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Abstract 

Background: Cystic echinococcosis is caused by the larval stage of  Echinococcus granulosus. Humans become infected by ingestion 
of  parasite eggs with contaminated water and food or by direct contact with definitive hosts. Molecular studies have identified 
10 genotypes (G1–G10) within E. granulosus. Objectives: The current study is conducted to determine genotypes (strains) of  E. 
granulosus that cause cystic echinococcosis in humans in Thi-Qar province, Iraq, using polymerase chain reaction (PCR) technique 
and sequence analysis of  the mt 12S rRNA gene. Materials and Methods: The molecular study was conducted on 15 hydatid cysts 
isolated from 15 patients with cystic echinococcosis who underwent surgical operations at the Imam Hussein Teaching Hospital, 
located in the center of  the Al-Nasiriyah city, Thi-Qar province, Iraq, using PCR technique and sequencing of  the mt 12S rRNA 
gene. Results: The PCR technique was utilized for amplifying a single fragment of  254 bp length of  the mt 12S rRNA gene in all 
hydatid cysts. Sequence analysis of  mt 12S rRNA gene showed the presence of  E. granulosus genotype G1 (Sheep strain) in human 
hydatid cysts when compared with selected sequences in the present study with the reference sequences of  E. granulosus genotype 
G1 in GenBank database. In addition, five sequences in the present study were registered in GenBank database for the first time 
under accession numbers (LC712863, LC712864, LC712865, LC712866, and LC712867). Genetic variation within genotype G1 
(the G1 variant G163T) was observed in a hydatid cyst sample isolated from the human kidney with accession number LC712863.1. 
Conclusion: The current results concluded that the E. granulosus genotype G1 is responsible for human cystic echinococcosis in Thi-
Qar province. 
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Introduction
Cystic echinococcosis is a zoonotic parasitic diseases 
with a global distribution caused by the larval stage 
of  Echinococcus granulosus sensu lato. The life cycle of 
E. granulosus parasite includes dogs and other canids 
as final hosts of  the adult worm, while herbivorous 
animals as the intermediate hosts in which the larval 
stage or hydatid cyst develops.[1] Humans (accidental 
hosts) become infected by accidental ingestion of  E. 
granulosus eggs in contaminated water and food or by 
direct interaction with the final hosts.[2] Hydatid cysts are 
found in the liver, lungs, and other internal organs of 
intermediate hosts, which comprise domestic and wild 
animals, while the human is represented as the end stage, 
and therefore, the life cycle of  E. granulosus cannot be 
completed.[3]

Ten different genotypes (G1–G10) have been 
distinguished within E. granulosus, relying on the 
biological and genetic analysis of  nuclear and 
mitochondrial genes.[4] These genotypes include E. 
granulosus sensu stricto (G1, G2, G3), E. equinus (G4), 
E. ortleppi (G5), E.canadensis cluster (G6–G8 and G10) 
and E. felidis.[5] The genotype G1 (sheep strain) is the 
most predominant genotype with a global distribution 
and is responsible for the majority of  cases of  human 
cystic echinococcosis.[6]
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Cystic echinococcosis is a common health concern in Iraq, 
as many epidemiological studies have shown that the E. 
granulosus is endemic in different provinces of Iraq [7-11]. 
The annual surgical incidence of cystic echinococcosis 
in Basrah governorate is 4.5/100,000[12] and 5.6/100,000 
in Slemani city.[13] Hansh[7] registered 58 cases of human 
cystic echinococcosis in the Thi-Qar province.

The use of  molecular techniques for genetic identification 
of  E. granulosus is considerable for understanding that 
the E. granulosus genotypes have had an important 
impact on the phenotypic features, transmission 
dynamics, pathology, sensitivity to chemotherapeutic 
agents, and vaccine development strategies.[14] The 
diagnosis of  E. granulosus genotypes has a significant 
index in the application of  control programs.[15] Presently, 
mitochondrial 12S ribosomal RNA (mt 12S rRNA) 
gene is one of  the accepted genetic markers to study the 
molecular characterization of  helminthic parasites.[16] 
The present study aimed to identify the E. granulosus 
strain (genotype) responsible for cystic echinococcosis 
in humans in the Thi-Qar province based on sequence 
analysis of  mt 12S rRNA gene.

