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 I 

Summary 

The current study aimed to find out the extent of the epidemiology of 

hydatid cysts disease caused by the larval stage of the parasite 

Echinococcus granulosus that affects humans and different animals and 

measure the epidemiology among animals slaughtered in the 

slaughterhouses of the Al-Nasiriyah city, Thi-Qar province, markets 

butchers and butchers working in markets selling livestock, in addition to 

human infected cases that taken from civil and government hospitals in Al-

Nasiriyah city, Thi-Qar province, and the epidemiology of the parasite in 

the final host (stray dogs feces) to find the eggs of the parasite, and make a 

morphological and molecular comparative study to the protoscolices from 

the hydatid cyst from intermediate hosts. 

In this study, (910) cases were examined by direct manual 

examination after the slaughter was completed by the butchers, and found 

42 cases infected with hydatid cysts distributed as follows (11 cows, 3 

Buffalos, 6 camels, 16 sheep and 6 human cases) and different infection 

rates of E. granulosus in cow, buffalo, camel, sheep, goats and human were 

found to be 3.5% (11/312), 4.5% (3/66), 16.7% (6/36), 4.6% (16/346), 

0.0% (0/144) and 100% (6/6), respectively. 

The different infection rates where the highest infection in camels 

was 16.7% and the lowest infection was in cows 3.5%. There is high 

significant difference in the infection among different animals at 

probability level ≤ 0.01. 

There are 12 samples are proved to contain eggs of the parasite from 

89 samples was collected from stray dogs feces that live and roam near the 

butchers working in the local market for selling sheep and goats in the 

south of Al-Nasiriyah city, Thi-Qar province. 



 II 

Measurements of the small and large hooks of the protoscolices that 

isolated from different organs in the various infected intermediate hosts 

showed significant differences in the length and width of the hooks in 

addition to the length of the handle. 

After molecular diagnosis was completed using polymerase chain 

reaction technology (PCR) with the Cox1gene in the gel electrophoresis 

technique by using the primers JB3 and JB4.5, the current study found that 

all infected cases of intermediate hosts belong to strains of the genus 

Echinococcus spp. 

The highest purity of the DNA used in the polymerase chain reaction 

technique was obtained by the using protoscolices as a source of DNA, 

where the extraction results showed that the use of protoscolices as a 

source of DNA is better than the use of germinal layer tissues, because of 

the easy analysis of protoscolices in compared to germinal layer tissues. 

The analysis of the results of the genetic sequence alignment of the 

Cox1 gene showed that all of the genotypes G1, G3 and G6 are responsible 

for the infection of hydatid cyst in humans and livestock such as sheep, 

buffalo, cow and camel, as it was proved that these types are the most 

infected cases with cystic echinococcosis. 

As the current study is a preliminary study to detect the strains of 

Echinococcus spp. that infect intermediate hosts in Al-Nasiriyah city, the 

camel strain G6 was recorded for the first time in Al-Nasiriyah city in 

human liver by based on the analysis of the Cox1 gene sequence. 

The results of the phylogenetic tree analysis showed that there is a 

genetic affinity of 86-100% between the local isolates that were isolated 

from different hosts and from different organs of the same animal. 



 III 

List of Contents 

No. Subject Page 

 Summary  I 

 List of Contents  III 

 List of Tables  VI 

 List of Figures  VII 

 List of Pictures VIII 

 List of Abbreviations IX 

 List of Appendices X 

Chapter One: Introduction 1-3 

1 – 1 Introduction  1 

1 – 2 Aim of The Study  3 

Chapter two: Literature review 4-33 

2 – 1 Historical overview 4 

2 – 2 Classification of Echinococcus granulosus 6 

2 – 3 
Phenotypic features of Echinococcus granulosus 

parasite 
6 

2 – 3 – 1 The Adult worm 6 

2 – 3 – 2 The parasite eggs 8 

2 – 4 Echinococcus granulosus lifecycle 9 

2 – 5 
Pathological and clinical symptoms of hydatid cyst 

disease 
11 

2 – 6 
Parasite epidemiology and its geographical 

distribution 
12 

2 – 7 Criteria for distinguishing E. granulosus strains 14 

2 – 7 – 1 Morphological criterion 14 

2 – 7 – 2 Biological criterion 16 

2 – 7 – 3 Genetic criterion 17 

2 – 7 – 4 Biochemical criteria 19 

2 – 8 
Echinococcus species and breeds (strains) belonging 

to it 
19 

2 – 9 
Identification of Echinococcus granulosus strains and 

genotypes according to genes 
24 

2 – 9 – 1 Cytochrome c oxidase 1 (Cox1) 24 

2 – 9 – 2 NADH dehydrogenase subunit 1 (Nad1) 25 

2 – 10 E. granulosus strains and hosts distribution 25 

2 – 11 Studies carried out in Iraq on Cystic hydatidosis 27 

2 – 12 Diagnosis the infection with hydatid cyst 32 



 IV 

Chapter three: The materials and methods 34-54 

3 – 1 The Materials 34 

3 – 1 – 1 Apparatus and equipment 34 

3 – 1 – 2 Kits 35 

3 – 1 – 3 Chemicals materials 36 

3 – 1 – 4 Primers 36 

3 – 2 Methods 37 

3 – 2 – 1 Study design 37 

3 – 2 – 2 Study area 38 

3 – 2 – 3 Sample collection 38 

3 – 2 – 3 – 1 Human samples 41 

3 – 2 – 3 – 2 Domestic animal samples 41 

3 – 2 – 3 – 3 Stray dog's feces samples 41 

3 – 3 Morphological study 42 

3 – 3 – 1 The microscopic examination 42 

3 – 3 – 1 – 1 
Preparation of hydatid cyst samples for 

morphological study 
42 

3 – 3 – 1 – 2 The microscope calibration 44 

3 – 3 – 2 Morphometric methods 46 

3 – 3 – 3 Molecular study 49 

3 – 3 – 3 – 1 Genotyping 49 

3 – 3 – 3 – 2 
Preparation of hydatid cyst contents (Protoscolices 

and germinal layer) for DNA extraction 
49 

3 – 3 – 3 – 3 Genomic DNA extraction 49 

3 – 3 – 3 – 3 – 1 DNA extraction protocol 49 

3 – 3 – 3 – 3 – 2 Genomic DNA estimation 51 

3 – 3 – 4 Polymerase chain reaction (PCR) 51 

3 – 3 – 4 – 1 PCR amplification cycles 52 

3 – 3 – 4 – 2 
Preparation of Agarose gel and electrophoresis tray 

for PCR products 
53 

3 – 3 – 4 – 3 

Sequencing mitochondrial cytochrome C oxidase 

subunit1 (Cox1) and mitochondrial gene sequence 

data analysis  

54 

3 – 3 – 4 – 3 – 1 Sequencing 54 

3 – 3 – 4 – 3 – 2 Phylogenetic tree 54 

3 – 3 – 5 Statistical Analysis 54 



 V 

Chapter Four: The Results and discussions 55-104 

4 – 1 The epidemiological study 55 

4 – 1 – 1 
Microscopic examination and infection rate of hosts with 
the hydatid cysts 

56 

4 – 1 – 2 
Infection rate of hydatid cysts according to gender of 
infected animals 

58 

4 – 1 – 3 
Infection rate of hydatid cysts according to infected organ 

of animals 
60 

4 – 2 
The phenotypic study of E. granulosus parasite in human 
and some livestock 

63 

4 – 2 – 1 
The comparative morphological study of E. granulosus 

large and small hooks according to host species 
65 

4 – 2 – 1 – 1 Lung large hooks 65 

4 – 2 – 1 – 2 Lung small hooks 66 

4 – 2 – 1 – 3 Liver large hooks 67 

4 – 2 – 1 – 4 Liver small hooks 69 

4 – 2 – 2 
The comparative morphological study of E. granulosus large 

and small hooks according to different organs in the same 

animal 
70 

4 – 3 PCR product and gel electrophoresis 78 

4 – 4 DNA sequencing and phylogenetic tree 85 

4 – 4 – 1 Samples Accession Numbers 85 
4 – 4 – 2 DNA sequencing for Cox1 gene 86 

4 – 4 – 3 Sequence analysis of Cox1 gene in samples 86 

4 – 4 – 4 Strains recorded in the current study 87 

4 – 4 – 5 Phylogenetic tree of the strains 100 

4 – 4 – 6 
Phenotypic study of E. granulosus parasite according to 

genotypes isolated in the current study 
102 

4 – 4 – 6 – 1 Large hooks measurements 102 

4 – 4 – 6 – 2 Small hooks measurements 103 

Conclusions and Recommendations 105-106 

 Conclusions 105 
 Recommendations 106 

Appendices 107-114 

Appendix (1) Details of samples collection 107 

Appendix (2) 
DNA concentration in the samples and the number of 
PCR samples 

109 

Appendix (3) Epidemiological statistics of infected animals 111 
Appendix (4) Feces samples collected from stray dogs 114 

The References 115-145 

Arabic summary  ب -أ  

Arabic Title  



 VI 

List of tables 

No. Subject Page 

2 – 1 Strains and genotypes of E. granulosus and its various hosts 20 

3 – 1 
Apparatus, manufacturing company and countries of origin used 

in the current study 
34 

3 – 2 
Equipment, manufacturing company and countries of origin used 

in the current study 
35 

3 – 3 
Kits, manufacturing company and countries of origin that used in 

current study 
35 

3 – 4 
Chemicals materials, manufacturing company and countries of 

origin used in current study 
36 

3 – 5 Mitochondrial gene primers used in current study 36 

3 – 6 Microscope calibration of the ocular sections 45 

3 – 7 Components of master mix (Premix) 52 

3 – 8 Mixture of PCR amplification for 25µl reaction volume 52 

3 – 9 PCR reaction conditions for Cox1 gene 53 

4 – 1 
Infection rate by hydatid cysts in the infected hosts according to 

the microscopic examination 
56 

4 – 2  
Infection rate by hydatid cysts in the infected hosts according to 

the gender of infected animals 
58 

4 – 3 
Infection rate of hydatid cysts in the infected hosts according to 

the infected organ of animals 
60 

4 – 4 Measurements of lung large hooks of different animals 66 

4 – 5 Measurements of lung small hooks of different animals 67 

4 – 6 Measurements of liver large hooks of different animals 68 

4 – 7 Measurements of liver small hooks of different animals 70 

4 – 8 Measurements of large and small hooks in different organs of buffalo 71 

4 – 9 Measurements of large and small hooks in different organs of camel 71 

4 – 10 Measurements of large and small hooks in different organs of cow 72 

4 – 11 Measurements of large and small hooks in different organs of sheep 74 

4 – 12 PCR samples numbers in gel electrophoresis 79 

4 – 13 The accession numbers of the recorded samples 85 

4 – 14 
Similar sequence matching in NCBI-BLAST among local E. 

granulosus isolates from different hosts 
86 

4 – 15 
Strains recorded in the current study according to their location 

in the host's body and their prevalence in intermediate hosts 
88 

4 – 16  The measurements of large hooks according to the genotypes 103 
4 – 17 The measurements of small hooks according to the genotypes 104 

 



 VII 

List of Figures 

No. Subject Page 

2 – 1 Echinococcus granulosus parasite 7 

2 – 2 Life cycle of Echinococcus granulosus 10 

3 – 1 Planner for the main action steps in the current study 37 

3 – 2 The study area on map 38 

4 – 1 
Genetic sequence analysis of the Cox1 gene for the local sample of 

cow liver compared with the sample registered in the genebank 

under accession number (MG672190.1 (G1)) 
88 

4 – 2 
Genetic sequence analysis of the Cox1 gene for the local sample of 

sheep liver compared with the sample registered in the genebank 

under accession number (LC476621.1 (G3)) 
89 

4 – 3 
Genetic sequence analysis of the Cox1 gene for the local sample of 

sheep lung compared with the sample registered in the genebank 

under accession number (MN787559.1) 
90 

4 – 4 
Genetic sequence analysis of the Cox1 gene for the local sample of 

sheep heart compared with the sample registered in the genebank 

under accession number (MT380266.1 (G6)) 
91 

4 – 5 
Genetic sequence analysis of the Cox1 gene for the local sample of 

camel liver compared with the sample registered in the genebank 

under accession number (MG672273.1 (G1)) 
92 

4 – 6 
Genetic sequence analysis of the Cox1 gene for the local sample of 

camel lung compared with the sample registered in the genebank 

under accession number (MG672273.1 (G1)) 
93 

4 – 7 
Genetic sequence analysis of the Cox1 gene for the local sample of 

buffalo lung compared with the sample registered in the genebank 

under accession number (MT318689.1) 
94 

4 – 8 
Genetic sequence analysis of the Cox1 gene for the local sample of 

buffalo spleen compared with the sample registered in the genebank 

under accession number (MG745751.1 (G1)) 
95 

4 – 9 
Genetic sequence analysis of the Cox1 gene for the local sample of 

human liver compared with the sample registered in the genebank 

under accession number (MT380931.1 (G6)) 
96 

4 – 10  
Phylogenetic tree of local isolates of Echinococcus spp. based on 

Cox1 gene analysis according to NCBI genebank database 
101 

 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/KT320886.1?report=genbank&log$=nucltop&blast_rank=1&RID=BHWN2SKR01R


 VIII 

List of Pictures 

No. Subject Page 

3 – 1 Animals slaughtered by butchers 39 

3 – 2 Stray dogs in the area of feces samples collecting 40 

3 – 3 Taeniidae egg isolated from stray dog feces 41 

3 – 4 Hydatid cysts in different organs. 43 

3 – 5 Germinal layer isolated from hydatid cyst of sheep liver 45 

3 – 6 Daughter cysts 47 

3 – 7 
Protoscolices from hydatid fluid isolated from hydatid cyst 

of sheep liver under microscope 
48 

4 – 1  Taeniidae egg isolated from stray dog feces 55 

4 – 2  Brood capsule of hydatid cyst under microscope 62 

4 – 3  
Large and small hooks isolated from protoscolices of                

E. granulosus parasite in liver of sheep 
63 

4 – 4 
Large and small hooks under ocular micrometer shows the 

measurements depended in the study 
63 

4 – 5 Large hook parameters 64 

4 – 6 Small hook parameters 64 

4 – 7 

Agarose gel electrophoresis containing the results of the polymerase 

chain reaction (PCR) products for the Cox1 gene in the study samples. 
(L): Represents the Marker ladder (100-1500bp) and samples (1-8) 
represent the results of amplification of the gene at 440bp 

81 

4 – 8 

Agarose gel electrophoresis containing the results of the polymerase 

chain reaction (PCR) products for the Cox1 gene in the study samples. 
(L): Represents the Marker ladder (100-1500bp) and samples (9-16) 

represent the results of amplification of the gene at 440bp 

81 

4 – 9 

Agarose gel electrophoresis containing the results of the polymerase 
chain reaction (PCR) products for the Cox1 gene in the study samples. 
(L): Represents the Marker ladder (100-1500bp) and samples (17-28) 
represent the results of amplification of the gene at 440bp 

82 

4 – 10 

Agarose gel electrophoresis containing the results of the polymerase 
chain reaction (PCR) products for the Cox1 gene in the study samples. 
(L): Represents the Marker ladder (100-1500bp) and samples (29-40) 
represent the results of amplification of the gene at 440bp 

82 

4 – 11 

Agarose gel electrophoresis containing the results of the polymerase 

chain reaction (PCR) products for the Cox1 gene in the study samples. 
(L): Represents the Marker ladder (100-1500bp) and samples (41-52) 
represent the results of amplification of the gene at 440bp 

83 

4 – 12 

Agarose gel electrophoresis containing the results of the polymerase chain reaction 

(PCR) products for the Cox1 gene in the study samples. (L): Represents the Marker 

ladder (100-1500bp) and samples (53-64) represent the results of amplification of the 

gene at 440bp 

83 



 IX 

4 – 13 

Agarose gel electrophoresis containing the results of the polymerase 
chain reaction (PCR) products for the Cox1 gene in the study samples. 
(L): Represents the Marker ladder (100-1500bp) and samples (65-80) 

represent the results of amplification of the gene at 440bp 

84 

4 – 14 

Agarose gel electrophoresis containing the results of the polymerase 
chain reaction (PCR) products for the Cox1 gene in the study samples. 
(L): Represents the Marker ladder (100-1500bp) and samples (81-96) 

represent the results of amplification of the gene at 440bp 

84 

 

 

List of abbreviations 

abbreviation The meaning 

A.D. Anno Domini (Year After the Christ Birth) 

ANOVA test Analysis of variance test 

AE Aleveolar Echinococcus 

BC Year Before the Christ Birth 

BLAST Basic Local Alignment Search Tool 

bp Base Pair 

°C Centigrade 

CE Cystic echinococcosis 

Cox1 Cytochrome c oxidase subunit I 

Cox2 Cytochrome c oxidase subunit II 

CT Computed tomography 

DNA Deoxy ribonucleic acid 

dNTPs Deoxynucleosidtriphosphates 

EDTA Ethylene diamine tetra-acetic acid 

E. granulosus s.l. Echinococcus granulosus sensu lato 

E. granulosus s.s. Echinococcus granulosus sensu stricto 

etc. Extra 

ELISA Enzyme linked immunosorbent assay 

EURLP European Union Reference Laboratory for Parasites  

G1-G10 Genotype 1 to 10 

Hap Haplotype 

HC Hydatid cyst 

HCD Hydatid cyst disease 

HD Hydatid disease 

HL Handle length 

L.S.D. Least significant difference 

MEGA Molecular evolutionary genetics analysis 



 X 

mg Milligram 

µl Microliter 

µm Micrometer 

MRI Magnetic resonance imaging 

mtDNA Mitochondrial DNA 

Nad1 NADH dehydrogenase I 

Nad2 NADH dehydrogenase II 

NADH Nicotinamide adenine dinucleotide  

NCBI National Center for Biotechnology Information 

PBS Phosphate buffer saline 

PCR Polymerase chain reaction 

rpm Round Per Minute 

RFLP Restriction fragment length polymorphism 

SPSS Social sciences software program 

TBE Tris-borate ethylene diamine tetra-acetic acid 

TE Tris- ethylene diamine tetra-acetic acid 

THL Total hook length 

THW Total hook width 

UE Unilocular Echinococcosis  

UPS Uninterruptible Power Supply 

UV Ultra violate  

WHO World Health Organization  

X
2
 Chi-squire 

 

 

List of Appendices 

No. Subject Page 

Appendix (1) Details of samples collection 107 

Appendix (2) 
DNA concentration in the samples and the number of 
PCR samples 

109 

Appendix (3) Epidemiological statistics of infected animals 111 

Appendix (4) Feces samples collected from bulk dogs 114 

 



Chapter One 

Introduction 



Chapter One                                                                                        Introduction 

  

1 

1 – 1: Introduction 

Hydatid cyst disease (H.C.D.) is a common disease between humans 

and animals, and this disease has a dual effect on human health and the 

productivity of livestock, as the population numbers that depend for their 

livelihood on livestock productivity are in direct danger from this disease, 

but they are more vulnerable to indirect impact on health or reduced 

production for livelihoods and food security with the exacerbation of the 

cycle of poverty. (Molyneux et al., 2011). 

The disease is caused in humans and other intermediate hosts such as 

sheep, cattle, buffalo, camels, horses and rodents by the larval stage of tape 

worm belonging to the genus Echinococcus, there are several species in 

this group, the most significant of which are medically relevant are 

Echinococcus granulosus, that causes cystic echinococcosis, which is 

common in humans and livestock, and vesicular type, caused by genus E. 

multilocularis, that cause the alveolar echinoccosis or also known as 

multilocular echinococcosis, while the third type, caused by genus E. vogeli 

and genus  E. oligarthrus, causes neotropical echinococcosis, it attacks any 

organ in the body of the intermediate host, the adult worms may be called 

small Fox tapeworm, (Kismet et al., 2008; Moro and Schantz, 2009). 

Hydatid cyst disease is a public health hazard that can appear in 

developed and developing countries (Kaplan et al., 2001; Kose and 

Sevimli, 2008), especially in areas that reared sheep and cattle, causing 

significant economic losses (Eddi et al., 2006). 
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The genus Echinococcus have an indirect life cycle (Kassai, 1999; 

Dvorak et al., 2008), to complete their life cycle, they need two 

mammalian hosts, a carnivorous final host that harbors the adult phase and 

the egg phase that is released to the external environment with the feces of 

the final host, and a herbivorous intermediate host that harbors the larval 

phase, while a human is an accidental intermediate host that does not 

contribute to the sustainability of the life cycle (dead end) (McManus et al., 

2003). 

E. granulosus has attracted the attention of many researchers around 

the world because of its economic and health impact on societies, as 

modern and advanced technologies have been used, starting with electron 

microscopes, as well as studying aspects of biochemistry to the most 

important technologies represented by genetic and molecular technologies 

that were used to distinguish groups of strains within E. granulosus, which 

researchers previously could not distinguish between them, as these 

technologies are considered the most accurate and sensitive technologies in 

their work (Salih and Al-Jamain, 2001). 

