, and 

PZ327394.   

 

BLAST Analysis: 
BLASTN analysis revealed that the obtained sequences showed high similarity to Fasciola hepatica sequences 

available in GenBank. The query sequences demonstrated 100.00% identity with reference sequences, with a query 

coverage of 100% and E-value of 0.0, indicating a highly significant match (Table 4). 

 

Table 4: BLASTN alignment results of liver fluke isolates based on COI gene sequences compared with reference 

sequences in GenBank. 

Strain Description Scientific 

Name 

Query 

Cover  

E 

value  

Per. 

Ident  

Accession 

(Reference 

sequences) 

Fasciola hepatica isolate FhCHL-19 

cytochrome c oxidase subunit I (COX1) 

gene, partial cds; mitochondrial 

F. hepatica 100% 0.0 100.00% OR266971.1 

F. hepatica isolate CO48 cytochrome 

oxidase subunit 1 gene, partial cds; 

mitochondrial 

F. hepatica 100% 0.0 100.00% MK447985.1 

F. hepatica haplotype FhC2 cytochrome 

oxidase subunit I (COI) gene, partial cds; 

mitochondrial 

F. hepatica 100% 0.0 100.00% KR422385.1 

F. hepatica isolate FhCHL-04 cytochrome F. hepatica 100% 0.0 100.00% OR266956.1 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid6157%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=YP77TP7A016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid6157%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=YP77TP7A016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid6157%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=YP77TP7A016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid6157%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=YP77TP7A016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid6157%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=YP77TP7A016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=3&HSP_SORT=3
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid6157%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=YP77TP7A016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=3&HSP_SORT=3
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2544431329
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2544431329
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2544431329
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/OR266971.1?report=genbank&log$=nucltop&blast_rank=1&RID=ZC00GARK016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843075
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843075
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843075
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/MK447985.1?report=genbank&log$=nucltop&blast_rank=2&RID=ZC00GARK016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_937959948
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_937959948
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_937959948
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/KR422385.1?report=genbank&log$=nucltop&blast_rank=3&RID=ZC00GARK016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2544431273
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/OR266956.1?report=genbank&log$=nucltop&blast_rank=4&RID=ZC00GARK016
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c oxidase subunit I (COX1) gene, partial 

cds; mitochondrial 

F. hepatica isolate DM402 

mitochondrion, partial genome 
F. hepatica 100% 0.0 100.00% MT862417.1 

F. hepatica isolate CO12 cytochrome 

oxidase subunit 1 gene, partial cds; 

mitochondrial 

F. hepatica 100% 0.0 100.00% MK447949.1 

F. hepatica isolate CO14 cytochrome 

oxidase subunit 1 gene, partial cds; 

mitochondrial 

F. hepatica 100% 0.0 100.00% MK447951.1 

F. hepatica isolate CO21 cytochrome 

oxidase subunit 1 gene, partial cds; 

mitochondrial 

F. hepatica 100% 0.0 100.00% MK447958.1 

F. hepatica isolate CO7 cytochrome 

oxidase subunit 1 gene, partial cds; 

mitochondrial 

F. hepatica 100% 0.0 100.00% MK447944.1 

 

Sequence Alignment: 
Multiple sequence alignment of the obtained isolates with reference sequences demonstrated a high degree of 

nucleotide similarity, with only minor variations observed at specific positions. Overall, the alignment confirmed the 
close genetic relationship between the studied isolates and known F. hepatica sequences (Figure 5). 

 

Phylogenetic analysis was performed using the Neighbor-Joining method based on COI gene sequences. The 
constructed phylogenetic tree showed that all five isolates clustered within the Fasciola hepatica clade, demonstrating 

close genetic relatedness to reference strains retrieved from GenBank. The isolates included in this study are grouped 

with previously reported F. hepatica sequences, indicating minimal genetic divergence among the local isolates and 

global reference strains (Figure 6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Pairwise alignment of the COI gene sequence from the studied isolate (Query) with a reference Fasciola 

hepatica sequence from GenBank (Subject). 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2544431273
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2544431273
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1907754960
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1907754960
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/MT862417.1?report=genbank&log$=nucltop&blast_rank=5&RID=ZC00GARK016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843003
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843003
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843003
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/MK447949.1?report=genbank&log$=nucltop&blast_rank=6&RID=ZC00GARK016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843007
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843007
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843007
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/MK447951.1?report=genbank&log$=nucltop&blast_rank=7&RID=ZC00GARK016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843021
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843021
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723843021
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/MK447958.1?report=genbank&log$=nucltop&blast_rank=8&RID=ZC00GARK016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723842993
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723842993
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1723842993
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6192
https://www.ncbi.nlm.nih.gov/nucleotide/MK447944.1?report=genbank&log$=nucltop&blast_rank=9&RID=ZC00GARK016
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Figure 6: Phylogenetic tree shows the relationship between the isolated liver fluke (green) and reference Fasciola 

hepatica sequences (blue) based on COI gene sequences. 