Materials and Methods

Collection of samples
The present study was conducted on 15 hydatid cysts 
isolated from humans (one kidney, eight livers, and six 
lungs) collected directly from 15 patients postoperatively 
in the Imam Hussein Teaching Hospital in Thi-Qar 
province during the period from the beginning of October 
2020 to January 2021. The patients were primarily from 
Thi-Qar province and distributed in the following district: 
Al-Nasiriyah city (seven cases, four females and three 
males), Al-Shatrah (two females), Al-Rifai (two females), 
Al-Gharraf (one male), Al-Nasr (two females), and 
Al-Chibayish (one male). Their ages ranged between 25 
and 55 years. Protoscolices were isolated from hydatid 
cysts and microscopically examined to ensure the viability 
and fertility of protoscolices by using an eosin stain. The 
sediment of protoscolices was preserved by freezing until 
its use in molecular studies.[17]

Molecular study
Molecular study was performed at the Laboratory of 
Biotechnology at Mazaya university college. DNA was 
extracted from protoscolices by using the gSYNC DNA 
Extraction Kit (Geneaid). The genomic DNA was stored 
at −20 °C.

Polymerase chain reaction
The polymerase chain reaction (PCR) was performed 
to amplify the mt 12S rRNA gene for all samples of 
genomic DNA prepared from protoscolices. The primers, 
previously determined by Dinkel et al.,[18] targeting the mt 

12S rRNA gene, consisted of the forward primer, E.g. ss1 
for. (5ʹ GTA TTT TGT AAA GTT GTT CTA 3ʹ) and the 
reverse primer, E.g. ss1 rev. (5ʹ CTA AAT CAC ATC ATC 
TTA CAA T 3ʹ). The PCR reaction was performed in a 
final 25 µL volume by adding 1 µL of each primer (forward 
and reverse), 5 µL of DNA sample, and 13 µL of nuclease-
free water from Bioneer Accupower PCR PreMix. The 
reaction was carried out in a thermocycler under the 
following conditions: one cycle of 94°C for 5 min (initial 
denaturation), followed by 40 cycles for 30 s denaturation 
at 94°C, 60 s annealing at 57 °C and extension of 40 s at 
72°C, and one cycle of final extension at 72°C for 5 min.[18] 
The PCR product was loaded on tris-borate ethyle diamine 
tetraacetic acid agarose gel 1.5%. The gel was stained with 
0.1–0.3 µL of ethidium bromide stain. Electrophoresis was 
carried out at 70 V for 90 min. The bands were examined 
for visualization of amplified PCR products using a UV 
transilluminator and digitally photographed.[19]

Sequencing of mt 12S rRNA gene
The PCR products of the mt 12S rRNA gene were sent 
to the biotechnology company (Macrogen) for sequencing. 
Five sequences, including one from the kidney, three from 
the liver, and one from the lung, were registered in the 
National Center for Biotechnology Information (NCBI) 
(https://www.ncbi.nlm.nih.gov) for the first time. BLAST 
alignment was used for the comparison of sequences in the 
present study with sequences of E. granulosus genotypes 
recorded in the GenBank database. Phylogenetic analysis 
was conducted using MEGA7 and the UPGMA method 
was used to construct the phylogenetic tree.[20] Network 
V.10 program was used for haplotype network analysis.

Ethical approval
All hydatid cysts were collected and used in this study 
after obtaining official approval from 15 patients and the 
medical staff at the Imam Hussein Teaching Hospital, 
according to document no. 532 dated January 27, 2019, and 
in agreement with the ethical principles of the Declaration 
of Helsinki.

Results

Amplification of mt 12S rRNA gene
The current study showed that all hydatid cysts isolated 
from the human kidney, liver, and lungs were fertile 
[Figure  1]. DNA extracted from protoscolices for 15 
hydatid cysts was tested using PCR technique. A single 
amplicon of 254 bp length was successfully amplified using 
a specific primer of mt 12S rRNA gene [Figure 2].

Sequence analysis
The results of sequence analysis demonstrated that all 
the samples in the present study belong to the genotype 
G1 (sheep strain) of E. granulosus, depending on the 
sequences analysis by BLAST multiple alignment with 

https://www.ncbi.nlm.nih.gov
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available reference sequences to the E. granulosus genotype 
G1 in GenBank. Five sequences were submitted to the 
GenBank and recorded for the first time under accession 
numbers (LC712863, LC712864, LC712865, LC712866, 
LC712867) [Table 1].