There are 10 genotypes were distinguished, G1-G10 has been 

described in the world based on the nitrogenous bases are sequenced in the 

mitochondria, and the different genotypes that were distinguished were 

described on the basis of the intermediate host in which they parasitized 

and the geographical range of their distribution (McManus, 2002; Rinaldi 

et al., 2008), and DNA markers were successfully used to characterize the 

types and strains of E. granulosus and its differentiation (Ergin et al., 2010; 

M'rad et al., 2010). 

 



Chapter One                                                                                        Introduction 

  

3 

1 – 2: Aim of the study 

Because this disease is considered an animal disease shared between 

human and animal, so this study aims to study the relationship between the 

strains that infect animals and humans by diagnose strains belonging to the 

genus Echinococcus spp. isolated from humans and different animals and 

diagnosed phenotypically and genetically using molecular methods and 

observing genetic differences between different strains by conducting 

genotyping between these strains according to the following: 

1. Conduct an epidemiological study to determine the extent of the disease 

and identify endemic areas. 

2. Neutralize the most important phenotypic differences of strains that 

infect humans and compare them with different animals by conducting 

tests by phenotypic methods. 

3. Identify the most important genetic differences of human-infected 

strains and compare it with different animal strains by molecular 

methods. 

4. Find out the genetic sequence of these strains through the use of 

sequencing technology. 
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2 – 1: Historical overview 

Hippocrates was the first to describe the hydatid cyst disease when 

he saw it in the liver of one of the deceased, he recognized it as a water-

filled liver and predicted that it would rupture in the abdomen that’s will 

lead to killing the patient, supported by Galen, Artus, as noted by Al-Razi 

in his book Al-Hawi in medicine. However, the zoological nature of 

hydatid cysts first described by Fransisco Redi, he was the first to 

recognize it in 1684, and therefore disproved the notion of spontaneous 

generation, followed by Tyson Edward, who described the cysts and 

distinguished them as a unique type of worms that give embryos later (Cox, 

2002). 

Hartmann described adult worms in the intestines of dogs in 1695, in 

1773 John Hunter showed that hydatid cysts are spherical structures white 

color and pathological nature (Kattan, 1977; Thompson, 2001). In 1776 

Pallas described and compared hydatid cysts taken from mice to those 

taken from humans and suggested that they were living organisms, thus 

completely refuting the theory of spontaneous generation (Cox, 2002). 

Goeze discovered in 1782 the protoscolices inside the hydatid cysts 

and found that they appear as granules on the inner surface of the cyst and 

also noted the similarity between them and the anterior end of the 

tapeworm, so he suggested that the tapeworm was the causative organism. 

Batsch characterized the mature worms in the dog's intestines in 1786, 

named them Hydatigena granulose. In 1808, Rudolphi classified the 

parasite within the genus Echinococcus (Bourée, 2001; Cook, 2001). 
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In 1852, Von Siebold discovered adult worms in the intestines of 

dogs three weeks after they were fed hydatid cysts from cattle in an 

experiment, showing the link between the cystic larval phase and the adult 

worm (Craig & Larrien, 2007). 

Haubner also in 1855 described the evolution of cysts in pigs 

experimentally infected with E. granulosus parasitic eggs followed in this 

the work of Krabbe, who successfully experimentally infected sheep with 

parasite eggs. In 1863 Nannun revealed the presence of adult worms in the 

intestines of dogs after feeding experimentally on the contents of hydatid 

cysts taken from an infected person and thus proved the relationship 

between human and animal infection with hydatid cysts (Craig & Larrien, 

2007). 

In 1886 Leuckar was able to complete the life history of the parasites 

for the genus Echinococcus and mention their characteristics, he also 

explained the difference between single-gap hydatid cyst resulting from the 

parasite E. granulosus and multi-gap hydatid cyst (Bourée, 2001). 

The term Echinococcus, which Rudolphi called the genus name, is 

Greek in origin, meaning "Spiny berry" or "Hedgehog berry", which refers 

to all the protoscolices found in the hydatid cyst, this term consists of two 

syllables (Echinos) meaning (hedgehog), and (kokkos) meaning (berry), 

which appear under a microscope as clusters of granules on the inner 

surface of the cyst, and the hooks appear as coarse hair-like calipers (Craig 

& Larrien, 2007). 

Hydatid is a Greek word for a watery vesicle (Hudatis, Hudatid), 

derived from the contemporary Latin word (Hydatis) meaning drop of 

water; however, the name hydatid cyst is still commonly used in medicine. 

(Moringlane, 2003; Milicevic, 2006; Craig and Larrien, 2007). 
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2 – 2: Classification of Echinococcus granulosus 

The taxonomic position of the parasite can be explained as follows 

by Harder & Mehlhorn (2008): 

Kingdom: Animalia 

      Phylum: Platyhelminthes 

            Class: Cestoda 

               Subclass: Eucestoda 

                  Order: Cyclophyllidea 

                        Family: Taeniidae 

                              Genus: Echinococcus 

                                 Species: Echinococcus granulosus 

2–3: Phenotypic features of Echinococcus granulosus parasite 

2 – 3 – 1: The Adult worm 

The Adult stage of the E. granulosus parasite lives within the small 

intestine of the final host (canine species). The E. granulosus parasite is 

one of the smallest tapeworms belonging to the family Taeniidae (Vincent, 

2004), reaching an adult length of 3-6 mm, the body (strobila) consists of a 

head (scolex) and a short neck followed by three or four body parts 

(proglottids) of different maturity stages (Flisser, 2003). (Fig. 2 – 1) 
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Fig. (2 – 1): Echinococcus granulosus parasite. A. Schematic diagram of adult 

worm; B. Microscopic appearance of scolex of Echinococcus (Paniker, 2013). 

 

The head is pear-shaped (pyriform), and has four cup-shaped suckers 

with muscular structure, and the rostellum snout armed with two rows of 

keratinized hooks of different length and arranged mutually (its number in 

one row ranges from 28-50 hooks), the length of the large hooks reaches 

30-40 micrometers, while the small hooks reach 22-34 micrometers 

(Muller & Wakelin, 2001), there is a group of cells below the anterior end 

of the snout secrete a sticky substance of unknown function (Bhamrah & 

Juneja, 2001). 
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Beyond the head area behind the suckers there is a short narrow area 

representing the neck, which has the ability to produce body parts 

continuously, the neck is followed by three or four body parts, the first 

Immature piece, which is wider than the neck, which is undifferentiated 

and contains the beginning of the genitalia in the form of a dark patch of 

cells, followed by the mature piece containing the full-grown male and 

female genitalia, which is larger than the first piece, and finally the gravid 

piece, which is longer and wider than the rest of the pieces, representing 

about half length of the body and containing a uterus filled with hundreds 

of fertilized eggs (500-800 eggs). The uterus is characterized by an 

irregularly elongated sac-like shape because it contains 12 to 15 short 

lateral branches (Muller & Wakelin, 2001; Wernery & Kaaden, 2002). 

2 – 3 – 2: The parasite eggs 

The parasite's eggs are ovoid, 30-40 µm in diameter, and contain a 

hexacanth embryo (Thompson & Mcmanus, 2001; Khuroo, 2002), full-

grown ovoid, up to 25 µm in diameter and armed with three pairs of lancet-

shaped hooklets (Bourée, 2001). 

The capsule is a thin membrane that disappears as soon as the eggs 

are released from the final host and cannot be observed in stool samples, 

while the fetal carrier is made up of a thick structure of keratinin blocks, 

which is highly resistant and gives the egg a dark striped appearance 

(Thompson & McManus, 2001). 
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2 – 4: Echinococcus granulosus lifecycle 

The parasite E. granulosus has an indirect life cycle, that requires 

two mammals hosts to complete it, the first is called the final (definitive) 

host, the parasite reaches sexual puberty in the small intestine of carnivores 

animals of the caniidae family, which includes dog, wolf, coyotes, fox, 

jackal, wild dog and hyenas. The second host is known as the intermediate 

host in which the parasite reproduces asexually in the organs and tissues of 

the herbivores animals such as sheep, goats, cattle, camels, horses, pigs, 

elk, rabbits, kangaroos and monkeys (Nepalia et al., 2006; Filippou et al., 

2007). 

The eggs that are laid with the feces of the final infected host are the 

infectious stage to the intermediate host, as these eggs are capable of 

causing infection once they reach the external environment, and may 

separate the entire pregnant piece and put out by rhythmic contraction 

movements and thus the eggs spread widely in the external environment 

(Dvorak et al., 2008). 

The intermediate host acquires infection when ingesting fully-grown 

fertilized eggs, hatching in the small intestine of the host into six-spined 

embryos (Khuroo, 2002), and the embryophore is dissolved by the enzyme 

trypsin and Pancreatin (Muller & Wakelin, 2001), releasing six-spined 

embryos that become active under the influence of bile salts (Lightowlers 

et al., 2003). (Fig. 2 – 2) 

Hexagonal embryos penetrate the mucous layer of the intestine with 

the help of the spines and the secretions of the embryo itself to reach the 

laminated layer (Crompton & Savioli, 2006), penetrate the vascular canals 

(lymph or blood vessels), within three or four hours, they travel passively 

via the blood or lymph to reach the liver. (Kuntiz & Kuntiz, 2006). 
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Fig. (2 – 2): Life cycle of Echinococcus granulosus (Paniker, 2013). 

The liver considered the first candidate for embryos, and a large 

number of them are retained as they are nominated in the liver pockets, but 

the rest of them pass through the organ to reach the lungs, which represents 

the second candidate as the numbers are held less than the embryos, a tiny 

number of embryos enter the systemic cycle through the lungs' capillary 

vessels, passing through the spleen, kidney, heart, brain, bones, and other 

organs and tissues.  (Polat et al., 2003; Gurbuz et al.,2006). 
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2 – 5: Pathological and clinical symptoms of hydatid cyst 

disease: 

Cystic echinococcosis in humans varies in incubation period from 

several months to years (Craig & Larrien, 2007) and can last 20-30 years, 

especially when cyst growth is slow and in an unspecified location (Dvorak 

et al., 2008), when the cyst is found in specific and critical locations such 

as the brain, spinal cord, or eye socket, symptoms arise early (Gutierrez, 

2000). 

Due to the tiny size of the cysts, the early phases of the disease are 

characterized by the absence of clinical signs. (Less than 5cm) and 

surrounded by a capsule by the affected organ, and many cysts may 

continue without symptoms and for several years until they reach a certain 

size causing the appearance of symptoms (McManus et al., 2003). 

The pathological effect of hydatid cysts appears as a result of the 

compression of the cyst and the effect of its mass on the affected organ or 

due to the rupture of the cyst and its accompanying complications (Chen et 

al., 2002), as the growth of the cyst within the affected organ causes an 

inflammatory reaction that leads to the formation of an adventition capsule 

around the cyst, over time destruction and atrophy of the tissue and in 

advanced cases may cause impairment of the function of the affected organ 

(Gottstein, 2003). 

In the case of rupture of the hydatid cyst and liberation of the hydatid 

fluid, it leads to the occurrence of immune interactions such as Urticaria 

(body rash), edema, respiratory problems, or anaphylactic shock, which 

might result in death, as well as liberation of the protoscolices which grow 

into secondary cysts in various parts of the body (Eckert & Deplazes, 

2004). 
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During clinical examination, a hydatid cyst in the liver leads to an 

enlarged liver (hepatomegaly) with or without palpable mass development 

in the right upper quadrant, discomfort over the stomach in the right side, 

and fever, nausea and some complications may occur due to blockage or 

invasion of the bile ducts or hepatic vessels such as obstructive jaundice, 

cholangitis, liver abscesses, liver cirrhosis, etc. (Ezer et al., 2006; Schwartz 

et al., 2008). 

In the lungs, symptoms include shortness of breath (Dyspnea), 

chronic cough, chest pain, pleuritis, hemoptysis, allergic reactions, and 

sometimes the exit of parts of the hydatid cyst as a result of intra-bronchial 

cyst rupture (Khuroo, 2002; Martinez et al., 2005). 

There is a clear decrease in the average number, weights and 

diameters of secondary hydatid cysts over three months in treated mice 

(Abd-alasis & Thobian, 2014). 

The pathological symptoms caused by hydatid cysts are different and 

depend on a combination of factors such as: Type of affected organ, 

Number, size, location and condition of cysts developing in the affected 

organ. Interference between developing cysts and adjacent tissues and 

organs. Complications resulting from a sudden rupture, bacterial infection 

and spread of the protoscolices. The occurrence of immune reactions as a 

result of the release of antigenic substances. The health state of the infected 

person (Pawlowski et al., 2001; Kern & Pawlowski, 2002). 

2 – 6: Parasite epidemiology and its geographical distribution: 

The E. granulosus parasite has a global prevalence where infection 

can occur in all regions and in temperate, tropical and subtropical regions 

(Eckert et al., 2001; Milicevic, 2006). 
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The spread and distribution of the disease is influenced by many 

factors, including agricultural, economic, health, and educational, cultural 

and social levels (Campos-Bueno et al., 2000). 

The disease is highly endemic in parts of Eurasia, Africa, Australia, 

South America and the countries surrounding the Mediterranean Sea 

(Brunetti et al., 2005) as well as countries in the Middle East including 

Iran, Iraq, Kuwait, Saudi Arabia, Lebanon, Syria, Palestine and Jordan 

(Abu-Hasan et al., 2002; Nasrieh et al.,2003). 

The hosts of the E. granulosus have Predator-prey relationship 

during the complicated life cycle, which contains the final host which 

harbours the adult phase and the intermediate host which harbours the 

larval phase and free phase represented in eggs that spread in the external 

environment (Lightowlers et al., 2003). 

The dynamics of parasite transmission between the intermediate and 

final host depend on a number of factors: Extrinsic factors, including 

climate (especially heat and humidity) and mechanisms to help spread 

eggs. While the intrinsic factors including strain of parasite, innate and 

acquired immunity of the host, biotic potential of the parasite, as well as 

socio–ecological factors such as habits, traditions and feeding habits of the 

host, agriculture, massacres and the level of health awareness (Gemmell et 

al., 2001). 

Infection of the final host occurs through ingestion of the fertile 

hydatid cysts (larval stage) containing the protoscolices, the burden of the 

parasite in the final host is determined by the number of ingested 

protoscolices that develop into adult worms capable of producing fertilized 

eggs over a certain period of time depending on the strain of the parasite 

(Thompson & McManus, 2001), and the acquired immunity in the final 
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host may affect the number of established worms by providing degrees of 

protection against second infection or by inhibiting egg production 

(Torgerson, 2006). 

In the Van area, Turkey, dogs are mainly infected with the livestock 

genotype of E. granulosus, which is believed to pose a zoonotic danger to 

humans (Oguz et al., 2018). 

Some rural areas in some parts of the Middle East are still endemic 

with cystic echinococcosis, and clinical diagnosis should be included for 

the purpose of differential diagnosis for any patient coming from an 

endemic country infected with a cerebral cyst (Saheb & Noori, 2019). 

2 – 7: Criteria for distinguishing E. granulosus strains 

The study of E. granulosus has become more complex, as evidence 

of the existence of different strains of E. granulosus has gathered in 

different intermediate hosts. Where it began in the study of species 

belonging to the E. granulosus which relied mainly on morphological 

properties as a preliminary study in the differentiation of these strains, but 

subsequent studies adopted other criteria in the differentiation of strains of 

E. granulosus, and these studies included physiological differences (such as 

biological evolution, chemical differences, etc.) and these studies took not a 

short time to identify the strains of E. granulosus in different hosts 

(Abdullah, 1996; Thompson et al., 1995), the most important criteria that 

have been used by researchers in identifying the different breeds most are: 

2 – 7 – 1: Morphological criterion 

The external appearance has been adopted as the primary 

differentiating criterion in the taxonomic studies of E. granulosus, the 

taxonomic importance of the morphological standard has been previously 
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discussed by many researchers such as (Thompson & Smyth, 1975; 

Thompson, 1982, 1988). 

These studies showed the importance of the form in diagnosing and 

easily distinguishing breeds, using the form criterion to measure the size 

and number of cotyledons, number of testicles and their distribution, the 

location of the genital opening and the shape of the ovary (Vogel, 1957). 

Recent studies have used the morphological standard to measure the 

dimensions of the snout thorns of both larvae and adults, as well as the 

shape of the ovary and the distribution of the testicles (Kumaratilake, et al., 

1986) in the identification and qualitative classification of E. granulosus 

strains. 

Pandey, et al. (1986) hypothesized that the form of E. granulosus in 

camels may represent a distinct species or subspecies, Eckert et al. (1989) 

study showed that it is easy to distinguish the breed of camels from the 

breed of sheep and horses by its general form. 

Hobbs, et al. (1990) emphasized that the overall length of the worm, 

the location of the genital opening, the number of testicles and the overall 

structure of the reproductive system are important characteristics in the 

differentiation of E. granulosus strains in Australia. Thus, the importance 

of the external form in the process of conducting comparative morphology 

studies is highlighted, although other auxiliary techniques such as bio-

evolution, biochemistry, epidemiology and host specialization are 

available. However, these techniques were considered complementary to 

the formal standard in the identification of breeds. 
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The measurements of large and small parts of the spine in the three 

intermediate hosts (human, donkey and camel) differ from each other, as 

well as their differences with the authority prescribed globally proven. The 

snout spines can be adopted as a formative criterion in distinguishing 

strains of E. granulosus, and at the same time it is inescapable evidence of 

the existence of various strains of this parasite in Iraq (Ateah, 2004). 

2 – 7 – 2: Biological criterion 

These criteria represent the nutritional or physiological needs of the 

worms, which help them to grow and develop. Researchers in this field 

have turned to the study of worms outside the host body (in vitro) and 

inside the host body (in vivo). So many researchers have used both of these 

directions as a criterion to distinguish different strains of E. granulosus, 

such as Smyth, et al. (1967) by cultivating protoscolices from hydatid cyst 

of sheep (dog/sheep breed) and from horse (dog/horse breed), these studies 

have succeeded in the development and growth of the breed of sheep to 

adulthood in this culture, while the breed of horse origin has failed to do so. 

Zenkov (1971) also found in Russia that the E. granulosus in the pig 

were not infectious to the sheep and, conversely, the E. granulosus in the 

sheep were infectious to the pig. 

On the other hand, expertise and a better understanding of parasite 

biodiversity are needed to integrate and incorporate information related to 

morphological taxonomy, molecular genetics, and evolutionary ecology 

(Yanagida et al., 2012; Sarkari et al., 2015; Sarkari et al., 2017; Thompson 

2017; Esfedan et al., 2018). 
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2 – 7 – 3: Genetic criterion 

Many recent researches have been conducted on the use of these 

criteria in the differentiation of Echinococcus strains that have been based 

on molecular biology through RNA and DNA analysis techniques (Bowles 

et al., 1992; Thompson et al., 1995). 

However, Rausch (1985) hypothesized that the fertilization process 

in these worms is episodic and that the emergence of such new strains 

depends not only on the type of reproduction but also on the attachment of 

the parasite to the intermediate host, these assumptions have been 

supported by some researchers, including the Smyth hypothesis supported 

by McManus & Smyth (1979) and Bryant & Flockhart (1986), and the 

Rausch hypothesis supported by Thompson & Lymbery (1988). 

Genetic variability within strains has been found to be most 

prevalent in the E. granulosus sheep strain G1 genotype (Haag et al., 1999; 

Kamenetzky et al., 2002). 

The PCR amplification employing the Echinococcus granulosus 

oncosphere DNA-Malbran Institute 1 (EgO/DNA-IM1) primer set showed 

high sensitivity and specificity for the identification of Echinococcus 

granulosus eggs (Cabrera et al., 2002). 

Molecular analyses of E. granulosus have found ten genotypes (G1-

G10) based on mtDNA sequences (cytochrome oxidase subunit 1 (CO1) 

and NADH dehydrogenase 1 (NADH1) genes) (Bowles et al., 1992; Scott 

et al., 1997; Lavikainen et al., 2003). 

The results of PCR-RFLP and sequence analysis showed that all 

sheep samples and the majority of goat samples were of the G1 strain, 

which is the most common strain in Iranian livestock ruminants. 
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Furthermore, six parasites isolated from goats were found to be E. 

intermedius (G7 genotype), which is the first time it has been described 

from Iran (Fadakar et al., 2015). 

The key step in genotype analysis, molecular-based diagnostic 

approaches, and taxonomic studies of a parasite such as E. granulosus is 

the amplification of a particular fragment of DNA using molecular methods 

(Sadjjadi et al., 2009; Rahimi et al., 2011; Yanagida et al., 2012; Sarkari & 

Rezaei, 2015; Lymbery, 2017; Savardashtaki et al., 2017). 