 

DISCUSSION  
 

Our study explored the molecular characteristics of 

liver fluke isolates collected from ruminants in Erbil 

City, Kurdistan Region, Iraq. We found that the 

overall prevalence of liver fluke infection among 

examined ruminants was 7.1%, which was 

statistically significant (p = 0.034). Previously, 

Muhammad & Hassan, 2021 reported a 7.93% 

prevalence rate of F. hepatica in sheep, cattle and 

goats, in Erbil, and which was close to our finding. 

The limitations of conventional diagnostic methods 

increase the need for molecular identification. For 

molecular methods, the well-known mitochondrial 

Cytochrome C Oxidase subunit I (COI) gene was used 

as a reliable molecular marker for species 

identification and phylogenetic analysis, as Garcia-

Corredor et al., 2023 stated, among number of 

different molecular markers used, COI is one of the 

two markers that is informative and can be used to 

evaluate genetic variations through phylogenetic 

analysis. The variable sites of the COI gene are higher 

than other markers by three to four times (Semyenova 

et al., 2006), offering enough genetic variation for 

identifying closely related species and strains of liver 

flukes. Moreover, mitochondrial genes are maternally 

inherited and do not undergo recombination, and 

have high mutation rates, which increases their 

stability and usefulness in phylogenetic studies 

(Shafiei et al., 2014; Xing et al., 2025). In our study, 

amplification and sequencing of the COI gene enabled 

the identification of liver fluke isolates. BLAST 

analysis showed a high similarity (100.00%) between 

the generated sequences and reference sequences of F. 

hepatica from GenBank, verifying the identification. 

Different strains of F. hepatica show pathological 

differences, such as ability for adaptation to a wide 

range of hosts and environments, affected by frequent 

F. hepatica gene non-synonymous polymorphisms, 

and these variations influence excretory-secretory 

molecules, for example cathepsin L proteases, that 

responsible for severity of tissue degradation during 

liver parenchyma migration (Galtier et al., 2009; 

Lalor et al., 2021; Herrera-Torres et al., 2024). Some 

strain that show resistance to treatments like 

Triclabendazole (TCBZ), has specific molecular 

mutations, and pose a higher risk because of 

prolonged infection compared to susceptible strains 

(Raina et al., 2015; Flores-Velázquez et al., 2023). 

Also, it was suggested that primoinfection and 

reinfections, may stimulate varying levels of Foxp3+ 

T cells, and parasite’s ability to induce activation of 

M2 macrophage is a key survival mechanism which 

facilitates chronic infection (Herrera-Torres et al., 

2024). For these reasons, it is important to identify 

different strains of F. hepatica. 

Additional insight into genetic relationships within 

the isolates studied was provided by phylogenetic 

analysis based on COI gene sequences. The generated 

phylogenetic tree showed that all five isolates 

clustered within the clade of F. hepatica and 

demonstrated a strong relationship with reference 

sequences from GenBank. The isolates in our study 

were grouped with previously reported strains, 

showing minimal genetic variation and a significant 

level of similarity between local and global strains, as 

reported by Husch et al., 2020 and X. Wang et al., 

2022. This observation indicates that the circulating 

liver fluke strains in the study area are genetically 

conserved and may share a common evolutionary 

origin, additionally, Alvi et al., 2023 reported similar 

findings. 

 

CONCLUSION  
 

This study provides a molecular insight into liver fluke 

isolates from ruminants in Erbil City, gives another 
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important part for limited genetic data available from 

Kurdistan Region of Iraq. Besides 7.1% overall 

prevalence of the infection. The findings indicate that 

COI gene sequencing was an accurate and reliable 

marker for identifying species, overcoming 

conventional method limitations. This study 

highlights the importance of adding molecular 

methods into routine parasitological investigations to 

improve the accuracy of diagnosis and 

epidemiological surveillance support.   
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