Genetic variation within genotype G1 observed in only 
one hydatid cyst isolated from the human kidney with 
accession number LC712863.1, represented by nucleotide 
mutation (transversion mutation), producing a single 
nucleotide polymorphism at position 163, where guanine 
replaced thymine (the G1 variant G163T), while the 
other sequences in the current study from LC712864.1 to 
LC712867.1 contain thymine at the 163 position [Figure 3].

Phylogenetic analysis
Phylogenetic analysis exhibited that all five Iraqi samples 
grouped into genotype G1. In phylogenetic analysis, 

the sample with acc. no LC712863.1 differed from 
the other samples in the current study due to genetic 
variation (the G1 variant G163T) and therefore took 
a major branch (A); in addition, sample LC712863.1 
showed high similarity with genotype G1 sequences in 
which genetic variation was observed at locus G>T9311 
for the mitochondrial genome of  E. granulosus, 
registered under accession number KU925365 in which 
the sample shared with genotype G1 sequences from 
the following countries: Bangladesh KU695149.1, 
Turkey MW421619.1, Slovenia MT253550.1, and 
China KY767925.1. The other samples (LC712864.1 
to LC712867.1) showed maximum similarity with 
genotype G1 sequences recorded in China KY767931.1, 
Iran MH395774.1, Estonia KY766883.1, and Slovenia 
MT253556.1 within the second main branch (B) 
[Figure 4].

Haplotypes of E. granulosus G1
The results of  haplotypes network analysis using the 
network V.10 program exhibited three haplotypes: H1, 
H2, and H3. Based on the comparison of  nucleotide 
sequences from different countries (China, Iran, Turkey, 
Bangladesh, Estonia, and Slovenia) with the sequences 
in the current study registered under accession numbers 
(LC712863 to LC712867). The current results showed 
two independent haplotypes, H1 and H2, where the H1 
haplotype was shared by Iraq, Iran, Turkey, Estonia, 
and Bangladesh, with a branch to this haplotype 
H3 in which China and Slovenia participated due to 
the mutation occurring at position 9348.A>G of  the 
mitochondrial genome, as registered under accession 
number KU925365, while the independent H2 haplotype 
was shared by Iraq, China, Iran, Turkey, Estonia, and 
Slovenia [Figure 5].

Discussion
Cystic echinococcosis (hydatidosis) has long been 
regarded as one of the most significant health issues in 
the Middle East, and it has been reported widely in Iran, 
Turkey, and Iraq.[6,12,21] The sequence analysis of mt 12S 
rRNA gene (254 bp) in the present study showed that the 
genotype G1 (sheep strain) of E. granulosus is a prevalent 

Figure 1: (A) Daughter hydatid cysts isolated from human liver. (B) 
Protoscolices isolated from the hydatid cyst

Figure 2: PCR products of mt 12S rRNA gene (254bp). L: DNA Ladder 
(1500 bp). Lane (1 to 9) represents PCR products of hydatid cysts 
isolated from humans: (1) kidney, (2, 3, 4, 5) liver, and (6, 7, 8, 9) lung

Table 1: New submission to GenBank accession numbers and haplotypes of E. granulosus genotype G1 in humans identified by 
mt 12S rRNA gene sequence. ND: No sequence diversity

Haplotypes New submission to GenBank acc. No. Host Source of hydatid cysts Nucleotide substitution (12S rRNA gene) 
1 LC712863 Human Kidney 163G>T

2 LC712864 Human Lung ND

3 LC712865 Human Liver ND

4 LC712866 Human Liver ND

5 LC712867 Human Liver ND
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genotype causing human cystic echinococcosis in Thi-Qar 
province. The current findings proposed the existence of 
dominance of the sheep–dog life cycle of E. granulosus 
in Thi-Qar province. In the current study, mitochondrial 
DNA sequence data represented by the mt 12S rRNA gene 
was used to identify the genotypes of E. granulosus. Von 
Nickisch-Rosenegk et al.[22] showed that the 12S rRNA 
gene is the most common mtDNA gene for analyzing 
the phylogeny, inter- and intraspecific divergence, and 
evolution of parasitic helminths. Laurimae et al.[4] 
reported that the mitochondrial genes are used much 
better than other genome sources in determining E. 
granulosus genotypes, as well as information gained from 

mitochondrial DNA can help researchers solve taxonomy 
problems of E. granulosus strains.