Phylogenetic analysis showed that the genetic differences within 

species were 0.0 - 0.6% and 0.0-1.4% for Cox1 and Nad1 genes, 

respectively (Barazesh et al., 2019). 

The Cox1 sequence produced confirms the existence of the dominant 

haplotype found in Europe and Africa. The NADH1 sequence was found to 

be identical to sequences found in Egyptian and British equids. Turkey is 

the first country to announce the molecular identification of E. equinus in a 

donkey (Simsek et al. 2015). 

Sequential analysis of Cox1 and Nad1 genes indicated that there 

were 11 individual patterns between the strains that were related to the 

genotypes G1, G3 and G6. Genotypes G1, G3, and G6 were found in 

human isolates, the rate of G3 genotype was therefore higher than other 

studies suggesting that human can be seen as a new suitable host for G3 

genotype (Nikmanesh et al., 2014). 

Genetic examination using complete mitochondrial genome 

established that the Chinese strain belongs to the G10 genotype (Wu et al., 

2018). 
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2 – 7 – 4: Biochemical criterion 

This type is one of the important criteria used by researchers to 

distinguish strains of E. granulosus, by studying the chemical composition 

and metabolism of sheep, horses and cows, Smyth (1976), McManus & 

Smyth (1978) and McManus (1981) observed fundamental differences 

between E. granulosus strains and their oxygen and glycogen consumption 

and metabolites. 

Agosin et al. (1957) mainly studied the chemical composition of the 

hydatid fluid and in particulars its content of inorganic substances and 

sugars. 

When compared to protoscolices antigen, the hydatid cyst fluid 

antigen had the highest antibody titer when used in diagnosis (Shani, 2011). 

Although the presence of E. granulosus DNA in 23.8% of cystic 

echinococcosis patients' serum samples confirmed that E. granulosus 

releases cell-free DNA into the circulatory system, the amounts may be 

insufficient for cystic echinococcosis diagnosis (Moradi et al., 2019). 

There was no clear relationship between Enzyme-Linked 

Immunosorbent Assays (ELISA) and Western Blotting (WB) outcomes, 

cyst number or size and genotype (Altintas et al., 2020). 

2 – 8: Echinococcus species and breeds (strains) belonging to it 

The mitochondrial cytochrome C oxidase subunit 1 (Cox1) and 

NADH dehydrogenase subunit 1 (Nad1) genes were studied using 

nucleotide sequence analysis, ten distinct genotypes (G1-G10) have been 

identified worldwide. These genes were discovered to be linked to 

intermediate hosts (Lavikainen et al., 2003; Busi et al., 2007; Moks et al., 

2008). (Table 2 – 1) 
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Table (2 – 1): Strains and genotypes of E. granulosus and its hosts 

Infectiously 
Human 

Final host Intermediate host 
The strain 

And its genotype 

Yes 

Dog, fox, 

Australian dog, 

jackal, hyena 

Sheep, cattle, pigs, 

goats 
Sheep strain (G1) 

Yes Fox, dog Sheep, cattle 
Tasmanian sheep 

strain (G2) 

? Fox, dog Buffalo, cattle, ? Buffalo strain (G3) 

No Dog Horses Horse strain (G4) 

Yes Dog Cattle, buffalo, goats Cattle strain (G5) 

Yes Dog Camel, goats, cattle, ? Camel strain (G6) 

Yes Fox, dog Pig, wild boar, beaver Pig strain (G7) 

Yes Wolf, dog Elk Cervid strain (G8) 

Yes ? Pig Strain (G9) 

? Wolf, dog Reindeer, moose, ? 
Fennoscandinavian 

cervid strain (G10) 

? Lion Zebra, hippo, giraffe,? Lion strain 

? = Unconfirmed cases (Roratto et al., 2006; Schantz, 2006; Santivane et al., 2008) 

There are 10 genotypes of E. granulosus have been recognized by 

using molecular techniques specifically the sequencing of mitochondrial 

DNA (mtDNA) (Thompson & McManus, 2002). 

It is reported that the G1 genotype (sheep strain) is the most common 

genotype involved in human cystic echinococcosus cases in Iran, and that 

the G6 genotype has a high infectivity for humans. In addition, its shows 

the first known human CE case in Iran with the G2 genotype (Rostami et 

al., 2015). 

Genotypes G3 and G6 isolates, on the other hand, were 100% 

identical to the original sequences. In Iran's Isfahan region, the G1 

genotype was the most common in livestock (Pestechian et al., 2014). 
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A global analysis of human cases showed that 72.9% were caused by 

E. granulosus sensu stricto (G1), 12.2% and 9.6% by E. canadensis (G6) 

and (G7), respectively (Cucher et al., 2016). 

The isolates were evidently E. canadensis (G6 / G7) and were 99-

100% identical to previously reported G6 / G7 haplotypes across Europe, 

Asia, North and East Africa (Ohiolei et al., 2019). 

In cystic echinococcosis patients in Tehran, Iran, four genotypes of 

E. granulosus were identified, with genotype G1 predominating followed 

by genotypes G3, G2, and G6. The predominance of genotype G1 suggests 

that the sheep/dog cycle is the main route of human infection (Moradi et 

al., 2019). 

The isolates sequence alignments revealed two distinct profiles. E. 

granulosus sensu stricto (G1) was found in all sequenced samples, with no 

organ-related genotype (Neysi et al., 2019). 

The sheep breed (G1 genotype) was the most widespread in humans, 

sheep, goats and cattle. The buffalo breed (G3 genotype) appeared not only 

in sheep (1 isolation) and cattle (1 isolation), but also for the first time in 

two human isolation (Pezeshki et al., 2013). The G1 genotype is a direct 

threat to human health and its presence in Iranian camels is of urgent 

importance to public health (Moghaddas et al., 2015). 

It's reported for the first time the G2 genotype has been found in 

cattle in Iran, and it confirms the G3 genotype found in camels from the 

same region (Sharbatkhori et al., 2016). 

In Palestine, the study discovered a high prevalence of E. granulosus 

sensu stricto in dogs (Al-Jawabreh et al., 2015). 
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The dominant strain in Al-Qadisiyah province/ Iraq was the Buffalo 

strain (G3), and both the Buffalo strain (G3) and the sheep strain (G1) 

represented an actual source of human infection, and there is no host 

specificity to the genotypes detected (Fadhil & A'aiz 2016). 

Due to its longer maturation rate in dogs than E. canadensis G7, the 

sheep that harbored E. granulosus sensu stricto may have significant 

implications for developing successful hydatid control programs in Poland 

(Sałamatin et al., 2017). 

The dominant genotype of E. granulosus in Hamadan, Western Iran, 

was G1, and when implementing hydatidosis control programs, the dog-

sheep transmission period should be considered. In addition, the hydatid 

cyst isolates showed a lot of genetic diversity (Matini, 2019). G1 and G3 

are the genotypes of E. granulosus in human samples from Hamadan 

Province, according to phylogenic analysis (Shahbazi et al., 2020). 

It was discovered that the most common genotypes of E. granulosus 

in Markazi province, Iran, were G1 and G3, which are dog/sheep strain 

related. As a result, parasite control in dogs and sheep will help to 

minimize the risk of infection spreading to humans (Abedi et al., 2019). 

Camels have been identified as an important intermediate host 

species in the Middle East and North Africa (MENA) region, with genetic 

variation trends differing between the Middle East and Africa (Dehghani et 

al., 2020). 

In two neighboring countries, Iran and Turkey, the sheep strain (G1) 

and the less important strain G3 play major roles in the CE transmission 

cycle. As a result, traditional regional preventive and control policies are 

needed to interrupt the parasite's life cycle and reduce disease burden in 

livestock and humans (Barazesh et al., 2020).  
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Bayesian inferences grouped the sequences into an E. canadensis G7 

cluster, implying that this strain is the most common in Mexico. 

Furthermore, population genetic and network analysis revealed that E. 

canadensis is extremely diverse in Mexico and has most likely been 

introduced several times from various sources. Finally, a small genetic 

difference was discovered between the G6 (camel strain) and G7 (pig 

strain) populations (Rodriguez-Prado et al., 2014). 

The first occurrence of camel strain (G6) in northwestern Iran 

indicates that possible intermediate hosts play a secondary role in camel-

dog biology maintenance. The current findings have increased our 

understanding of Echinococcus species prevalence, taxonomic strains, and 

parasitic genotypic trait in Iranian stray dogs, which will aid in the creation 

of strategies for monitoring and controlling infected stray dogs in the 

region (Shariatzadeh et al., 2015). 

E. granulosus has been divided into four groups recently, E. 

granulosus sensu stricto (G1-G3 genotypes), E. granulosus equinus (G4), 

E. granulosus ortleppi (G5) and E. granulosus canadensis (G6-G10) 

(Thompson, 2017). 

It discovered E. multilocularis and E. granulosus in canids in Iran's 

North-Khorasan Province. Both E. multilocularis and E. granulosus were 

found in jackals, but infection with the former was more common (Heidari 

et al., 2019). 
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2 – 9: Identification of Echinococcus granulosus strains and 

genotypes according to genes: 

In biology, physiology and molecular genetics, E. granulosus 

genotypes or strains differ significantly (Le et al., 2002; Karamian et al., 

2017; Hammad et al., 2018). 

Nucleotide sequence analysis of the mitochondrial cytochrome C 

oxidase subunit 1 (Cox1) and reduced Nicotinamide adenine dinucleotide 

(NADH) dehydrogenase 1 (Nad1) genes revealed these genotypes.            

E. granulosus genotypes have been linked to a variety of intermediate 

hosts, including sheep, buffalo, horses, cattle, camels, pigs, cervids, goats, 

and other species (Ebrahimipour et al., 2017; Hammad et al., 2018). This 

classification is based on the developing pattern of strain variation based on 

biological traits. 

2 – 9 – 1: Cytochrome c oxidase 1 (Cox1): 

The cytochrome c oxidase complex's principal subunit is cytochrome 

c oxidase 1. The third and final enzyme of the electron transport chain of 

mitochondrial oxidative phosphorylation is cytochrome c oxidase subunit 1 

(Cox1). It is one of three mitochondrial encoded subunits (Cox1, Cox2 and 

Cox3) of respiratory complex V. (Baraak, 2014). The enzyme cytochrome c 

oxidase is important in aerobic metabolism (Papa et al., 1994). At some 

point in the field, any molecular study of animal species includes mtDNA 

haplotyping (Ratnasingham and Hebert, 2007). Cox1, a mitochondrial 

fragment, has been selected as the standardized tool for molecular 

taxonomy and identification (Ratnasingham and Hebert, 2007; Baraak, 

2014).  
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2 – 9 – 2: NADH dehydrogenase subunit 1 (Nad1): 

This mitochondrial gene gives instructions on how to make a protein 

called dehydrogenase. This protein is a component of the complex I 

enzyme complex, which is active in mitochondria (Lenaz et al., 2004; 

Baraak, 2014). 

2 – 10: E. granulosus strains and hosts distribution 

1. G1 or sheep strain (E. granulosus sensu stricto): Australia, Europe, 

the United States of America, Africa, China, the Middle East, South 

America, and Russia are all home to this species. (Kamenetzky et al., 

2002; Dinkel et al., 2004; Hamid, 2006; Busi et al., 2007; Kul and 

Yildiz, 2010; WHO, 2014; Karamian et al., 2017; Hammad et al., 

2018). Sheep, goat, cattle, pig, camel, and man are intermediate hosts, 

while dogs, fox, dingo, jackal, and hyena are definitive hosts. 

(Thompson & McManus, 2001; Baraak, 2014). 

2. G2 or Tasmanian sheep strain (E. granulosus sensu stricto): Its origins 

can be traced back to Tasmania and Argentina (EURLP, 2017). The 

dog is a definitive host, the fox may play a role as a definitive host at 

some point in the future, sheep and man are intermediated hosts, and 

there is insufficient data on cattle as an intermediated host. 

(Thompson & McManus, 2001; Baraak, 2014). 

3. G3 or Buffalo Strain (E. granulosus sensu stricto): It's very common 

in Asia. There is insufficient data on foxes as definitive hosts, so 

Buffalo is an intermediate host. Cattle and humans may serve as 

intermediary hosts. (Thompson & McManus, 2001; Baraak, 2014). 

4. G4 or Horse strain which is identified as (E. equinus): It is spreading 

across Europe and the Middle East, but South Africa and the United 

States may be at risk. The dog is the definitive host. Horses and other 
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equine species serve as intermediate hosts. (Thompson & McManus, 

2001; Baraak, 2014; EURLP, 2017). 

5. G5 or Cattle strain which is identified as (E. ortleppi): In Europe, 

South America, India, and Russia, it is spreading. The dog is the 

definitive host. Cattle and humans serve as intermediate hosts. 

(Thompson & McManus, 2001; Baraak, 2014; EURLP, 2017). 

6. G6 or Camel strain which is identified as (E. canadensis): It has 

spread in the Middle East, Africa, China, Argentina (Baraak, 2014), 

and Iran (Harandi et al., 2002). The dog is a definitive host while the 

intermediate hosts include camels and goats. (Thompson & McManus, 

2001; El-Shazly et al., 2007; EURLP, 2017). 

7. G7 or Pig strain which is identified as (E. canadensis): It is currently 

being distributed throughout Europe, Russia, and South America 

(Baraak, 2014; EURLP, 2017). Pigs are intermediate hosts, while dogs 

are definitive hosts (Thompson & McManus, 2001; Busi et al., 2007). 

8. G8 or Cervid strain which is identified as (E. canadensis): It's been 

discovered in both Eurasia and North America. The definitive hosts 

are the wolf and dog, while the intermediate hosts are the cervid and 

human (Thompson & McManus, 2001; Konyaev et al., 2013; EURLP, 

2017). 

9. G9 or lion strain which is identified as (E. felidis): It is spreading 

across Africa. The lion is the definitive host, with zebras, warthogs, 

pigs, buffalos, and other antelope serving as intermediate hosts (Scott 

et al., 1997; Thompson & McManus, 2001; Baraak, 2014). 

10. G10 or Human strain or Fennoscandian cervid strain which is 

identified as E. canadensis: Finland and Russia have both recorded it. 

The definitive host is the wolf Canis lupus, with intermediate hosts 

including moose (Alces), Reindeer (Rangifer tarandus), and humans 
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(Thompson & McManus, 2001; Lavikainen et al., 2003; Konyaev et 

al., 2013; EURLP, 2017). 

The genotype G1 has a global distribution and is responsible for the 

vast majority of human cystic echinococcosis, accounting for 88.44% of all 

human cystic echinococcosis. It has the widest distribution and is often 

linked to transmission via sheep as an intermediate host. About 11.07% of 

human infections are caused by the closely related genotypes G6 and G7 

(Baraak, 2014). 

2 – 11: Studies carried out in Iraq on Cystic hydatidosis 

Many studies have been conducted on the disease of hydatid cysts in 

Iraq, where the first case of infection with hydatid cysts was recorded by 

Al-Mukaid (1925), where a surgical excision was performed in the eye 

socket of a woman with hydatid cyst. 

Subsequent studies have begun to focus their importance on the 

spread of this disease as many infections were recorded throughout the 

country, 107 cases of human hydatid cysts were recorded in Baghdad for 

the years 1934-1938 by researchers Senekji & Beatie (1940), and Kelly & 

Izzi (1959) recorded 189 human infections were recorded in Baghdad as 

well. 

Several studies were conducted on the disease in the country and 

recorded human infections, Hassoun & Al-Salihi (1973) recorded 

approximately (5186) infections in Iraq during eight years, and Niazi 

(1974) recorded (6885) infections during fourteen years in the whole 

country. 
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Al-Jeboori (1976) recorded (642) infections in the Medical City 

Hospital in Baghdad, and Al-Mudhfar (1979) stated that the figures remain 

unable to imagine the reality of the disease in Iraq. 

In the city of Mosul, 105 cases of hydatid cyst were recorded by 

Mahmoud (1980), while Al-Sakkal (1982) recorded 150 cases in the city of 

Mosul as well. Salih, et al., (1983) recorded (410) cases during the years 

(1971-1980) in Mosul, Barnouti (1985) was published in a search for 

hydatid cyst summarizing the disease and the types that cause it, its life 

cycle and the degree of vegetarianism of different types of man. 

Numerous studies on the diagnosis of the disease have also been 

studied by Ismail, et al. (1980) topographic diagnosis (GAT) of human 

hydatid cysts. Daoud (1979), Al-Najar (1981), Mahmoud & Al-Janabi 

(1982) diagnosed the disease by serological methods, and Kawan (1985) 

and Saeed (1988) studied the disease immunologically. 

Several studies have been conducted on the spread of the disease in 

economic animals in Iraq, which indicated the percentages of infection, in 

sheep, the percentage ranged between (4.5-44%), in goats (3.3-40%), in 

camels (20.4-75%), in Buffalo (35.6-50%) and in cows (2.2-35%) (Senekji 

& Beattie, 1940; Imari, 1954, 1962; Babero et al.1963; Al-Taif, 1974; 

Mobarak, 1978; Al-Abbasy, et al,1980; Mahmoud, 1980; Mahmoud & Al-

Janabi, 1981; Wajdi & Nassir, 1983; El-Sultan, et al., 1987; Molan & 

Saeed, 1988a,b; Molan & Zangana, 1990). 

In bulk dogs, the percentages of infection with adult worms were 

between (25-85%) (Senekji & Beattie, 1940; Kelly & Izzi, 1959; Babero et 

al, 1963; Abul-Eis, 1983; Tarish et al, 1986; Al-Khalidi, et al., 1988). 

Babero & Al-Dabagh (1963) experimentally infected dogs with 

protoscolices of human origin, while Al-Moslih, et al., (1978); Al-Dabagh, 



Chapter Two                                                                            Literature Review 

 

29 

et al., (1981); Al-Hadrawi, (1983); Al-Hassnawi, (1983); Farjou & Al-

Hassnawi, (1984); Nakhla et al., (1985) studied the effect of certain 

medicinal preparations in the larval phase of the parasite. 

Al-Saegh (1978) also studied the life behavior of the larval stage of 

E. granulosus in laboratory animals, a study was conducted on the 

chemical composition of the adipose fluid by Naash & Al-Janabi (1980) 

and Aziz, (1987), and Mahmoud & Al-Hannoun (1981) studied the effect 

of temperature on hydatid cysts in sheep, while Al-Autabbi (1983) referred 

to the fertility of hydatid cysts and its vitality in various intermediate hosts 

in Iraq, while histochemical and pathological changes in laboratory mice 

were studied by Al-Kinani (1988), Al-Zubaidy (1989) and hammodi (1989) 

studied the organic chemical composition of the hydatid fluid and the 

laminar stratification of hydatid cysts of the liver and lung of humans, 

sheep, goats, cows, buffalo and camels. 

Al-Attar, et al. (1983) recorded the first case of human infection with 

vesicular hydatid cysts in the larval phase of E. multilocularis was an 

infection to the liver of a woman in Zakho. 

Al-Abady (1989) studied the inorganic chemical composition of the 

hydatid fluid and the germinal and laminal layers of hydatid cysts of the 

same hosts above. Al-Hasani (1987) also studied some of the enzymes 

present in the hydatid fluid in sheep and Buffalo. Molan & Saeed (1988c) 

protected mice against echinococcusis by exposing the protoscolices to 

ultraviolet radiation, and Molan & Saeed (1989) experimentally infected 

BALB/C mice with the protoscolices of man, sheep and goats, and Mero 

(1992) analyzed the corresponding enzyme patterns of the hydatid cysts in 

cows. 
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Abdullah (1996) observed the existence of different strains through 

the results of studies of hydatid cysts in humans, sheep and cows, as well as 

the collection of adult worms from bulk dogs in Ninawa governorate. 

Al-Rubaie (1999) studied the effect of certain plant extracts on the 

weakening of the protoscolices outside and inside the body of the white 

mouse. Aghwan (1999) also conducted a study on the effect of the aqueous 

extract of Saad plant on laboratory mice experimentally infected with 

hydatid cysts. Mahmood (2002) studied the effect of alcohol and water 

extracts of certain plants on the weakening of the vitality of protoscolices 

outside and inside the living body in white mice. 

Ali (1999) also conducted a study on the effect of polysaccharides 

secreted outside the cells of the fungus Aureobasidium pullulans as an 

immune modifier in white mice, Al-Sabawi (2001) used wolfberry plant as 

an immunofluorescence modifier in the growth and development of 

secondary cysts of echinococcusis of human and sheep origin, and Noman 

(2002) studied the effect of polysaccharides extracted from Pseudomounas 

aeruginosa and showed a significant ability to stimulate the cellular 

immune system in white mice. 

Al-Ghariri (2000) examined the impact of hydatid cyst infection on 

some blood components using optical and electronic microscopy and 

observed changes in the tapering structure of some blood cells, while Al–

Saqi (2001) study included measuring the prevalence of hydatid cyst 

infection in some intermediate hosts in Baghdad using serological tests. 

Khader (2002) presented a study on protoscolices proteins, germinal 

and laminal layers as immunological modifiers in white mice. Al-Orabi 

(2003) also studied the effect of certain acids on the vitality and growth of 

protoscolices from human/sheep origin echinococci outside the body (in 
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vivo). It is worth mentioning that the cases mentioned above were caused 

by pupation in the larval stage of echinococcosis from E. granulosus. 

Cystic hydatidosis a real public health risk in many regions of the 

world (Ceballos et al., 2008), , Therefore, this disease has received many 

studies and in all aspects, of which we include a part. 

Al-Ubaidi (2002) presented genetic-cellular and enzymatic studies of 

hydatid cyst patients, and Al-Mulla (2003) studied the relationship between 

the sex and severity of hydatid cyst infection in white mice and their effect 

on the immune response. 

Al-Salami (2004) provided morphological and life studies on larval 

stages and adults of E. granulosus, and Al-Tikrity (2004) used plant, 

chemical and antigenic materials to test their effectiveness in infecting the 

hydatid cyst, and Al-Lami (2004) studied the effect of some plant extracts 

in the vitality of the protoscolices of the parasite. 

Al-Shammari (2005) used BCG vaccine, black bean seeds and garlic 

extract as adjuvants with the protoscolices antigen against the infection of 

white rats with hydatid cyst, followed by Al-Nasiri (2005) presented a 

biological and immunological study of the formation of hydatid cyst in 

white mice using Typhoid fever vaccine, garlic extract and albendazole as 

adjuvants. 

Al-Qadhi (2005) has shown some immunological and biochemical 

aspects in patients with hydatid cyst, while Seda (2005) has attempted to 

treat secondary hydatid cyst in white mice using both albendazole and 

mebendazole drugs. 
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The Al-Azi study (2006) showed some of the immunological aspects 

of hydatid cyst sufferers and the genetic background of human white blood 

cell antigens and their role in hydatid cysts infection. 

Al-Fayad (2009) provided molecular insight into the characterization 

of antigens derived from hydatid cyst in humans and some other 

intermediate hosts. 

Local isolates from E. granulosus from sheep liver in the city of 

Aqra, Northern Iraq, are considered faithfully equivalent to global strains 

and isolates; in addition, the Nad1 gene is considered an ideal biomarker in 

molecular recognition and the study of genetics of this parasite (Hamoo et 

al., 2019). 

2 – 12: Diagnosis the infection with hydatid cyst 

The diagnosis of hydatid cyst in humans is based on several steps 

(Gonzalez–Sapienza et al., 2000; Pawlowski et al., 2001; Filippou et al., 

2007): 

1. Epidemiological data: It consists of making sure that the infection is 

located in the given geographical location. 

2. Clinical features: This is represented by the location, number and size 

of the hydatid cysts present and the accompanying complications. 

3. Using imaging techniques: Depending on the type of affected organ 

and the stage of cyst, a techniques is chosen (Khuroo, 2002; Polat et al., 

2003), and these techniques: Ultra sonography, Computed Tomography 

(CT), Magnetic Resonance Imaging (MRI), X–ray imaging, 

Angiography, Echocardiography, Cholangiography 

4. Immunological tests: These tests are used to confirm the presence of 

hydatid cyst in doubtful cases as well as for postoperative evaluation 

and for drug treatment evaluation, such as: Complement Fixation Test 
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(CFT), Indirect Hemagglutination Test (IHT), Latex Agglutination Test 

(LAT), Fluorescent Antibody Test (FAT), Immunoelectrophorsis Test 

(IET), Enzyme Linked Immunosorbent Assay (ELISA) (McManus et 

al., 2003). 

These tests are vary in their sensitivity and quality depending on the 

nature, purity and quality of the antigen used, the type of specific 

immunoglobulin and the sensitivity of the technique itself (Zhang et al., 

2003). 

5. Another tests: such as: Casoni test and Human Basophilic 

Degranulation Test (HBDT 
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3 – 1: The Materials 

3 – 1 – 1: Apparatus and equipment: 

The apparatus and equipment used in current study mentioned in 

table (3 – 1) and table (3 – 2) 

Table (3 – 1) Apparatus, manufacturing company and countries of origin used in 

the current study 

 Apparatus 
Manufacture/ 

Country of origin 

1 Autoclave Prestige medical/ England 

2 Centrifuge PLC Series/ Taiwan 

3 Compact Microscope Olympus/ Japan 

4 Electrophoresis apparatus Bioneer/ Korea 

5 Freezer Climas/ Spain 

6 High Speed Cold centrifuge Eppendorf /Germany 

7 Hot plate Newal/ China 

8 Microscope with camera Olympus/ Japan 

9 Nano-Drop™ Spectrophotometers THERMO/ USA 

10 Refrigerator Concord /Lebanon 

11 Sensitive balance Sartorius/Germany 

12 Sterile Cabinet (Hood) Lab-Tech/ Korea 

13 Thermal-cycler PCR BioRad /USA 

14 UPS Mercury/China 

15 UV scanner SPEKOL 1300/ Germany 

16 UV Transilluminator  ATTA/ Korea 

17 Vortex CYAN/ Belgium 

18 Water bath Plymouth/USA 
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Table (3 – 2): Equipment, manufacturing company and countries of origin used in 

the current study 

 Equipment and its volume Country 

1 Anatomy kit China 

2 Conical flask (250ml, 500ml, 1000ml) USA 

3 Cover slips Germany 

4 Cylinder (100ml, 250ml, 500ml, 1000ml) Germany 

5 Microcentrifuge tubes (Eppendorf) (1.5ml, 2ml) Korea 

6 Flask (50ml, 100ml, 500ml, 1000ml) USA 

7 Glass slides Germany 

8 Micropipette Tips (100µL, 1000µL) Korea 

9 Micropipettes (1-10µL, 10-100µL, 100-1000µL) Belgium 

10 Ocular micrometer Germany 

11 Petri dishes Korea 

12 Plastic containers (100ml, 120ml, 160ml) China 

13 Safety glasses  China 

14 Sterile gloves China 

15 Syringe (5ml, 10ml, 20ml, 50ml) Germany 

16 Test tube (5ml, 10ml, 15ml) China 

17 Tissue paper Iraq 

 

3 – 1 – 2: Kits: 

The kits used in the current study mentioned in table (3 – 3) 

Table (3 – 3): Kits, manufacturing company and countries of origin that used in 

current study 

 Kit Manufacturing company Country 

1 AccuPower® PCR PreMix Bioneer corporation Korea 

2 gSYNC™ DNA Extraction Kit Geneaid biotech Ltd. Taiwan 
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3 – 1 – 3: Chemicals materials: 

The chemicals used in the current study mentioned in table (3 – 4) 

Table (3 – 4): Chemicals materials, manufacturing company and countries of 

origin used in current study 

 Chemical material Company and origin 

1 Absolute ethanol, 70% Scharlau (Spain) 

2 Agarose INTRON (Korea) 

3 Distil water Advanced research lab 

4 DNA marker ladder INTRON (Korea) 

5 Eosin red dye Scharlau (Spain) 

6 Ethidium Bromide solution BioBasic (Canada) 

7 Formalin solution 10%  Scharlau (Spain) 

8 Methylene blue dye Scharlau (Spain) 

9 Normal saline 0.9% NaCl B-BRAUN(Germany) 

10 Nuclease free water Bioneer (Korea) 

11 TBE buffer 10X solution INTRON (Korea) 

12 Xylene Scharlau (Spain) 

 

3 – 1 – 4: Primers:  

For mitochondrial gene Cox1, PCR amplification we used the 

following primers in table (Table 3 – 5) (Bowles et al., 1992).  

Table (3 – 5): Mitochondrial gene primers used in current study 

Gene Primer Sequence (5' – 3') 
Fragment 

bp 

Cox1 
JB3 (F) ′5 TTT TTT GGG CAT CCT GAG GTT TAT 3′ 

440 bp 
JB4.5 (R) ′5 TAA AGA AAG AAC ATA ATG AAA ATG 3′ 
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3 – 2: Methods 

3 – 2 – 1: Study design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (3 – 1): Planner for the main action steps in the current 

study 
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3 – 2 – 2: Study area 

 The study area included Al-Nasiriyah city, Thi-Qar province 

(Latitude: 31° 03' 28.76"N, Longitude: 46° 15' 26.14" E), south of Iraq, 

belonging to the Republic of Iraq, Western Asia (Latitude: 33° 13' 15.34" 

N, Longitude: 43° 41' 5.13" E), (website: Latitude.to v1.58, 2021). (Fig. 3 – 

2) 

 

 

 

 

 

 

 

 

 

 

Fig (3 – 2): The study area on map (website: Latitude.to v1.58, 2021) 

3 – 2 – 3: Sample collection  

Samples were collected for the period from mid-September 2020 

until end of March 2021 at a rate of three days a week, where the collection 

areas of human samples were distributed between government and civil 

hospitals in Al-Nasiriyah city, Thi-Qar province.  

The samples collection from the intermediate host (livestock) was 

from the massacres of Al-Nasiriyah districts, the butchers in the meat 

selling markets and the butchers in the livestock selling markets. 

(Appendix-1) 
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Pic. (3 – 1): Animals slaughtered by butchers. 

(1,2: Massacre of Al-Nasiriyah districts. 3,4: Livestock selling market)   

1 

4 3 

2 
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While the samples collected from final host (stray dog's feces) were 

collected from feces of dogs that live and roam near the massacres of Al-

Nasiriyah districts and near the butchers working in the local market for 

selling sheep and goats in the north of Al-Nasiriyah city, Thi-Qar province 

for extraction of eggs. (Appendix -4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pic. (3-2): Stray dogs in the area of feces samples collecting  
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3 – 2 – 3 – 1: Human samples 

The hydatid cysts samples were collected from infected humans that 

undergo to surgical operation in Al-Amal General Investment Hospital, Al-

Nasiriyah city, Thi-Qar province. 

3 – 2 – 3 – 2: Domestic animal samples 

Hydatid cysts samples were collected from Domestic infected 

animals (Caw, Sheep, Buffalo and Camel) from Al- Nasiriyah 

slaughterhouse and a local market for selling sheep and gouts, the butchers 

in the meat selling markets and the butchers in the livestock selling markets 

in the north of Al-Nasiriyah city, Thi-Qar province. 

3 – 2 – 3 – 3: Stray dog's feces samples 

E. granulosus eggs were collected from stray dog's feces that live 

and roam near the butchers working in the local market for selling sheep 

and goats in the north of Al-Nasiriyah city, Thi-Qar province. (Fig. 3) 

 

 

 

 

 

 

 

 

 Pic. (3-3): Taeniidae egg isolated from stray dog feces (a:10X) 
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3 – 3: Morphological study 

3 – 3 – 1: The microscopic examination 

3 – 3 – 1 – 1: Preparation of hydatid cyst samples for morphological 

study 

The hydatid cysts collected from different sources in the previous 

step (3 – 2 – 3) were examined microscopically as the following steps 

according to Lett (2013):  

1. Hydatid cyst samples were placed in sealed polyethylene bags and 

transported in an ice box to the laboratory. 

2. Samples were washed under running water for getting rid of blood 

and substances stuck in them during slaughter and surgery and left to 

dry for (2-3) minutes. 

3. Sample surfaces were sterilized with 70% ethanol and the process 

was repeated three times and then left to dry at room temperature. 

4. The hydatid fluid was drawn from the samples using sterile 20ml 

syringes with needle size 21GX until a large portion of the liquid 

was emptied and placed in 120ml containers. 

5. The hydatid cyst was opened with sterile forceps and sterile scissors 

to completely empty the cyst from its content, and the remaining 

hydatid fluid was also absorbed with a sterile medical syringe. 

6. Germinal layer was extracted from the hydatid cyst with sterile 

scissors and placed with the contents of the hydatid liquid into the 

container. 

7. Taking 10ml from the hydatid fluid and centrifuge at 3000 rpm for 

15 minutes to precipitate the protoscolices and repeat the 

centrifugation three times. 
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8. Make a swab from the precipitate separated on a glass slide and mix 

with 10μl of once with the Eosin dye and again with Methylene blue 

dye, then put a cover slips over it, and exam it under microscopic 

power (4X, 10X, 40X and 100X) to get the appropriate photography 

using of high quality Huawei mobile phone camera, with holder 

suitable for it. 

9. All samples were stored with 70 % ethanol at -20 ° C for later DNA 

extraction. 

 

 

 

 

 

Pic. (3-4): Hydatid cysts in different organs. A: Heart,    B: Liver,   C: Spleen,   

D: Lung. 

A B 

C D 
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3 – 3 – 1 – 2: The microscopic calibration 

A glass disc with a series of regularly spaced lines has been engraved 

on an ocular micrometer (Pic. 3 – 5).  The ocular micrometer is inserted 

into one of the microscope's eyepieces, but the distance between the etched 

lines is determined by the objective lens used to examine the specimen.  An 

ocular micrometer must be calibrated with a stage micrometer in order to 

establish the precise distance between the lines. On a stage micrometer, the 

engraved lines are 0.01 mm (or 10 μm) apart. 

Procedure (Heidcamp, 2013) 

1. In one of the microscope's eyepieces was inserted the ocular micrometer. 

2. On the microscope's stage, place the stage micrometer. 

3. One of the microscope eyepieces should be rotated until the ocular 

micrometer lines are parallel to the stage micrometer lines. 

4. By shifting the stage micrometer such that the ocular micrometer's 

graduations are overlaid over the stage micrometer's, you may match 

the lines on the left margins of the two micrometers (the zero line of the 

ocular micrometer scale is exactly superimposed up on the zero line of 

the stage micrometer scale). 

5. Calculate how many ocular micrometer spaces are contained inside a 

given number of stage micrometer spaces. 

6. Use the formula to get the distance between each ocular graduation: 

One micrometer of ocular space (μm) = 
( )                                     ( )                                      

7. Rep for the 10X, 40X, and 100X oil Immersion targets, and keep track 

of the results. 

 

 

A 

B C D 
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Table (3 – 6): Microscope calibration of the ocular sections 

Microscope Micrometers 

At 4X magnification, the value for each ocular unit is 25 μm 

At 10X magnification, the value for each ocular unit is 10 μm 

At 40X magnification, the value for each ocular unit is 2.5 μm 

At 100X magnification (oil Immersion), the value for 
each ocular unit is 

1 μm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pic. (3-5): Germinal layer isolated from hydatid cyst of sheep liver. 
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3 – 3 – 2: Morphometric methods 

In the current morphological study, both Eosin dye and Methylene 

blue dye were used to stain the protoscolices samples for the purpose of 

completing the formal measurements of the examined samples. The 

measurements both of the large and small hooks have been relied on for the 

purpose of completing the comparative study for the different strains that 

infect different animals and humans. 

The morphological parameters of large and small rostellar hooks 

were the same. Total hook length (THL), total hook width (THW), and 

handle length (HL) were used as parameters for each hook, based on 

various references. (Hobbs et al., 1990; Karimi and Dianatpour, 2008; 

Elmajdoub et al., 2014). 
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Pic. (3-6): Daughter cysts: (A) Inside the hydatid cyst, (B): Isolated from 

hydatid cyst of camel liver 

A 

B 
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Pic. (3-7): Protoscolices from hydatid fluid isolated from hydatid cyst of sheep 

liver under microscope (A: 10X; B: 40X) 

A 

B 
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3 – 3 – 3: Molecular study: 

3 – 3 – 3 – 1: Genotyping 

Genotyping of partial mitochondrial cytochrome C oxidase subunit1 

includes mitochondrial gene sequencing (Cox1). (Bowles et al., 1992; 

Bowles and McManus, 1993). 

3 – 3 – 3 – 2: Preparation of hydatid cyst contents (Protoscolices and 

germinal layer) for DNA extraction 

The stored samples were centrifuged to get rid of the alcohol 

solution, and then washed with sterile distilled water, mixed by vortex 

thoroughly for one minute, then centrifuged at 14,000 rpm for three minute 

that repeated three times to remove the ethanol from the sample according 

to DNA extraction kit instructions. 

3 – 3 – 3 – 3: Genomic DNA extraction 

The hydatid cyst sample was prepared for DNA extraction by 

following the instructions in the protocol of DNA extraction kit (gSYNCTM 

DNA Extraction Kit, Geneaid, Korea). 

3 – 3 – 3 – 3 – 1: DNA extraction protocol 

A.  Sample Dissociation 

1. Transferred up to 25 mg of E. granulosus tissue and/or protoscolices to 

1.5ml micro-centrifuge tube (Eppendorf). Vortex well after adding 

200μl of GST Buffer and 20μl of Proteinase K. The sample lysate was 

incubated at 60°C overnight or until it became clear. 

2. During incubation, transfer the necessary volume of Elution Buffer 

(100 μl/sample) to a 1.5 ml micro-centrifuge tube and heat to 60°C (for 

DNA Elution Step (D)). 
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B. Cell Lysis 

1. If any insoluble material remains after incubation, centrifuge at 

14000rpm for 2 minutes, and then carefully transfer the supernatant to a 

fresh 1.5ml micro-centrifuge tube. 

2. 200μl GSB Buffer was added and violently shacked for 10 seconds. To 

get a homogenous solution, the sample and GSB Buffer must be well 

combined. 

C.  DNA Binding 

1. 200μl 100% of absolute ethanol was added to the sample lysate, and it 

was forcefully stirred for 10 seconds.  

2. In a 2 ml collection tube, I placed a GS Column. Transferred the entire 

mixture to the GS Column (including any insoluble precipitate). 

3. Centrifuged in 14000 rpm for 1 min or until mixture passes completely. 

4. The flow-through 2ml collection tube was discarded, and the GS 

column was moved to a fresh 2ml collection tube. 

D.  Washing 

1. Added 400μl of W1 Buffer to the GS column and centrifuged at 14,000 

rpm for 30 seconds, and then discarded the flow-through, placed the GS 

Column back in the 2 ml collection tube. 

2. Added 600μl of Wash Buffer to the GS column and centrifuged at 

14,000rpm for 30 seconds then discarded the flow-through. 

3. Placed the GS Column back in the 2 ml collection tube. Centrifuged 

again for 3minutes at 14,000 rpm to dry the column matrix. 

E. DNA Elution 

1. Transferred the dried GS column to a clean 1.5ml micro-centrifuge 

tube. 
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2. 100μl of pre-heated elution buffer was poured into the middle of the 

column matrix and left for at least 3 minutes to allow the elution buffer 

to absorb fully. 

3. Centrifuged at 14000rpm for 30 seconds to elute purified DNA. 

3 – 3 – 3 – 3 – 2: Genomic DNA estimation 

The DNA extracted from the samples (tissues and protoscolices) 

have been examined by measuring the DNA concentration by using the 

Nano-Drop spectrophotometer, as well as its purity by absorption reading 

(260/280nm), which was achieved by carrying out the following steps 

(Appendix-2):  

1. Run the Nano-Drop spectrophotometer device and choose the 

appropriate application (Nucleic acid, DNA). 

2. Raise the sampling arm and, using a dry, lint-free laboratory wipe, wipe 

the sample off both the top and lower pedestals. 

3. Blanking the device by using nuclease free water, 1–2μl of sample 

pipette straight onto the measuring pedestal. 

4. Adjust the sampling arm's height and begin a spectral measurement by 

pressing on (read) button. The results were recorded as shown in 

Appendix (2). 

5. Raise the sampling arm and wipe the sample off both the upper and 

lower pedestals with a dry, lint-free laboratory wipe once the 

measurement is complete. 

3 – 3 – 4: Polymerase chain reaction (PCR) 

Polymerase chain reaction (PCR) of the purified DNA samples was 

performed using a master mix PreMix PCR kit component shown in Table 

(3 –8), then the DNA of E. granulosus was dissolved and the cumulative 
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volume sufficient for the amplification mix was prepared (Table 3 – 8), and 

then the tubes was closed and mixed well by vortex. 

Table (3 – 7): Components of master mix (Premix) 

Components For 20µl reaction volume 

Top DNA polymerase 1 U 
dNTPs (dATP, dTTP, dGTP, dCTP) Each 250 µM 

Reaction buffer with 1.5 mM MgCl2 1X 
Stabilizer and tracking dye O 

 

Table (3 – 8): Mixture of PCR amplification for 25µl reaction volume 

Components Volumes 

PCR Premix Vacuum dried pellet 
Template DNA 5 µl 
Foreword primer 2 µl 
Reverse primer 2 µl 
Nuclease free water 16 µl 

Total volume 25 µl 

 

3 – 3 – 4 – 1: PCR amplification cycles 

PCR thermo-cycler program was designed up to manufacturer 

protocol: 

1. Added template DNA and primers into AccuPower PCR PreMix tubes. 

2. Added distilled water into tubes to total volume of 25µl. 

3. Reaction mix as in (Table 3 – 9). 

4. Flick the vacuum-dried blue pellet with finger or pipette to dissolve it, 

and then spin it down momentarily. 