The present study agrees with many molecular studies 
that were carried out in Iraq that relied on nuclear and 
mitochondrial genes, such as Hansh and Awad,[23] who 
reported the most prevalent genotype G1 in humans using 
PCR–restriction fragment length polymorphism and 
sequencing of ITS1. Also, Al-Asadi and Awad[24] (2023) 
confirmed that genotype G1 is the cause of human hydatid 
cysts in Basrah and Maysan provinces. The current results 
were emphasized by Hama et al.,[25] who demonstrated 
that the sheep strain G1 is predominant in humans in the 
Kurdistan region. Likewise, Barazesh et al.[26] exhibited 
that the genotype G1 and the less influential G3 have 
main roles in the transmission of hydatidosis in Iran and 

Figure 3: Sequence alignments of mt 12S rRNA gene: Reference sequences for mt 12S rRNA gene of E. granulosus G1 from GenBank through 
databases from Iran (MH395776.1) and Ukraine (MT396431.1) shown at the top with sample sequences (LC712863.1 to LC712867.1) from humans 
in Thi-Qar province, Iraq using BLAST pairwise. The dots indicate the similarity of nucleotide sequences to the mt 12S rRNA gene sequence from 
GenBank

Figure 4: Phylogenetic relationships between mt 12S rRNA gene 
sequences in the present study and reference sequences of E. 
granulosus genotype G1

Figure 5: Haplotypes network analysis of E. granulosus G1 using the 
network V.10 program
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Turkey. The consistency with the results of the current 
study is perhaps due to the closed geographical borders 
between these two countries and Iraq. Zhong et al.[27] 
reported that the most common genotype G1 in hydatid 
cysts isolated from humans was in China.

Unlike the present results, Hansh[7] recorded the buffalo 
strain G3 in hydatid cysts isolated from human lungs in 
addition to the sheep strain G1 in Thi-Qar province. Rahi 
and Ali[28] reported two genotypes in Wasit province: sheep 
strain G1 and buffalo strain G3 in humans. The present 
study differed from Fadhil and A’aiz,[29] who demonstrated 
three genotypes, G1, G3, and G6 (camel strain) in human 
and domestic animals in Al-Qadisiyah province. In Iran, 
Rostami et al.[30] reported four genotypes, G1 (54.4%), 
G6 (40.8%), G2 (0.8%), and G3 (1%), causing human 
cystic echinococcosis. The difference in the present results 
from the previous studies may be due to the difference in 
geographical areas and methods of diagnosis.

Sequence analysis of a hydatid cyst sample isolated 
from human kidney showed G163T mutation within E. 
granulosus genotype G1 in the present study; this type of 
genetic variation represents a genotypic variant. Genetic 
variation within E. granulosus was observed in many 
studies, such as Hama et al.,[31] who observed slight genetic 
variation within genotype G1 in hydatid cysts of humans. 
Thompson and McManus[32] exhibited that genetic 
variability leads to the diagnosis of variants or genotypes 
within a species, and this diversity may be related to life 
cycle patterns, host specificity, transmission of parasites, 
pathogenesis, and rate of development.

The phylogenetic tree revealed a great similarity 
between sheep strain G1 in Thi-Qar province, Iraq, and 
genotype G1 in different Asian and European countries. 
These results indicate close evolutionary relationships 
depending on the phylogenetic analysis of  12S rRNA 
gene sequences; therefore, they were clustered within 
one clade (genotype G1). 12S ribosomal RNA and 
Cytochrome c oxidase subunit 1 gene sequences have 
been extensively applied for the molecular taxonomy of 
tapeworms.[16] Furthermore, haplotype network analysis 
relied on 12S rRNA gene sequences exhibited two 
haplotypes within E. granulosus G1 in the present study 
and was similar to other 12S rRNA gene sequences from 
different geographical regions (China, Iran, Turkey, 
Bangladesh, Estonia, and Slovenia). The haplotype 
analysis of  the mt 12SrRNA gene demonstrated slight 
nucleotide variation in the isolate (LC712863), resulting 
in a new haplotype (H1). A recent study showed 6 and 
7 haplotypes within E. granulosus sensu lato based on 
phylogenetic analysis of  mt 12S rRNA gene.[33] The 
emergence of  a new haplotype is perhaps interpreted 
by the influence of  environmental factors that induce 
genetic mutations, causing the difference in the 
hereditary structure.

Conclusion
Echinococcus granulosus genotype G1 (sheep strain) was 
specified to be the only genotype in all 15 hydatid cysts 
isolated from humans; additionally, mt 12 rRNA gene 
(254 bp length) scanned in the present study supported the 
genetic information among the genotypes of E. granulosus 
in Thi-Qar province.
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