5. Under the given conditions, carry out the reaction (Table 3-9) 

6. Carry on the interaction at 4º C after cycle complete. 

7. Electrophoresis is performed after loading materials on an agarose gel 

without using a loading-dye combination.  



Chapter Three                                                        The materials and Methods 

 

53 

Table (3 – 9): PCR reaction conditions for Cox1 gene 

Step Temperature Time Cycles 

Pre-Denaturation 95º C 5 minutes 1 Cycle 

Denaturation 95º C 30 seconds 

30 Cycles Annealing 50º C 45 seconds 

Extension 72º C 30 seconds 

Final extension 72º C 5 minutes 1 Cycle 

Hold 4º C Forever - 

 

3 – 3 – 4 – 2: Preparation of Agarose gel and electrophoresis tray for 

PCR products (Bowles et al., 1992): 

1. 1.5g of agarose powder was melted to make an agarose gel in 100ml 

1X TBE buffer (TBE Buffer (1X): 108g Tris, 55g Boric acid, 40ml 

0.5M EDTA, 2L H2O) at 100°C until solution is completely clear. 

2. After cooling the agarose solution to about 50°C, added carefully of 3μl 

Ethidium Bromide and mixed gently, then poured carefully to avoid the 

formation of bubbles into electrophoresis tray sealed by its chamber, 

the comb was placed and left to harden at room temperature. 

3. Carefully removed the comb and add 8 µL of PCR products into the 

holes in the gel, with 5 µl added from ladder marker in the first hole. 

4. The tray with the agarose gel was placed in the electrophoresis device; 

and the gel was covered with (1X) TBE buffer. 

5. Connect the electrophoresis cell with power supply and run at 65mV 

for 75min. 

6. Switched off the power supply after the time is up, and transfer the gel 

for checking under UV illumination. 

7. Switched on the imaging system (E-Box UV Filter system) and the 

results were pictured. 
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3 – 3 – 4 – 3: Sequencing mitochondrial cytochrome C oxidase 

subunit1 (Cox1) and mitochondrial gene sequence data analysis: 

Multiplier samples resulting from polymerase chain reaction carried 

through electrophoresis and confirmed as belonging to the genus 

Echinococcus were analyzed for sequence variation within a region of the 

mitochondrial cytochrome c oxidase subunit 1 gene, On an Ethidium 

bromide stained agarose gel, a double-stranded PCR product with a size of 

440bp was detected (Bowles et al., 1992). 

3 – 3 – 4 – 3 – 1: Sequencing 

For verification of the PCR results the sequence of a part of the 

mitochondrial Cox1 Nucleotide sequence analysis was made using the 

National Centre for Biotechnology Information programs and Databases, 

among the E. granulosus isolates studied, 10 different partial Cox1 

sequences. 

3 – 3 – 4 – 3 – 2: Phylogenetic tree 

The software MEGA version.11 program was used to draw the 

phylogenetic tree of the strains belonging to the genus E. granulosus 

strains. 

3 – 3 – 5: Statistical Analysis 

The data were analyzed by Statistical package of the social sciences 

software program (SPSS) version 23 by using the Chi-squire, T-test and 

ANOVA (L.S.D. test) to analyses the data (Landau and Everitt, 2004). The 

difference was considered to be significant at p<0.01, the data are presented 

as mean ± Std. Deviation (Giolo-Ruiz, 2004). 



Chapter Four 

The Results 

And Discussions 
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4 – 1: The epidemiological study 

The current study included examination of 910 animal and human 

cases, and found 42 confirmed cases of hydatid cysts, which were 

distributed as follows (11 Cows, 3 Buffalo, 6 Camels, 16 Sheep and 6 

Human cases) as shown in table (4 – 1). 

Also, 89 samples were collected from stray dog's feces, and after the 

completion of the microscopic examination, 12 samples confirmed to 

contain eggs of the parasite (Appendix 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pic. (4 – 1): Taeniidae egg isolated from stray dog feces (40X power) 
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4 – 1 – 1: Microscopic examination and infection rate of hosts with the 

hydatid cysts: 

Table (4 – 1) shows that the infection rates of hydatid cysts in cow, 

buffalo, camel, sheep, goats and human were found to be 3.5% (11/312), 

4.5% (3/66), 16.7% (6/36), 4.6% (16/346), 0.0% (0/144) and 100% (6/6), 

respectively. While the infection of stray dogs were confirmed to be 

infected by microscopic examination in the presence of the parasite eggs in 

their feces, at a rate of 13.48% (12/89).  

The different infection rates where the highest infection in camels 

was 16.7% and the lowest infection was in cows 3.5%. There is high 

significant difference in the infection among different animals at 

probability level ≤ 0.01 (Cal. X2: 143.68 of Tab.X2: 15.09) as shown in the 

table (4 – 1). 

Table (4 – 1): Infection rate by hydatid cysts in the infected hosts according to the 

microscopic examination 

Animal 
Case 

Total 
Infected Non infected 

Cows 
Count 11 301 312 

% within Animal 3.5% 96.5% 100.0% 

Buffalos 
Count 3 63 66 

% within Animal 4.5% 95.5% 100.0% 

Camels 
Count 6 30 36 

% within Animal 16.7% 83.3% 100.0% 

Sheep 
Count 16 330 346 

% within Animal 4.6% 95.4% 100.0% 

Goats 
Count 0 144 144 

% within Animal 0.0% 100.0% 100.0% 

Human 
Count 6 0 6 

% within Animal 100.0% 0.0% 100.0% 

Total 
Count 42 868 910 

% of Total 4.6% 95.4% 100.0% 

Cal.X
2
: 143.68   

 
            Tab.X

2
: 15.09   

 
            df: 5   

 
            P_value: 0.01 
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The results of the current study showed that the rate of infection in 

cows are (3.5%), buffalo are (4.5%), camels are (16.7%) and sheep are 

(4.6%), and no infection rate was recorded in goats. It's in agreement with 

the results of Kadir et al. (2012) where no infection with hydatid cysts was 

recorded in goats. And it's consistent with the results of Al-Quzweeni 

(2019), which indicated that the infection rate of E. granulosus in sheep, 

buffalo, camel, cow, goats and human are 2.16%, 2.20%, 0.00%, 3.05%, 

0.00% and 1.70% respectively. 

The results of the current study were close to the results of the study 

of Khalil (2010) in Najaf Governorate, where infection rates were recorded 

in sheep (4.18%), cows (4.4%) and buffaloes (3.6%). 

Its differ from the results of the study of Al-Ghizi (2008) in Thi-Qar 

Governorate, where infection rates were recorded in cows (20.67%), sheep 

(15.15%), camels (10%), goats (8.33%) and buffaloes (7.96%). 

It also differs from the study of Hassan (2013) in the province of 

Babylon, as the results of his study showed that the highest infection was in 

buffalo (7.96%), then goats (3.25%), and then sheep (1.68%), then cows 

(1.25%). The current study did not agree with the results of the study of 

Jarjees and Al-Bakri (2012) in Mosul, the rate of infection in sheep, goats 

and cows was 2%, 0.52% and 0.55%, respectively. 

The current study included knowing the rate of infection in the 

studied animals, as it recorded the infection rate in camels and the lowest 

infection rate in cows, this may be due to the nature of the place and the 

type of animal nutrition, as the animals are often scattered in the pastures 

close to the final hosts, which facilitates infection, as camels are located in 

desert environments, which facilitates the infection from the grasses in the 

grazing areas. 
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4 – 1 – 2: Infection rate of hydatid cysts according to gender of infected 

animals 

The table (4 – 2) shows that the infection rate of male in cow, 

buffalo, camel, sheep and human was 29.4%, 17.6%, 11.8%, 23.5% and 

17.6% respectively, while in female was 24%, 0.0%, 16%, 48% and 12% 

respectively. 

The results shows that there were no significant differences in the 

study totals according to the results shown in the variability of the infection 

in the study animals between males and females at probability level ≤ 0.01 

(Cal.X2: 6.46 to Tab.X2: 13.28) as shown in the table (4 – 2). 

Table (4 – 2): Infection rate by hydatid cysts in the infected hosts according to the 

gender of infected animals 

Animal 
Gender 

Total 
Male Female 

Cows 
Count 5 6 11 

% within Gender 29.4% 24.0% 26.2% 

Buffalos 
Count 3 0 3 

% within Gender 17.6% 0.0% 7.1% 

Camels 
Count 2 4 6 

% within Gender 11.8% 16.0% 14.3% 

Sheep 
Count 4 12 16 

% within Gender 23.5% 48.0% 38.1% 

Human 
Count 3 3 6 

% within Gender 17.6% 12.0% 14.3% 

Total 

Count 17 25 42 

% within Gender 100.0% 100.0% 100.0% 

% of Total 40.5% 59.5% 100.0% 

Cal.X
2
: 6.46   

 
            Tab.X

2
: 13.28   

 
            df: 4   

 
            P_ value: 0.01 
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The current study showed a high infection among males in both 

cows and buffaloes, and a low infection in males in both camels and sheep. 

The reason for this may be attributed to the type of nutrition and the 

different sources of nutrition, as most of the animals are grazing in external 

fields and pastures, and males are slaughtered at early ages to benefit from 

their meat, which reduces the rate of infection with the disease, unlike 

females who are slaughtered at later ages for the purpose of benefiting from 

them in the births. This is roughly consistent with the study of Lahmar et al 

(2012) who studied the cystic echinococcosis in slaughtered domestic 

ruminnats from Tunisia, which showed that females are more affected by 

infection because they live longer than males, which makes them more 

susceptible to infection. 

The results of the current study agree with the results of the Al-Ghizi 

study (2008), which shows that the infection rate of female sheep was 

19.35% and males 11.43%, and in agreement with the current results in the 

infection rates among female camels are 15.79% higher than the infection 

rate of male camels (6.45%) in Thi-Qar Governorate. It differs from the 

current results that the infection rate of male cows is 15.79% less than that 

of female cows, 29.10%. 

The current study disagree with the study of Al-Mayali (1997), 

which recorded a 69.3% infection rate in male buffaloes, higher than in 

females 30.7% in Al-Qadisiyah Governorate. 
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4 – 1 – 3: Infection rate of hydatid cysts according to infected organ of 

animals: 

Table (4 – 3) shows results in the variability of the infection in the 

studied animals between infected organs at probability level ≤ 0.01, and 

there were significant differences in the study totals according to the results 

(Cal.X2: 48.30 to Tab.X2: 27.69), where the percentage of infection in the 

lung increased by 42.9% and in the liver 20.7% in cows, while the 

percentage of infection in the spleen was 100% and in the liver 3.4% in 

buffalo, while the percentage of infection was In the lung 23.8% and in the 

liver 3.4% in camels, while the percentage of liver infection was 51% and 

in the lung 33.3% in sheep. 

Table (4 – 3): Infection rate of hydatid cysts in the infected hosts according to the 

infected organ of animals 

Animal 
Organ 

Total 
Liver Lung Spleen Heart 

Cows 
Count 6 9 0 0 15 

% within Organ 20.7% 42.9% 0.0% 0.0% 28.3% 

Buffalos 
Count 1 0 2 0 3 

% within Organ 3.4% 0.0% 100.0% 0.0% 5.7% 

Camels 
Count 1 5 0 0 6 

% within Organ 3.4% 23.8% 0.0% 0.0% 11.3% 

Sheep 
Count 15 7 0 1 23 

% within Organ 51.7% 33.3% 0.0% 100.0% 43.4% 

Human 
Count 6 0 0 0 6 

% within Organ 20.7% 0.0% 0.0% 0.0% 11.3% 

Total 

Count 29 21 2 1 53 

% within Organ 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 54.7% 39.6% 3.8% 1.9% 100.0% 

Cal.X
2
: 48.30   

 
            Tab.X

2
: 27.69   

 
            df: 12   

 
            P_ value: 0.01  
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The current study recorded an infection in the spleen in buffaloes, 

which may be due to the entry of the embryo of Echinococcus granulosus 

into the systemic circulation and its transfer with the blood to the spleen. 

The cause of the liver and lung affected by hydatid cyst disease may 

be due to the fact that each of the two organs represents the first sites for 

the stability of the Echinococcus granulosus embryo through the hepatic 

portal vein for the liver and the systemic circulation for the lungs, this 

agree with Kebede et. al. (2009), that reveled the cause of infection of the 

liver and lungs with hydatid cysts is due to the fact that the liver and lungs 

contain the first sites of the large capillaries facing the migration of the 

embryo of Echinococcus granulosus, which takes the hepatic portal vein, 

that is, the presence of the hepatic and pulmonary filtration systems before 

any other organ of the body. 

The results of the current study agree with the results of the study of 

Khalil and Hatem (2013), where the rate of liver infection was 8.32% and 

lung infection was 7.52% in sheep, and differed from it in the rate of liver 

infection of 8.35% and lung infection of 7.65% in cattle in Najaf 

Governorate. 

The results of the current study agree with the results of Jarjees and 

Al-Bakri (2012), where the incidence of lung infection was higher than that 

of liver infection in cows, it also agrees with the study of Al-Monis (1998), 

where the rate of lung infection was higher than that of liver infection in 

buffaloes, it also agrees with the study of Ansari-Lari (2005), which 

recorded a higher incidence of lung infection than liver infection in cows. 
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Pic. (4 – 2): Brood capsule of hydatid cyst under microscope (10X) 
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4 – 2: The phenotypic study of E. granulosus parasite in 

human and some livestock: 

The measures of some parameters of large and small hooks that 

taken from protoscolices of the Echinococcus granulosus parasite of 

different organs from human and different animals were adopted, such as 

total hook length (THL), total hook width (THW) and handle length (HL) 

were adopted and parameters were used for each hook. 

 

 

 

 

 

 

 

 

 

Pic. (4 – 3): Large and small hooks isolated from protoscolices of E. granulosus 

parasite in liver of sheep. (100X oil emersion microscope power) 

 

 

 

 

 

 

 

 

 

 

 

Pic (4 – 4): Large and small hooks under ocular micrometer shows the 

measurements depended in the study (40X) 
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Pic. (4 – 5): Large hook parameters: 

Red line: Total hook length (THL) 

Blue line: Total hook width (THW) 

Yellow line: handle length (HL) 

Pic. (4 – 6): Small hook parameters: 

Red line: Total hook length (THL) 

Blue line: Total hook width (THW) 

Yellow line: handle length (HL) 
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4 – 2 – 1: The comparative morphological study of E. granulosus large 

and small hooks according to host species: 

The equations of least significant difference (L.S.D.) were used for 

the purpose of analyzing statistical data on the three measurements (THL, 

THW and HL) of large and small hooks in certain organ for different 

animals 

4 – 2 – 1 – 1: Lung large hooks 

Table (4 – 4) showed that the mean of (THL) of E. granulosus lung 

large hooks was 22.58 μm, 23.59 μm, 22.05 μm and 24.58 μm in buffalo, 

camel, cow and sheep respectively. The highest mean of THL was in the 

sheep, while the shortest was in the cow. 

The mean of (THW) was 9.03 μm, 8.85 μm, 9.04 μm and 9.02 μm in 

buffalo, camel, cow and sheep respectively. The highest mean of THW was 

in cow, while the shortest was in camel. 

The mean of (HL) was 11.04 μm, 12.85 μm, 11.04 μm and 12.21 μm 

in buffalo, camel, cow and sheep respectively. The highest mean of HL was 

in camel, while the shortest was in buffalo and cow. 

The results show that the data are homogeneous (convergent) with 

significant differences in the total length of the large hooks as well as in the 

handle of the large hooks in the lungs of different animals, while there are 

no significant differences in the width of the large hooks. 
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Table (4 – 4): Measurements of lung large hooks of different animals 

Lung large hooks N Mean Std. Deviation L.S.D 

Length 

(THL) 

Buffalo 100 22.58c 1.73 

0.36 
Camel 100 23.59b 1.17 

Cow 100 22.05d 1.45 

Sheep 100 24.58a 1.78 

Width 

(THW) 

Buffalo 100 9.03ab 0.82 

0.19 
Camel 100 8.85b 0.85 

Cow 100 9.04a 0.89 

Sheep 100 9.02ab 0.85 

Handle 

(HL) 

Buffalo 100 11.04c 0.81 

0.24 
Camel 100 12.85a 0.85 

Cow 100 11.04c 0.89 

Sheep 100 12.21b 1.53 
o The mean difference is significant at the 0.05 level. 

o Results represent mean ± Standard deviation (S.D)      

o Means having different letters in the same column differed significantly (P≤0.05). 
o (L.S.D) least significant difference.  

 

4 – 2 – 1 – 2: Lung small hooks 

Table (4 – 5) shows that the mean of (THL) of E. granulosus lung 

small hooks was 20.53 μm, 20.02 μm, 19.58 μm and 20.09 μm in buffalo, 

camel, cow and sheep respectively. The highest mean of THL was in 

buffalo, while the shortest was in cow. 

The mean of (THW) was 7.50 μm, 7.60 μm, 8.04 μm and 7.65 μm in 

buffalo, camel, cow and sheep respectively. The highest mean of THW was 

in cow, while the shortest was in buffalo. 

The mean of (HL) was 9.03 μm, 11.0 μm, 11.04 μm and 11.23 μm in 

buffalo, camel, cow and sheep respectively. The highest mean of HL was in 

sheep, while the shortest was in buffalo. 
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The results show that the data are homogeneous (convergent) with 

significant differences in the total lengths between buffalo and sheep as 

well as between camel and cow with no significant differences between 

sheep and camel. There is a significant difference in width between cow 

and sheep without any significant differences in width with the others. 

While in handle length there are significant differences between sheep and 

cow as well as between camel and buffalo. 

Table (4 – 5): Measurements of lung small hooks of different animals 

Lung small hooks N Mean Std. Deviation L.S.D 

Length 

(THL) 

Buffalo 100 20.53a 1.69 

0.36 
Camel 100 20.02c 1.44 

Cow 100 19.58d 1.73 

Sheep 100 20.09b 1.39 

Width 

(THW) 

Buffalo 100 7.50c 0.50 

0.13 
Camel 100 7.60bc 0.49 

Cow 100 8.04a 0.82 

Sheep 100 7.65b 0.47 

Handle 

(HL) 

Buffalo 100 9.03c 0.80 

0.19 
Camel 100 11.0b 0.89 

Cow 100 11.04b 0.82 

Sheep 100 11.23a 0.73 
o The mean difference is significant at the 0.05 level. 

o Results represent mean ± Standard deviation (S.D)      

o Means having different letters in the same column differed significantly (P≤0.05). 
o (L.S.D) least significant difference.  

 

 

4 – 2 – 1 – 3: Liver large hooks 

Table (4 – 6) show that the mean of (THL) of E. granulosus liver 

large hooks was 20.02 μm, 21.14 μm, 22.57 μm and 23.80 μm in human, 

camel, cow and sheep respectively. The highest mean of THL was in the 

sheep, while the shortest was in the human. 
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The mean of (THW) was 7.60 μm, 7.60 μm, 10.22 μm and 8.86 μm 

in human, camel, cow and sheep respectively. The highest mean of THW 

was in cow, while the shortest was in human and camel. 

The mean of (HL) was 11.0 μm, 11.04 μm, 11.02 μm and 11.0 μm in 

human, camel, cow and sheep respectively. The highest mean of HL was in 

camel, while the shortest was in human and sheep. 

The results show that the data are homogeneous (convergent) with 

high significant differences in the total lengths between all cases, while in 

the total width there is high significant differences between sheep and cow 

as well as between cow and camel without significant differences between 

camel and human. There is no significant difference in handle length 

between all cases. 

Table (4 – 6): Measurements of liver large hooks of different animals 

Liver large hooks N Mean Std. Deviation L.S.D 

Length 

(THL) 

Human 100 20.02d 1.44 

0.43 
Camel 100 21.14c 2.05 

Cow 100 22.57b 1.75 

Sheep 100 23.80a 2.08 

Width 

(THW) 

Human 100 7.60c 0.49 

0.16 
Camel 100 7.60c 0.49 

Cow 100 10.22a 1.49 

Sheep 100 8.86b 0.80 

Handle 

(HL) 

Human 100 11.0a 0.89 

0.18 
Camel 100 11.04a 0.76 

Cow 100 11.02a 0.84 

Sheep 100 11.0a 0.72 
o The mean difference is significant at the 0.05 level. 

o Results represent mean ± Standard deviation (S.D)      

o Means having different letters in the same column differed significantly (P≤0.05). 
o (L.S.D) least significant difference.  
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4 – 2 – 1 – 4: Liver small hooks 

Table (4 – 7) shows that the mean of (THL) of E. granulosus liver 

small hooks was 16.0 μm, 17.50 μm, 20.33 μm and 19.30 μm in human, 

camel, cow and sheep respectively. The highest mean of THL was in cow, 

while the shortest was in human. 

The mean of (THW) was 5.68 μm, 5.85 μm, 9.24 μm and 7.52 μm in 

human, camel, cow and sheep respectively. The highest mean of THW was 

in cow, while the shortest was in human. 

The mean of (HL) was 8.39 μm, 8.04 μm, 11.24 μm and 12.0 μm in human, 

camel, cow and sheep respectively. The highest mean of HL was in sheep, 

while the shortest was in camel. 

The results show that the data are homogeneous (convergent) with 

high significant differences in the total lengths between all cases, there is 

high significant differences in total width between cow and sheep as well 

as between sheep and camel without any significant differences between 

camel and human. While in the handle length there is high significant 

differences between all cases. 
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Table (4 – 7): Measurements of liver small hooks of different animals 

Liver small hooks N Mean Std. Deviation L.S.D 

Length 

(THL) 

Human 100 16.0d 0.80 

0.29 
Camel 100 17.50c 0.50 

Cow 100 20.33a 1.34 

Sheep 100 19.30b 1.92 

Width 

(THW) 

Human 100 5.68c 0.46 

0.20 
Camel 100 5.85c 0.91 

Cow 100 9.24a 0.86 

Sheep 100 7.52b 1.12 

Handle 

(HL) 

Human 100 8.39c 0.94 

0.27 
Camel 100 8.04d 1.19 

Cow 100 11.24b 0.86 

Sheep 100 12.0a 1.55 
o The mean difference is significant at the 0.05 level. 

o Results represent mean ± Standard deviation (S.D)      

o Means having different letters in the same column differed significantly (P≤0.05). 
o (L.S.D) least significant difference.  

 

4 – 2 – 2: The comparative morphological study of E. granulosus 

large and small hooks according to different organs in the same 

animal: 

Both equations of (T-test) and (L.S.D.) are adopted for analyzing 

statistical data on the different measurements of large and small hooks in 

different organs in the same animal. 

Table (4 – 8) shows that there is no significant difference in length of 

large hooks in lung and spleen, and there are significant difference in width 

and handle between lung and spleen of buffalo. But there are significant 

difference in length, width and handle in small hooks between lung and 

spleen. 
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Table (4 – 8): Measurements of large and small hooks in different organs of buffalo 

Buffalo N Mean Std. Deviation T-value P-value 

Large hooks 

length 

spleen 100 22.62 1.75 
0.17 0.86 

lung 100 22.58 1.73 

Large hooks 

width 

spleen 100 8.59 1.28 
2.86 0.005 

lung 100 9.03 0.82 

Large hooks 

handle 

spleen 100 12.42 1.51 
8.07 0.001 

lung 100 11.03 0.82 

Small hooks 

length 

spleen 100 19.54 1.12 
4.84 0.02 

lung 100 20.53 1.69 

Small hooks 

width 

spleen 100 6.77 0.84 
7.35 0.01 

lung 100 7.50 0.50 

Small hooks 

handle 

spleen 100 8.77 0.84 
2.16 0.03 

lung 100 9.03 0.80 

*P-value ≤ 0.05 consider significant. 
Table (4 – 9) shows that there are significant differences were found 

between the length, width and handle of large hooks in the liver and lung of 

camel, as well as in the small hooks there are significant differences were 

found in measurements of length, width and handle in liver and lung. 

Table (4 – 9): Measurements of large and small hooks in different organs of camel 

Camel N Mean Std. Deviation T-value P-value 

Large hooks 

length 

liver 100 21.11 2.05 
10.39 0.01 

lung 100 23.59 1.17 

Large hooks 

width 

liver 100 7.59 0.49 
12.68 0.01 

lung 100 8.85 0.85 

Large hooks 

handle 

liver 100 11.03 0.76 
15.75 0.02 

lung 100 12.85 0.85 

Small hooks 

length 

liver 100 17.50 0.50 
16.48 0.01 

lung 100 20.02 1.44 

Small hooks 

width 

liver 100 5.84 0.91 
16.78 0.03 

lung 100 7.60 0.49 

Small hooks 

handle 

liver 100 8.04 1.20 
19.60 0.03 

lung 100 11.0 0.89 

*P-value ≤ 0.05 consider significant. 
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The table (4 – 10) shows there is significant differences in the width 

of large hooks were found in both liver and lung of cow, while there was 

no significant difference in length and handle in large hooks in liver and 

lung. While in the case of small hooks, there are no significant differences 

in the handle of small hooks in liver and lung, while there is high 

significant differences in length and width in liver and lung of cow. 

Table (4 – 10): Measurements of large and small hooks in different organs of cow 

cow N Mean Std. Deviation T-value P-value 

Large hooks 

length 

liver 100 22.53 1.74 
2.10 0.36 

lung 100 22.05 1.45 

Large hooks 

width 

liver 100 10.18 1.48 
6.53 0.02 

lung 100 9.04 0.89 

Large hooks 

handle 

liver 100 11.0 0.83 
0.32 0.74 

lung 100 11.04 0.89 

Small hooks 

length 

liver 100 20.32 1.36 
3.37 0.01 

lung 100 19.58 1.73 

Small hooks 

width 

liver 100 9.23 0.87 
9.89 0.009 

lung 100 8.04 0.82 

Small hooks 

handle 

liver 100 11.23 0.87 
1.61 0.10 

lung 100 11.04 0.82 

*P-value ≤ 0.05 consider significant. 

Table (4 – 11) shows that the mean of (THL) of large hooks in the 

sheep was 24.58 μm, 23.80 μm and 22.05 μm in lung, liver and heart 

respectively, the (THW) was 9.02 μm, 8.86 μm and 8.23 μm in lung, liver 

and heart respectively, while the (HL) was 12.21 μm, 11.0 μm and 11.01 

μm in lung, liver and heart, respectively. 

The mean of (THL) of small hooks in the sheep was 20.09 μm, 19.31 

μm and 19.50 μm in the lung, liver and heart, respectively; the (THW) was 

7.65 μm, 7.53 μm and 6.52 μm in lung, liver and heart, respectively; while 

the (HL) was 11.23 μm, 12.01 μm and 11.01 μm in the lung, liver and 

heart, respectively. 
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That there are high significant differences between the measurements 

of the total length of the large hooks in the lung, liver and heart, but in the 

width of large hooks there are no significant differences between the lung 

and the liver but there are a significant differences between the liver and 

the heart, while there are a high significant differences in the handle length 

between lung and liver but not between lung and heart. 

In the case of small hooks, significant differences were found 

between the total length of the small hook the three organs of the sheep 

(lung, liver and heart), while there is no significant difference between the 

total width of the small hook between the lung and the liver but there is a 

significant difference between the liver and heart. As for the handle length, 

there are significant differences between the lung and the liver, but there is 

no significant difference between the liver and heart. 
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Table (4 – 11): Measurements of large and small hooks in different organs of sheep 

sheep N Mean Std. Deviation L.S.D 

Large hooks 

length 

lung 100 24.58a 1.78 

0.41 liver 100 23.80b 2.10 

heart 100 22.05c 1.43 

 

Large hooks 

width 

lung 100 9.02a 0.85 

0.22 liver 100 8.86b 0.80 

heart 100 8.23c 1.17 

Large hooks 

handle 

lung 100 12.21a 1.53 

0.25 liver 100 11.0b 0.73 

heart 100 11.01b 0.88 

Small hooks 

length 

lung 100 20.09a 1.39 
 

0.11 
liver 100 19.31c 1.92 

heart 100 19.50b 1.69 

Small hooks 

width 

lung 100 7.65a 0.47 
 

0.21 
liver 100 7.53a 1.12 

heart 100 6.52b 0.52 

Small hooks 

length 

lung 100 11.23b 0.73 
 

0.25 
liver 100 12.01a 1.55 

heart 100 11.01b 0.83 
o The mean difference is significant at the 0.05 level. 
o Results represent mean ± Standard deviation (S.D)      

o Means having different letters in the same column differed significantly (P≤0.05). 
o (L.S.D) least significant difference. 

 

 

The results of the current study do not agree with the results of 

Hansh (2016) in Thi-Qar, which showed that there were no significant 

differences in the measurements of the dimensions of large and small hooks 

of the hydatid cysts isolated from the liver and lungs in the intermediate 

hosts, which include the total length of the hook, the length of the blade 

and the width. 
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The results of the current study converge with the results of the study 

of Abdullah (1996) in Mosul, as it showed that the average total length of 

large and small hooks was 24.0 ± 1.1 and 19.8 ± 1.1 μm in sheep, and 24.4 

± 0.8 and 19.5 ± 1.3 μm in humans, while the results of the current study 

were not identical with his study in cows, as the average total length of 

large and small hooks was 30.1 ± 1.2 and 23.9 ± 1.5 µm. 

Karimi and Dianatpour (2008) in Iran clarified that the average total 

length of large and small hooks in sheep is 23.6 ± 0.8 and 19.1 ± 1.5 μm 

and this corresponds to the results of the current study, while their study 

differs from the results of the current study on the average length of large 

and small hooks in camels, which amounted to 27.5 ± 2.2 and 21.3 ± 

1.6µm, respectively. 

The results of the current study differ from the results of Yildiz and 

Gurcan (2009) study in Turkey, as the total length of the large hooks 

ranged between 9-15 µm in sheep and 11-14 µm in cows, while the total 

length of the small hooks ranged between 6-12µm in sheep and 7 -9µm in 

cows. 

The results of the current study were less than what Baldock et al. 

(1985) in Australia, where the average total length of large and small hooks 

in sheep was 25.1 ± 1.1 and 21.4 ± 1.5 µm, and in cows was 28.9 ± 1.2 and 

24.8 ± 1.3 µm, respectively. 

The results of the current study converge with the study of Hussein 

et al. (2005) in Pakistan, as it showed that there were no significant 

differences with regard to the total number, shape and arrangement of 

hooks and the total length of large and small hooks in isolated protoscolices 

of buffalo, cows, sheep, goats and camels. 
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Latif et al. (2009) results showed in Pakistan the total length of large 

hooks in cows, buffaloes, camels and humans was 26.55±1.24, 26.83±1, 

24.6±1.23 and 24.40±0.07 µm respectively, which differs from the results 

of the current study. 

The results of the present study agreed with Hama and Shareef 

(2016) study in Sulaimania city, that found non-significant variances in 

total length (TL) and handle length-1 (HL1) of rostellar large hooks 

between sheep and cattle, while, significant variance was recorded in blade 

length-3 (BL3) between sheep and cattle origin hooks. 

The results of the current study were within the ranges of Singh et al. 

(2014) study in India. They mentioned that the range of the total length 

(TL) was 23.2-26.3 μm and blade length-2 (BL2) was 11.9-13.8 μm of 

large hooks obtained from sheep origin protoscolices, while, the range of 

the total length (TL) was 23.8-25.0 μm and blade length-2 (BL2) 12.0-13.4 

μm of large hooks obtained from cattle origin protoscolices, in other side, 

the range of the total length (TL) was 23.5-26.0 μm and blade length-2 

(BL2) was 12.0-13.2 μm of large hooks obtained from goats origin 

protoscolices. 

Morphometric parameters of the current study were lower than the 

measurements that were found by Mustafa et al. (2015) in Pakistan. They 

recorded non-significant differences between sheep and goats origin 

protoscolices in the total length (TL) (28.15± 1.770 μm, 27.14± 1.840 μm, 

respectively) and blade length-3 (BL3) (9.55± 0.890 μm, 9.39± 0.90 μm, 

respectively) of large hooks, while high significant (p ˂0.001) difference in 

the total length (TL) and blade length-3 (BL3) of large hooks between 

cattle (25.87± 1.920 μm, 15.22± 0.960 μm, respectively) with both sheep 

and goats origin protoscolices. 
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In Iran, Harandi et al. (2012) showed that there was non-significant 

difference between the mean± SD of the total length (TL) for large hooks 

obtained from E. granulosus G1 protoscolices (22.79± 1.430 μm) and E. 

granulosus G3 protoscolices (22.20± 0.530 μm), while they reported 

significant (p ˂0.05) variance for total length (TL) of large hooks when 

compared between E. granulosus G6 (25.72± 2.920 μm) and E. granulosus 

G1 strain. 

It is evident from the above; the use of some features of the 

measurements formalism alone to distinguish strains of Echinococcus 

granulosus is insufficient in rapid differentiation of strains. 

In order to establish an accurate diagnosis, it is necessary to take into 

account other complementary characteristics, especially genetic 

characteristics, since the phenotypic traits are often similar but genetically 

different, in addition, some studies have indicated the existence of different 

strains depending on the morphological differences, whether at the level of 

protoscolices or adult worms, but they have not identified these strains. 

The results of morphological and molecular studies are often 

contradictory and may be due to the fact that the criteria for morphological 

scales cannot always be considered an important attribute in the 

differentiation of Echinococcus strains in intermediate and final host 

populations due to the different growth patterns of parasites in different 

host populations. 

Shariatzadeh et al. (2015) explain the characteristics of the hooks of 

adult worms in sheep strain did not differ materially from the camel and 

buffalo strains in a study of 16 samples of infected dogs, but analysis of the 

genetic sequence of the Cox1 gene showed that 13 of them belonged to the 

sheep strain, one belonged to the buffalo strain and two to the camel strain. 
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Al-Fatlawi (2006) pointed out in a study conducted on adult worm of 

E. granulosus after dogs experimentally infected with protoscolices from 

hydatid cyst of sheep and cow liver, and camel lungs indicated that they 

belonged to one breed based on morphological measurements, but the 

strain was only identified by analysis of the genetic sequence of the Nad1 

gene after the protoscolices were sent to a German university and it was 

found that it belongs to the sheep strain. 

Eckert et al. (1993) explained the absence of easily distinguishable 

morphological differences between certain strains or genotypes of E. 

granulosus, which gives importance to molecular analysis methods in the 

study of E. granulosus strains. 

Thus, using both molecular genetic methods and morphological 

methods together gives more accurate and reliable information about the 

nature and extent of heterogeneity within E. granulosus samples. (Gordo 

and Bandera, 1997; McManus and Bryant, 1995). 

 

4 – 3: PCR product and gel electrophoresis: 

In total 96 of different E. granulosus DNA isolates were studied by 

using PCR amplification of partial mitochondrial cytochrome C oxidase 

subunit1 (Cox1) with PCR product of 440 bp, that by using the JB3 and 

JB4.5 primers, Among them, 11 negative samples appeared, these negative 

samples were excluded from the following tests, The PCR products of the 

isolates by using gel electrophoresis revealed major banding patterns 

(Table 4 – 12). The isolate from sheep, cattle, camels, buffalo and humans 

produced similar patterns, so that's proving that all positive isolates belongs 

to E. granulosus strains. (Pic. 4-7 to 4-14) 
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The highest purity of the DNA used in the polymerase chain reaction 

technique was obtained by the using protoscolices as a source of DNA, 

where the extraction results showed that the use of protoscolices as a 

source of DNA is better than the use of germinal layer tissues, because of 

the easy analysis of protoscolices in compared to germinal layer tissues. 

Table (4 – 12): PCR negative and positive samples numbers in gel electrophoresis  

Sample 

No. 

Host 

species 
Sample location 

Protoscolices 

PCR No. 

Germinal layer 

PCR No. 

1 Cow Liver - - 

2 Cow 
Liver 8 31 

Lung 7 32 

3 Cow Lung 
6 33 
5 34 

4 Sheep Liver 4 35 

5 Sheep Lung 3 36 

6 Sheep 

Liver 1 38 

Lung 9 37 

Heart 2 39 

7 Buffalo Liver - - 
8 Cow Lung 10 40 

9 Cow Liver 11 41 

11 Sheep Liver 12 42 

11 Sheep Liver 13 43 

12 Sheep 
Liver 15 44 

Lung 41 45 

13 Sheep 
Liver 16 46 

Lung 17 47 

14 Cow 
Liver - - 
Lung 18 48 

15 Cow 
Liver 45 49 

Lung 20 50 

16 Camel Lung 21 51 

17 Sheep Liver 22 52 

18 Sheep 
Liver 23 53 

Lung - - 

19 Sheep 
Liver 24 54 

Lung 25 55 
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21 Sheep 
Liver 27 56 

Lung 62 57 

21 Camel Lung 28 58 

22 Camel Lung # 59 

23 Camel Lung # 60 

24 Buffalo 
Lung 30 62 

Spleen 29 61 
25 Human liver # 63 

26 Human liver # 64 
27 Camel Liver 26 33 

28 Cow Lung 22 31 

29 Cow Lung 23 36 

30 Cow Lung 24 32 

31 Human Liver 69 77 
32 Human Liver 70 78 

33 Human Liver 71 79 

34 Human Liver 72 80 
35 Sheep Liver 44 45 

36 Sheep Liver 46 59 

37 Sheep Liver 43 54 

38 Cow Lung 41 56 

39 Camel Lung 46 53 

40 Buffalo Spleen 42 51 

41 Sheep Liver 43 56 

42 Sheep Liver 44 52 
- : Not hydatid cyst 

#  : No hydatid fluid OR no protoscolices 

Red: No product 

Green: Weak bond 
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Pic. (4 – 7): Agarose gel electrophoresis containing the results of the polymerase chain 

reaction (PCR) products for the Cox1 gene in the study samples. (L): Represents the 

Marker ladder (100-1500bp) and samples (1-8) represent the results of amplification of the 

gene at 440bp. 

Pic. (4 – 8): Agarose gel electrophoresis containing the results of the polymerase chain 

reaction (PCR) products for the Cox1 gene in the study samples. (L): Represents the 

Marker ladder (100-1500bp) and samples (9-16) represent the results of amplification of 

the gene at 440bp. 
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Pic. (4 – 9): Agarose gel electrophoresis containing the results of the polymerase chain reaction 

(PCR) products for the Cox1 gene in the study samples. (L): Represents the Marker ladder (100-

1500bp) and samples (17-28) represent the results of amplification of the gene at 440bp 

 

Pic. (4 – 10): Agarose gel electrophoresis containing the results of the polymerase chain reaction 

(PCR) products for the Cox1 gene in the study samples. (L): Represents the Marker ladder (100-

1500bp) and samples (29-40) represent the results of amplification of the gene at 440bp 
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Pic. (4 – 11): Agarose gel electrophoresis containing the results of the polymerase chain reaction 

(PCR) products for the Cox1 gene in the study samples. (L): Represents the Marker ladder (100-

1500bp) and samples (41-52) represent the results of amplification of the gene at 440bp 

 

 

Pic. (4 – 12): Agarose gel electrophoresis containing the results of the polymerase chain reaction 

(PCR) products for the Cox1 gene in the study samples. (L): Represents the Marker ladder (100-

1500bp) and samples (53-64) represent the results of amplification of the gene at 440bp 
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Pic. (4 – 13): Agarose gel electrophoresis containing the results of the polymerase chain reaction 

(PCR) products for the Cox1 gene in the study samples. (L): Represents the Marker ladder (100-

1500bp) and samples (65-80) represent the results of amplification of the gene at 440bp 

 

Pic. (4 – 14): Agarose gel electrophoresis containing the results of the polymerase chain reaction 

(PCR) products for the Cox1 gene in the study samples. (L): Represents the Marker ladder (100-

1500bp) and samples (81-96) represent the results of amplification of the gene at 440bp 

Positive results appeared in 85 out of 96 samples of Cox1 gene after 

it was amplified by PCR technique and examined by electrophoresis at 

440bp, and this agrees with the gene size and PCR product with the studies 

in Iraq and other countries such as the study of Radi and Ali (2016) and 

Ahmed et al. (2013) in Iraq, the study of Youssefi et al.( 2013), Babazadeh 

et al. (2015),  Shariatzadeh et al. (2015),  Sharbatkhori et al. (2016) in Iran 

and the study of Ahmed et al. (2013) in Sudan. 
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The reason for the appearance of these negative samples may be due 

to a difference in the methods of DNA extraction, protocol used in the PCR 

technique, lack of sufficient DNA due to the failure of the sample to 

decompose during the process of analyzing the protoscolices or the tissue 

of the hydatid cyst germinal layer, or the presence of inhibitors in some 

samples that bind with the polymerase enzyme and inhibit it and thus 

prevent DNA amplification (Furrows et al. 2004), and perhaps the reason is 

due to the occurrence of cell autolysis in some isolates. 

 

4 – 4: DNA sequencing and Phylogenetic tree: 

4 – 4 – 1: Samples Accession Numbers 

The study samples were recorded with the accession number in the 

website of NCBI as shown in the table (4 – 13): 

Table (4 – 13): The accession numbers of the recorded samples 

 Host Organ Local sample No. 
Local accession 

number 

1 
Cow 

Liver Z11 LC646945 

2 Lung Z66 LC646946 

3 

Sheep 

Liver Z35 LC646947 

4 Lung Z37 LC646948 

5 Heart Z35 LC646949 

6 
Camel 

Liver Z65 LC646950 

7 Lung Z58 LC646951 

8 
Buffalo 

Lung Z39 LC646952 

9 Spleen Z29 LC646953 

10 Human Liver Z70 LC646954 

 

 



Chapter Four                                                          The Results and discussions 

 

86 

4 – 4 – 2: DNA sequencing for Cox1 gene: 

During the study, 10 samples out of a total of 85 positive samples 

were selected according to the results of the PCR technique, where the 

most obvious samples were selected in the gel electrophoresis operations, 

then it was analyzed for the process of determining the genetic sequence of 

DNA, and the samples were sent to Macrogen Company / Korea to 

determine the DNA sequence. 

The gene sequencing of the 10 Cox1 PCR revealed that the samples 

are equivalent to the NCBI reference gene of Genbank, indicating that the 

isolated specimens and extracted DNA belong to E. granulosus strains as 

shown in the table (4 – 14). 

Table (4 – 14): Similar sequence matching in NCBI-BLAST among local E. 

granulosus isolates from different hosts 

 Sample Organ Local accession No. Identities NCBI Accession No. 

1 Cow 
Liver LC646945 96% MG672190.1 (G1) 

Lung LC646946 100% MN787560.1 

2 Sheep 

Liver LC646947 98% LC476621.1 (G3) 

Lung LC646948 88% MN787559.1 

Heart LC646949 91% MT380266.1 (G6) 

3 Camel 
Liver LC646950 99% MG672273.1 (G1) 

Lung LC646951 99% MG672273.1 (G1) 

4 Buffalo 
Lung LC646952 95% MT318689.1 

Spleen LC646953 96% MG745751.1 (G1) 

5 Human Liver LC646954 99% MT380931.1 (G6) 

 

4 – 4 – 3: Sequence analysis of Cox1 gene in samples 

Genetic sequence analysis of the nucleotides of 10 DNA samples 

(Cox1 gene) included one sample from each affected host in each of the 

intermediate hosts under study. These samples were sent to the Macrogen 

company/Korean for the purpose of genetic sequence analysis. 

https://www.ncbi.nlm.nih.gov/nucleotide/KT320886.1?report=genbank&log$=nucltop&blast_rank=1&RID=BHWN2SKR01R
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The genetic sequence analysis of the study samples showed a 

difference in the positions of the nitrogenous bases compared to the 

samples recorded in the gene bank with accession numbers shown in Figure 

(4 – 13). 

The results of the genetic sequence analysis of the Cox1 gene 

showed the presence of both sheep strain (G1), buffalo strain (G3) and 

camel strain (G6) in the samples, as shown in table (4-13), depending on 

the forward and reverse primer sequences of the Cox1 gene. 

The results of the genetic sequencing analysis also showed a 

concordance of (99%) in the human sample with the strains registered with 

accession number (MT380931.1 (G6)), and a 96%, 100% concordance in 

the cow liver and lung samples with the strain registered with accession 

number (MG672190.1 (G1), MN787560.1) respectively, and at a rate of 

98%, 88% and 91% in sheep liver, lung and heart samples with the strains 

registered with accession number (LC476621.1 (G3), MN787559.1 and 

KT320886.1 (G1)) respectively, and by (99%) in camel liver and lung 

samples with the strains registered with the accession number 

(MG672273.1 (G1)) respectively, and by 95% and 96% in the buffalo lung 

and spleen samples with the strains registered with the accession number 

(MT318689.1 and MG745751.1 (G1)) respectively, as shown in table (4 – 

13). 

4 – 4 – 4: Strains recorded in the current study 

The strains of the E. granulosus parasite that were recorded in the 

current study were G1, G3 and G6, where the sheep strain G1 recorded the 

highest prevalence in the intermediate hosts with a rate of 57.14%, 

followed by the camel strain with a rate of 28.58%, then the buffalo strain 

with a prevalence rate of 14. 28%, as shown in table (4 – 15). 

https://www.ncbi.nlm.nih.gov/nucleotide/KT320886.1?report=genbank&log$=nucltop&blast_rank=1&RID=BHWN2SKR01R
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Table (4 – 15): Percentage of the strains recorded in the current study according to 

their location in the host's body and their prevalence in intermediate hosts. 

Strain Organ Host NCBI accession number Percentage 

G1 

Liver Cow MG672190.1 

57.14% 
Liver Camel MG672273.1 

Lung Camel MG672273.1 

Spleen Buffalo MG745751.1 

G6 
Heart Sheep MT380266.1 

28.58% 
Liver Human MT380931.1 

G3 Liver Sheep LC476621.1 14.28% 

 

Where a difference was found in the arrangement of the nitrogenous 

bases in the cow liver sample in the sites (109, 113, 132, 135, 136 and 137) 

as shown in Figure (4 – 1). 

Figure (4 – 1): Genetic sequence analysis of the Cox1 gene for the local sample of 

cow liver compared with the sample registered in the genebank under accession 

number (MG672190.1 (G1)). 

 

 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/KT320886.1?report=genbank&log$=nucltop&blast_rank=1&RID=BHWN2SKR01R
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In the sheep liver sample, there is a difference that was found in the 

arrangement of the nitrogenous bases in the sites (50, 100, 188, 230, 261, 

298, 300, 335 and 351) as shown in Figure (4 – 2). 

 

 

 

 

 

 

 

 

 

 

 

Figure (4 – 2): Genetic sequence analysis of the Cox1 gene for the local sample of sheep 

liver compared with the sample registered in the genebank under accession number 

(LC476621.1 (G3)). 
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In the sheep lung sample, there is a difference that was found in the 

arrangement of the nitrogenous bases in the sites (83, 91, 96, 99, 100, 113, 

132, 133, 134, 136, 137, 174, 177, 178, 179, 180, 187, 192, 193, 194, 195, 

197, 199, 209, 216, 227, 229, 239, 275, 297, 299, 311, 333, 334, 336, 348, 

354 and 357) and gabs in site (162, 217, 218 and 330) as shown in Figure 

(4 – 3). 

Figure (4 – 3): Genetic sequence analysis of the Cox1 gene for the local sample of 

sheep lung compared with the sample registered in the genebank under accession 

number (MN787559.1). 
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In the sheep heart sample, there is a difference that was found in the 

arrangement of the nitrogenous bases at the sites (39, 49, 52, 53, 54, 68, 71, 

72, 74, 81, 85, 94, 99, 103, 105, 108, 129, 130, 200 and 250) and gab in the 

site (133) as shown in Figure (4 – 4). 

Figure (4 – 4): Genetic sequence analysis of the Cox1 gene for the local sample of 

sheep heart compared with the sample registered in the genebank under accession 

number (MT380266.1 (G6)). 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/KT320886.1?report=genbank&log$=nucltop&blast_rank=1&RID=BHWN2SKR01R
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In the camel liver sample, there is a difference that was found in the 

arrangement of the nitrogenous bases at the sites (293 and 297) as shown in 

Figure (4 – 5). 

Figure (4 – 5): Genetic sequence analysis of the Cox1 gene for the local sample of 

camel liver compared with the sample registered in the genebank under accession 

number (MG672273.1 (G1)). 
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In the camel lung sample, there is a difference that was found in the 

arrangement of the nitrogenous bases at the sites (298, 302, 335 and 351) as 

shown in Figure (4 – 6). 

Figure (4 – 6): Genetic sequence analysis of the Cox1 gene for the local sample of 

camel lung compared with the sample registered in the genebank under accession 

number (MG672273.1 (G1)). 
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In the buffalo lung sample, there is a difference that was found in the 

arrangement of the nitrogenous bases at the sites (228, 238, 247, 257, 281, 

282, 291, 302, 306, 307, 311, 317, 319, 334, 335 and 337) with gabs in 

sites (192 and 299) as shown in Figure (4 – 7). 

Figure (4 – 7): Genetic sequence analysis of the Cox1 gene for the local sample of 

buffalo lung compared with the sample registered in the genebank under accession 

number (MT318689.1). 
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And in the buffalo spleen sample, there is a difference that was found 

in the arrangement of the nitrogenous bases at the sites (5, 100, 158, 165, 

178, 182, 186, 230, 298, 302, 308, 335, 342 and 350) as shown in Figure (4 

– 8). 

Figure (4 – 8): Genetic sequence analysis of the Cox1 gene for the local sample of 

buffalo spleen compared with the sample registered in the genebank under 

accession number (MG745751.1 (G1)). 
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In a sample of Human liver, there is a difference that was found in 

the arrangement of the nitrogenous bases at the sites (298 and 350) as 

shown in Figure (4 – 9). 

Figure (4 – 9): Genetic sequence analysis of the Cox1 gene for the local sample of 

human liver compared with the sample registered in the genebank under accession 

number (MT380931.1 (G6)). 

 

The results of the current study using (PCR) technique and Cox1 

gene sequence analysis showed that the sheep strain G1, the buffalo strain 

G3 and the camel strain G6 are the dominant genotype of E. granulosus in 

humans, sheep, cattle, buffalo and camels. 
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The camel strain G6 was recorded for the first time in Thi-Qar 

governorate in human liver by based on the analysis of the Cox1 gene 

sequence, as the current study is a preliminary study to detect 

Echinococcus granulosus strains that infect intermediate hosts in Thi-Qar 

governorate. 

The results of the current study agree with previous studies in Iraq 

based on the polymerase chain reaction (PCR) and Cox1 gene sequencing, 

as explained by Hama et al. (2012) that the sheep strain G1 is prevalent in 

Kurdistan in a study conducted on human samples, as well as Hama et al. 

(2015) the presence of sheep strain G1 in an abnormal hydatid cyst sample 

in the liver of cows in the slaughterhouse of Sulaymaniyah governorate. 

The results of the current study do not agree with Baraak (2014) 

study in Baghdad that showed that all human samples were infected with 

sheep strain G1 based on the analysis of the Cox1 and Nad1 gene 

sequences. 

Al-Nakeeb et al. (2015) in Kirkuk governorate indicated the 

presence of sheep strain G1 in humans, sheep, cows and goats using the 

polymerase chain reaction technique for the Nad1 gene, and this partially 

agrees with the results of the current study. 

Hama et al. (2013) indicated that the sheep strain G1 is prevalent in 

Sulaymaniyah governorate by using a specialized primer for the 12S rDNA 

gene in a study conducted on human samples, sheep, cows and goats. 

Al-Fatlawi (2006) in Al-Qadisiyah governorate showed the presence 

of the sheep strain G1 in cows, sheep and camels, based on the analysis of 

the Nad1 gene sequence. 
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The results of the current study agree with studies around the world 

that showed that the sheep strain G1 represents the most important type and 

is responsible for human infection and a wide range of intermediate hosts 

(Guo et al., 2011; Andresiuk et al., 2009; Busi et al., 2007). 

Where the results of Pezeshki et al. (2012) study In Iran, the sheep 

strain G1 is the most prevalent in humans, sheep, goats and cows, and the 

buffalo strain G3 in humans was also recorded. 

Utuk et al. (2008) explained in his study that the sheep strain G1 is the 

dominant type in humans, cattle, sheep, goats and camels. 

M'rad et al. (2010) study in Tunisia showed that the dominance of 

the sheep strain G1 in humans, cattle and sheep, and for the first time 

recorded the buffalo strain G3 in humans and cows. 

Adwan et al. (2013) study in Palestine showed that the sheep strain 

G1 is the dominant pattern in sheep based on the analysis of the Cox1 gene 

sequence. In addition, the Tasmanian sheep strain G2 and the buffalo strain 

G3 were also recorded, which did not agree with the results of the current 

study. 

The results of the current study showed that camels can be infected 

with sheep strain G1, and this is different from the results of the study of 

Sharbatkhori et al. (2011) in Iran that showed the presence of sheep strain 

G1, buffalo strain G3 and camels strain G6 in camel samples and the 

buffalo strain G3 was the dominant pattern. 

The recording of the presence of sheep strain G1 in buffaloes in the 

current study agreed with the study of Pour et al. (2011) in the presence of 

sheep strain G1 in buffalo. 
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The results of the current study did not agree with the results of 

Hamid (2006) study, as it was shown that the camel strain G6 is the most 

common cause of hydatid cysts in humans and various animals in Sudan. 

The results of the current study agreed with those of Khalifa et al. 

(2014) that showed the human and camel samples are identical to the camel 

strain G6 in Egypt based on the Nad1 gene sequence. 

The emergence of the buffalo strain G3 in the current study indicates 

the existence of genetic variation within the type of Echinococcus 

granulosus in Thi-Qar governorate, depending on the analysis of the Cox1 

gene sequence, which may represent a variant of the sheep strain or be 

within groups linked to a relationship, but it is different in genetic structure, 

as Sarkari et al. (2010) explained that the microvariants generally differ 

from other groups of the same species in gene repeats, and susceptibility to 

change may be described on the basis of differences in DNA sequences. 

The results of the current study disagree with the results of the study 

of Agha (2015), which found that both sheep strain G1 and buffalo strain 

G3 are the common strains in people infected with hydatid disease in Al-

Qadisiyah governorate. 

The results of the current study differ with those of the study by 

Bhattacharya et al. (2007) in India, which found that buffalo infestations 

were caused by the Tasmanian sheep strain G2 and the buffalo strain G3. 

The results of the current study agree in part with those of Casulli et 

al. (2008), which recorded the presence of infections in buffaloes in sheep 

strain G1, Tasmanian sheep strain G2 and buffalo strain G3. 
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The results of the current study are partially consistent with those of 

Pednekar et al. (2009), which recorded the infection of buffaloes in both 

sheep strain G1 and buffalo strain G3. 

The reason for the difference in the results between the current study 

and the rest of the studies in Iraq and Arab and foreign countries may be 

due to the size of the samples, the difference in the geographical area, the 

nature of animal nutrition in those areas, in addition to the customs and 

traditions of the people in those areas, the nature and type of their nutrition, 

the level of health awareness and health habits, and the extent of the spread 

of the intermediate and final hosts in their area, or may be due to the 

adaptation of specific strains in those regions more than others. 

4 – 4 – 5: Phylogenetic tree of the strains 

The genetic tree analysis of the isolates of the studied samples based 

on the partial sequence of the mitochondrial Cox1 gene of local isolates of 

Echinococcus granulosus in intermediate hosts showed the genetic 

relationship between current strains and the strains in other countries, 

especially neighboring countries. 

Evolution distances, which were measured using the similarity 

method for the maximum compound, were calculated by the UPGMA tree 

tool (MEGA version 6.0). The local isolates of E. granulosus showed 

affinity in varying proportions with the global isolates registered in the 

BLAST-NCBI gene bank, Where the numbered local isolates (LC646945, 

LC646950, LC646951and LC646953) showed the closest similarity to E. 

granulosus isolates belonging to strain G1 with accession number 

(MG672190.1, MG672273.1, MG672273.1 and MG745751.1) 

respectively. 
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The numbered isolate (LC646947) showed the closest similarity to 

E. granulosus isolate belonging to strain G3 numbered with accession 

number (LC476621.1), and the numbered isolates (LC646949 and 

LC646954) showed the closest similarity to isolates E. granulosus 

belonging to strain G6 numbered with accession number (MT380266.1 and 

MT380931.1) respectively, at total genetic heterogeneity (0.16-0.0) as 

shown in the figure (4 – 10). 

Fig. (4 – 10): Phylogenetic tree of local isolates of Echinococcus spp. (Red dots) 

based on Cox1 gene analysis according to NCBI genebank database. 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/KT320886.1?report=genbank&log$=nucltop&blast_rank=1&RID=BHWN2SKR01R
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4 – 4 – 6: Phenotypic study of E. granulosus parasite 

according to genotypes isolated in the current study:  

After completing the molecular study to diagnosing the strains of the 

genus Echinococcus spp. in the different intermediate hosts in the current 

study, a phenotypic study was conducted for the measurements of large and 

small hooks according to the genotypes isolated in the current study. 

The equations of least significant difference (L.S.D.) were used for 

the purpose of analyzing statistical data on the three measurements (THL, 

THW and HL) of large and small hooks in the isolated genotypes in the 

current study and at a probability level 0.05. 

4 – 4 – 6 – 1: Large hooks measurements  

The table (4 – 16) shows the phenotypic measurements of each of the 

length, width and handle of the large hooks, it shows that there are high 

significant differences in the total hook length (THL) between each of the 

genotypes isolated in the current study (G1, G3 and G6), the highest mean 

was in genotype G3 (23.8μm) while the shortest was in the genotype G6 

(21.02μm). 

In the total hook width (THW), the genotype G6 showed a high 

significant difference compared to genotype G1 and genotype G3, but there 

is no significant difference between genotype G1 and G3, the highest mean 

was in G3 (8.86μm) while the shortest mean was in G6 (7.91μm). 

In the case of handle length (HL), a significant difference was also 

found between the genotype G1 and the other isolated genotypes (G3 and 

G6), while there is no significant difference was recorded between the G3 

and G6 genotypes, the highest mean was in G1 (11.83μm) while the 

shortest was in G3 (11μm). 
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Table (4 – 16): The measurements of large hooks according to the genotypes 

o The mean difference is significant at the 0.05 level. 

o Results represent mean ± Standard deviation (S.D)      

o Means having different letters in the same column differed significantly (P≤0.05). 
o (L.S.D) least significant difference.  

 

4 – 4 – 6 – 2: Small hooks measurements  

The table (4 – 17) shows the phenotypic measurements of each of the 

length, width and handle of the small hooks, it shows there is high 

significant differences in the total hook length (THL) between genotype G6 

and other genotypes (G1 and G3), while there are no significant differences 

between genotype G1 and G3, the highest mean was in G1 (19.34μm) and 

the shortest was in G6 (17.76μm). 

In the total hook width (THW), there are high significant differences 

between genotype G6 and other genotypes, while there are no significant 

differences between G1 and G3, the highest mean was in G3 (7.52μm) 

while the shortest was in G6 (6.1μm). 

There are high significant differences in the handle length (HL) 

between genotype G3 and other genotypes, while there are no significant 

differences between G1 and G6, the highest mean was in G3 (12μm) while 

the shortest was in G6 (9.7μm). 

Large hook Genotype N Mean 
Std. 

Deviation 
L.S.D 

Length 

G1 400 22.47b 1.9 

0.29 G3 100 23.80a 2.08 

G6 200 21.02c 1.75 

Width 

G1 400 8.81a 1.44 

0.18 G3 100 8.86a 0.80 

G6 200 7.91b 0.95 

Handle 

G1 400 11.83a 1.32 

0.17 G3 100 11.0b 0.72 

G6 200 11.01b 0.89 
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Table (4 – 17): The measurements of small hooks according to the genotypes 

Small hook Genotype N Mean 
Std. 

Deviation 
L.S.D 

Length 

G1 400 19.34a 1.60 

0.27 G3 100 19.30a 1.92 

G6 200 17.76b 2.20 

Width 

G1 400 7.36a 1.47 

0.18 G3 100 7.52a 1.12 

G6 200 6.10b 0.64 

Handle 

G1 400 9.76b 1.68 

0.25 G3 100 12.0a 1.55 

G6 200 9.70b 1.57 
o The mean difference is significant at the 0.05 level. 

o Results represent mean ± Standard deviation (S.D)      

o Means having different letters in the same column differed significantly (P≤0.05). 
o (L.S.D) least significant difference.  
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Conclusions 

1. The current study recorded hydatid cyst disease in different organs of the 

intermediate hosts, including the liver, lung, spleen and heart, in addition 

to the infection of the liver in humans. 

2. The rate of infection in the liver was the highest while the rate of heart 

infection was the lowest. 

3. The study showed that the highest infection of hydatid cyst disease in 

Thi-Qar governorate was in camels and the lowest was in cows, and no 

infection was recorded in goats. 

4. The current study recorded human infection with camel strain (G6) for 

the first time in Thi-Qar governorate. 

5. The most prevalent strain in the intermediate hosts under study, 

according to the Cox1 gene sequence analysis, was the sheep strain G1. 

6. The highest percentage of DNA purity was obtained by analyzing the 

protoscolices samples than by analyzing the hydatid cyst germinal layer 

samples. 

7. The use of molecular methods and genetic sequence analysis is very 

important in identifying the different strains of Echinococcus 

granulosus. 
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Recommendations 

1. Conducting more epidemiological and survey studies, especially in rural 

areas, for the purpose of knowing the extent of hydatid cyst disease 

among the intermediate hosts. 

2. Conducting molecular studies using different molecular techniques and 

isolating disease-causing strains in final hosts by using Cox1 gene. 

3. Conducting an in-depth study to isolate and diagnose the protoscolices 

and experimentally infect laboratory animals with them for the purpose 

of immunological and physiological study. 

4. Treating hydatid cysts with chemical antibiotics or safe organic 

compounds to treat the infection in intermediate hosts, including 

humans. 

5. Conducting a deep study to find out the extent of human infection with 

the camel strain G6. 

6. Conducting epidemiological and molecular study for the strains belong 

to E. granulosus in wild animals such as (Fox, Jackal, wolf and hyena). 
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Appendix (1): Details of samples collection 

No. 
Type of 

organism 

Approximate 

age 

Sample 

type 

Sample 

weight 

(gm) 

Number 

of cysts 

in 

sample 

Collection 

place 
Date 

1 Cow 18 mon. Liver 1.3 1 Nasiriyah massacre 27/9/2020 

2 Cow 24 mon. 
Liver 70 3 

Nasiriyah massacre 27/9/2020 
Lung 50 1 

3 Ox 36 mon. Lung 200 2 Butcher 27/9/2020 

4 Sheep 30 mon. Liver 26 3 Nasiriyah massacre 29/9/2020 

5 Sheep 36 mon. Lung 5.5 1 Nasiriyah massacre 29/9/2020 

6 Sheep 42 mon. 

Liver 63.9 4 
Nasiriyah 
massacre 

29/9/2020 Lung 6.2 1 

Heart 8.5 2 

7 Buffalo 72 mon. Liver 5.8 1 Nasiriyah massacre 11/10/2020 

8 Cow 36 mon. Lung 123 5 Nasiriyah massacre 11/10/2020 

9 Ox 48 mon. Liver 22.4 1 Slaughterhouse 12/10/2020 

10 Sheep 24 mon. Liver 8.3 2 Slaughterhouse 12/10/2020 

11 Sheep 30 mon. Liver 17.1 3 Slaughterhouse 12/10/2020 

12 Ram 36 mon. 
Liver 127.6 3 

Slaughterhouse 12/10/2020 
Lung 31.6 2 

13 Sheep 36 mon. 
Liver 107 4 

Slaughterhouse 12/10/2020 
Lung 38.7 3 

14 Cow 36 mon. 
Liver 2.4 1 Nasiriyah 

massacre 
13/10/2020 

Lung 20.7 3 

15 Ox 36 mon. 
Liver 32.1 2 Nasiriyah 

massacre 
13/10/2020 

Lung 230 7 

16 Camel/M 12 years Lung 134 2 Nasiriyah massacre 13/10/2020 

17 Sheep 24 mon. Liver 5.3 3 Butcher 14/10/2020 

18 Sheep 30 mon. 
Liver 13.5 5 

Slaughterhouse 14/10/2020 
Lung 6.1 2 

19 Ram 36 mon. 
Liver 32.6 2 

Slaughterhouse 14/10/2020 
Lung 25 1 
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20 Sheep 36 mon. 
Liver 23.3 5 

Slaughterhouse 15/10/2020 
Lung 15.1 3 

21 Camel/F 18 years Lung 87.6 3 Nasiriyah massacre 08/12/2020 

22 Camel/F 7 years Lung 33.6 1 Nasiriyah massacre 24/12/2020 

23 Camel/F 9 years Lung 26.5 1 Nasiriyah massacre 24/12/2020 

24 Buffalo 7 years 
Lung 550 1 Nasiriyah 

massacre 
05/01/2021 

Spleen 760 1 

25 Human/M 34 years Liver 12 2 
Al-Amal General 

Investment 
Hospital 

28/01/2021 

26 Human/F 30 years Liver 32 5 
Al-Amal General 

Investment 
Hospital 

07/02/2021 

27 Camel/F 36 months Liver 156 1 Nasiriyah massacre 23/02/2021 

28 Cow 24 months Lung 76 1 Nasiriyah massacre 27/02/2021 

29 Cow 30 months Lung 122 1 Nasiriyah massacre 27/02/2021 

30 Cow 36 months Lung 890 1 Nasiriyah massacre 27/02/2021 

31 Human/F 46 years Liver 73 3 
Al-Amal General 

Investment 
Hospital 

04/03/2021 

32 Human/F 27 years Liver 36 2 
Al-Amal General 

Investment 
Hospital 

10/03/2021 

33 Human/M 41 years Liver 42 2 
Al-Amal General 

Investment 
Hospital 

18/03/2021 

34 Human/M 33 years Liver 70 3 
Al-Amal General 

Investment 
Hospital 

25/03/2021 

35 Sheep 42 months Liver 20.2 1 Slaughterhouse 04/03/2021 

36 Ram 36 months Liver 24.5 1 Slaughterhouse 09/03/2021 

37 Sheep 30 months Liver 32.7 1 Slaughterhouse 16/03/2021 

38 Cow 40 months Lung 38.4 1 Nasiriyah massacre 18/03/2021 

39 Camel/M 8 years Lung 34.7 1 Nasiriyah massacre 21/03/2021 

40 Buffalo 6 years Spleen 23.6 1 Nasiriyah massacre 23/03/2021 

41 Sheep 30 months Liver 18.5 1 Slaughterhouse 25/03/2021 

42 Ram 36 monthes Liver 33.5 1 Slaughterhouse 28/03/2021 

F: Female 

M: Male 
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Appendix (2): DNA concentration in the samples and the number of PCR samples. 

Sample 

No. 

Sample 

location 

DNA concentration 

Protoscolices 

(ng/µl) 

PCR 

No. 

Germinal layer 

(ng/µl) 
PCR 

No. 

1 Liver -  -  

2 
Liver 23.9 8 35.5 31 

Lung 20.4 7 19.2 32 

3 Lung 
71.3 6 7.8 33 
20.2 5 2.6 34 

4 Liver 7.6 4 7.2 35 

5 Lung 5.5 3 5.6 36 

6 
Liver 7.4 1 6.5 38 

Lung 12.0 9 6.1 37 

Heart 4.2 2 5.6 39 

7 Liver -  -  
8 Lung 20.8 10 8.4 40 

9 Liver 3.6 11 0.8 41 

11 Liver 16.2 12 32.5 42 

11 Liver 8.7 13 6.1 43 

12 
Liver 2.9 15 5.1 44 

Lung 17.4 41 15.1 45 

13 
Liver 12.1 16 :.4 46 

Lung 30.6 17 8.7 47 

14 
Liver -  -  
Lung 41.6 18 0.0 48 

15 
Liver 3.2 4: 2.4 49 

Lung 17.3 20 15.0 50 

16 Lung 29.2 21 5.7 51 

17 Liver 4.1 22 5.0 52 

18 
Liver 4.2 23 9.0 53 

Lung -  -  

19 
Liver 4.5 24 18.7 54 

Lung 76.3 25 19.0 55 

21 
Liver 6.0 27 6.2 56 

Lung 9.2 67 5.8 57 

21 Lung 54.0 28 50.3 58 

22 Lung # - 6.1 59 
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23 Lung # - 12.4 60 

24 
Lung 24.2 30 2.6 62 

Spleen 10.6 29 1.4 61 

25 Liver # - 5.5 63 

26 Liver # - 9.2 64 
27 Liver 2.8 76 0.0 83 

28 Lung 6.7 77 6.4 81 

29 Lung 3.3 78 0.0 86 

30 Lung 4.4 79 6.6 87 

31 Liver 2.7 69 8.0 77 

32 Liver 0.0 70 0.0 78 

33 Liver 12.7 71 0.0 79 

34 Liver 0.0 72 4:.3 80 

35 Liver 6.: 94 1.6 9: 

36 Liver 4.: 96 6.9 :0 

37 Liver 4.8 93 6.7 :4 

38 Lung 3.7 91 0.0 :6 

39 Lung 1.6 96 1.8 :3 

40 Spleen 8.6 97 41.0 :1 

41 Liver 7.4 98 4.6 :6 

42 Liver 4.9 99 0.7 :7 

 

- : Not hydatid cyst 

#  : No hydatid fluid or no protoscolices 
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Appendix (3): Epidemiological statistics of infected animals 

 Date Animal 
Total number of 

slaughtered animals 

Infected animals 

Male Female 

1 27/09/2020 

Cows 17 1 2 

Buffalos 3 - - 

Camels 3 - - 

2 29/09/2020 
Sheep 34 - 3 

Goats 12 - - 

3 11/10/2020 

Cows 13 1 - 

Buffalos 4 1 - 

Camels 2 - - 

4 12/10/2020 

Cows 3 1 - 

Sheep 27 1 3 

Goats 22 - - 

5 13/10/2020 

Cows 22 1 1 

Buffalos 3 - - 

Camels 2 1 - 

6 14/10/2020 
Sheep 24 1 2 

Goats 7 - - 

7 15/10/2020 
Sheep 24 - 1 

Goats 12 - - 

8 17/11/2020 

Cows 16 - - 

Buffalos 5 - - 

Camels 2 - - 

9 22/11/2020 
Sheep 23 - - 
Goats 12 - - 

10 08/12/2020 
Cows 13 - - 

Buffalos 5 - - 
Camels 2 - 1 

11 13/12/2020 
Sheep 34 - - 
Goats 9 - - 

12 15/12/2020 
Sheep 22 - - 
Goats 4 - - 

13 17/12/2020 

Cows 12 - - 

Buffalos 2 - - 

Camels 1 - - 

14 20/12/2020 
Sheep 16 - - 

Goats 3 - - 
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15 22/12/2020 

Cows 17 - - 

Buffalos 5 - - 

Camels 3 - - 

16 24/12/2020 

Cows 15 - - 

Buffalos 4 - - 

Camels 2 - 2 

17 27/12/2020 

Cows 15 - - 

Buffalos 2 - - 

Camels 1 - - 

18 29/12/2020 
Sheep 26 - - 

Goats 18 - - 

19 31/12/2020 
Sheep 14 - - 

Goats 8 - - 

20 05/01/2021 

Cows 11 - - 

Buffalos 3 1 - 

Camels 2 - - 

21 23/02/2021 

Cows 14 - - 

Buffalos 2 - - 

Camels 1 - 1 

22 27/02/2021 

Cows 22 - 3 

Buffalos 3 - - 

Camels 2 - - 

23 02/03/2021 

Cows 12 - - 

Buffalos 3 - - 

Camels 1 - - 

24 04/03/2021 
Sheep 22 - 1 

Goats 6 - - 

25 09/03/2021 
Sheep 13 1 - 

Goats 8 - - 

26 11/03/2021 

Cows 15 - - 

Buffalos 5 - - 

Camels 2 - - 

27 16/03/2021 

Sheep 18 - 1 

Goats 4 - - 

Cows 16 - - 

Buffalos 2 - - 

Camels 1 - - 
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28 18/03/2021 

Cows 13 1 - 

Buffalos 2 - - 

Camels 1 - - 

29 21/03/2021 

Cows 17 - - 

Buffalos 3 - - 

Camels 2 1 - 

30 23/03/2021 

Cows 22 - - 

Buffalos 5 1 - 

Camels 3 - - 

31 25/03/2021 

Sheep 27 - 1 

Goats 12 - - 

Cows 15 - - 

Buffalos 3 - - 

Camels 2 - - 

32 28/03/2021 

Sheep 22 1 - 

Goats 7 - - 

Cows 12 - - 

Buffalos 2 - - 

Camels 1 - - 

 Total  904 14 22 

 

 

 Animal Number of slaughtered animals Infected animals 

1 Cows 312 11 

2 Buffalos 66 3 

3 Camels 36 6 

4 Sheep 346 16 

5 Goats 144 0 

 Total 904 36 
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Appendix (4): Feces samples collected from stray dogs 

 Date 
No. of collected 

samples 

No. of infected 

samples 
Collecting area 

1 15/11/2020 6 - Nasiriyah massacre 

2 17/11/2020 3 - Nasiriyah massacre 

3 22/11/2020 5 - Slaughterhouse 

4 29/11/2020 5 - Nasiriyah massacre 

5 08/12/2020 4 1 Slaughterhouse 

6 13/12/2020 6 2 Slaughterhouse 

7 15/12/2020 5 - Slaughterhouse 

8 17/12/2020 4 - Nasiriyah massacre 

9 20/12/2020 6 1 Slaughterhouse 

10 22/12/2020 4 - Nasiriyah massacre 

11 24/12/2020 9 4 Slaughterhouse 

12 27/12/2020 6 - Nasiriyah massacre 

13 29/12/2020 4 1 Slaughterhouse 

14 31/12/2020 12 1 Slaughterhouse 

15 05/01/2021 4 1 Nasiriyah massacre 

16 05/01/2021 6 1 Slaughterhouse 

 Total 89 12  
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 أ 

 الملخص

إٌبجُ ػٓ اٌّشحٍخ  ِذي أزشبس ِشع األوُبط اٌّبئُخ اٌذساعخ اٌحبٌُخ ئًٌ ِؼشفخ رهذف

اٌزٌ َظُت اإلٔغبْ  Echinococcus granulosus اٌّشىوخ اٌحجُجُخ اٌُشلُخ ٌطفٍٍُ

، فٍ ِغبٌخ ِذَٕخ إٌبطشَخواٌحُىأبد اٌّخزٍفخ ولُبط ِؼذي اإلطبثخ ثُٓ اٌحُىأبد اٌّزثىحخ 

، فٍ أعىاق ثُغ اٌّىاشٍ ؼبٍُِٓواٌجضاسَٓ اٌ فٍ أعىاق ثُغ اٌٍحىَ اٌجضاسَٓو رٌ لبس،ِحبفظخ 

حىىُِخ ُٔخ وآٌِ اٌّغزشفُبد اٌّذ طبثخ اٌجششَخ اٌزٍ رُ اٌحظىي ػٍُهبحبالد االثبإلػبفخ ئًٌ 

)ػبئٍخ اٌىٍجُبد(  ٍ فٍ اٌّؼُف إٌهبئٍاٌطفٍُ أزشبسوزٌه ، و، ِحبفظخ رٌ لبسفٍ ِذَٕخ إٌبطشَخ

اجشاء دساعخ وزٌه و .اٌىالة اٌغبئجخ ٌٍؼثىس ػًٍ ثُىع اٌطفٍٍُ ثشاص فحض خالي ِٓورٌه 

 ِمبسٔخ ِظهشَخ وجضَئُخ ٌٍشؤَغبد األوٌُخ اٌّأخىرح ِٓ األوُبط اٌؼذسَخ فٍ اٌّؼبئف اٌّخزٍفخ. 

 42ووجذ  ثبٌفحض اٌّجبشش ثؼذ ارّبَ ػٍُّخ اٌزثح ِٓ لجً اٌجضاسَٓ حبٌخ 910رُ فحض 

 6غُٕ،  16ئثً،  6جبِىط،  3أثمبس،  11بألوُبط اٌّبئُخ ِىصػخ ػًٍ إٌحى اٌزبٌٍ )ث حبٌخ ِظبثخ

فٍ األثمبس حُث وبٔذ ِخزٍفخ وبٔذ  ثبٌّشىوخ اٌحجُجُخ طبثخاإلِؼذالد وجذ اْ حبالد ثششَخ( و

٪ 16.7(، 3/66٪ )4.5(، 11/312٪ )3.5 ثبٌٕغت واالغٕبَ واٌّبػض واالٔغبْ واٌجبِىط واإلثً

 .ػًٍ اٌزىاٌٍ  (6/6) ٪100 ( و٪0/144 )0.0، (٪16/346 )4.6(، 6/36)

٪ وألً ئطبثخ 16.7اخزٍفذ ِؼذالد اإلطبثخ حُث وبٔذ أػًٍ ٔغجخ ئطبثخ فٍ اٌجّبي 

٪. ووجذ فشق ِؼٕىٌ وجُش فٍ اإلطبثخ ثُٓ اٌحُىأبد اٌّخزٍفخ ػٕذ ِغزىي 3.5وبٔذ فٍ األثمبس 

 .0.01≥ احزّبٌُخ 

رُ جّؼهب ِٓ ثشاص  ػًٍ ثُىع اٌطفٍٍُ، واٌزٍثشاص  ػُٕخ 89 اطً ِٓ 12احزىاء ثجذ 

األغٕبَ  رؼُش ورزجىي ثبٌمشة ِٓ اٌجضاسَٓ اٌؼبٍُِٓ فٍ اٌغىق اٌّحٍٍ ٌجُغاٌزٍ  خغبئجاٌىالة اٌ

 .رٌ لبس ِحبفظخ ،واٌّبػض جٕىة ِذَٕخ إٌبطشَخ

فٍ اٌشؤَغبد االوٌُخ اٌّؼضوٌخ ِٓ االػؼبء  اٌظغُشح واٌىجُشح أظهشد لُبعبد األشىان

اخزالفبد ِؼٕىَخ فٍ ؽىي وػشع  اٌّظبثخ اٌّؼبئف اٌىعطُخِخزٍف أىاع  فٍ اٌّخزٍفخ

 .اٌخطبفبد ثبإلػبفخ ئًٌ ؽىي اٌّمجغ



 ب 

ثبعزخذاَ   (PCR) ثؼذ اوزّبي اٌزشخُض اٌجضَئٍ ثبعزخذاَ رمُٕخ رفبػً اٌجٍّشح اٌّزغٍغً

وجذد ، JB4.5  و  JB3 ثبعزخذاَ اٌجبدئبدواٌىهشثبئٍ ٌٍهالَ  اٌزشحًُفٍ رمُٕخ  Cox1 اٌجُٓ

جٕظ اٌذساعخ اٌحبٌُخ أْ جُّغ اٌحبالد اٌزٍ اطبثذ اٌّؼبئف اٌىعطُخ وبٔذ رٕزٍّ ئًٌ عالالد 

 .Echinococcus granulosusاٌّشىوخ اٌحجُجُخ 

رُ اٌحظىي ػًٍ أػًٍ ٔغجخ ٔمبوح ٌٍحبِغ إٌىوٌ اٌّغزخذَ فٍ رمُٕخ رفبػً اٌجٍّشح 

ػٓ ؽشَك اعزخذاَ اٌشؤَغبد األوٌُخ وّظذس ٌٍحبِغ إٌىوٌ، حُث أظهشد  PCRاٌّزغٍغً 

ٔزبئج االعزخالص أْ اعزخذاَ اٌشؤَغبد األوٌُخ وّظذس ٌٍحبِغ إٌىوٌ أفؼً ِٓ اعزخذاَ 

ورٌه ثغجت عهىٌخ رحًٍ اٌشؤَغبد االوٌُخ لُبعبً ثزحًٍ أٔغجخ اٌطجمخ  أٔغجخ اٌطجمخ اٌجشثىُِخ

 اٌجشثىُِخ.

 G6و  G1 ،G3اْ وً ِٓ االّٔبؽ اٌجُُٕخ  Cox1ٌجُٓ  أظهش رحًٍُ ٔزبئج اٌززبثغ اٌجٍُٕ

اْ حُث رُ اثجبد  اٌّؼبئف اٌىعطُخ اٌّخزٍفخثذاء االوُبط اٌّبئُخ فٍ هٍ اٌّغإوٌخ ػٓ االطبثخ 

 االوثش أزشبسا فٍ اٌحبالد اٌّشػُخ اٌّظبثخ ثطفٍٍُ اٌّشىوخ اٌحجُجُخ. هزٖ االّٔبؽ هٍ

ألوي ِشح فٍ ِحبفظخ رٌ لبس فٍ اٌىجذ اٌجششٌ ثبالػزّبد  G6 رُ رغجًُ عالٌخ اٌجّبي

 ، حُث أْ اٌذساعخ اٌحبٌُخ هٍ دساعخ أوٌُخ ٌٍىشف ػٓ عالالد Cox1 ػًٍ رحًٍُ رغٍغً اٌجُٓ

Echinococcus granulosus  رظُت اٌؼىائً اٌىعُطخ فٍ ِحبفظخ رٌ لبس.اٌز ٍ 

% ثُٓ 100-86أظهشد ٔزبئج رحًٍُ اٌشجشح اٌزطىسَخ ثبْ هٕبٌه رمبسثبً جُُٕب ثّمذاس 

 اٌؼضالد اٌّحٍُخ اٌزٍ رُ ػضٌهب ِٓ اٌّؼبئف اٌّخزٍفخ وِٓ اػؼبء ِخزٍفخ ِٓ ٔفظ اٌحُىاْ.



 مجهىريت العراق
 وزارة التعلين العايل والبحث العلوي

 جاهعت القادسيت
 كليت العلىم

 قسن علىم احلياة
 

 Echinococcus spp.

 
 جملش كليت العلىم/جاهعت القادصيت هقدهت اىلرصالت 

 الطفيلياث-ن احليىانعليف علىم احلياة/ هن هتطلباث نيل شهادة املاجضتري وهي جزء
 

 هن قبل
 حسني صاحل مهدي اليعقوبي

 جاهعت ذي قار / كليت العلىم/  4002بكالىريىس علىم حياة 
 

 إشرافب
 رـّبـحبيب وسيل كاظم ُشاألستاذ الدكتور 

 
 هـ 2221 حمرم احلرام                                                                                                                               م     4042 آب


