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Abstract: 

 

 Echinococcosis, caused by the larval stage of tapeworms of the genus Echinococcus, is 

one of the most important zoonotic diseases worldwide. Echinococcus granulosus and 

Echinococcus multilocularis are the most prevalent species infecting humans, resulting in cystic 

echinococcosis (CE) and alveolar echinococcosis (AE), respectively. In this study we 

investigated the presence of E. granulosus-specific DNA in dog‟s feces by detecting the 18s r-

DNA and cytochrome C oxidase I (cox1) mitochondrial gene, beside a repetitive E. granulosus 

DNA segment.  

         From the total of seven PCR systems that were designed to amplify E. granulosus DNA 

that could be found in infected dog fecal samples only three systems were proved to be effective 

for this purpose. The three PCR systems were adapted first to amplify DNA from other cestode 

species of Taenidae family to be used in next generation DNA sequence analysis.  

        The details of the PCR systems were as follow: PCR system 1 and 2 were based on 

universal primers from 18s rDNA gene, and amplified a DNA segment of 224bp and 216 bp 

respectively. PCR 3 based on E. granulosus repetitive region and amplified a region of 152 bp. 

PCR sensitivity test of the three candidate PCR systems was done, the sensitivity limit was  

0.0025 ng/ml of E.granulosus  genomic DNA.  

           The three PCR systems were used to detect the presence of E. granulosus in 50 dog fecal 

samples collected from Yatta town, the produced amplicons were subjected to NGS MiSeq DNA 

analysis. A bioinformatics workflow was developed through Galaxy/europe online software for 

identifying E. granulosus specific sequences from thousands of obtained sequences for each 

sample. PCR system 1 proved to be the most effective and it detected target DNA in 12 from a 

total of 50 fecal samples (24%). This study will support future research that should reveal a 

better understanding of the Echinococcus-host interplay, and suggests new avenues for the 

identification of additional targets for diagnosis and chemotherapy.  
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 :الملخص

 

 

 

، أحذ نذٚذاٌ انشزٚطٛح يٍ ظُض انًكٕراخٚؼرثز داء انًشٕكاخ ، انذ٘ ذظثثّ يزحهح انٛزقاخ يٍ ا 

 Echinococcus granulosus  ٔEchinococcus ٔذؼرثز انطفٛهٛاخ أْى الأيزاع انحٕٛاَٛح فٙ انؼانى.

multilocularis يًا ٚؤد٘ إنٗ داء انًشٕكاخ انكٛظٙ انرٙ ذظٛة انثشز يٍ لإَٔاع اَرشارًاأكصز ا يٍ ًْا ،

(CEٔانًكٕراخ ا )نًرؼذدخ الأكٛاص (AE) ػهٗ انرٕانٙ. فٙ ْذِ انذراطح ، ذحققُا يٍ ٔظٕد انحًغ ،

فٙ   18s rDNA, COX1 فٙ تزاس انكهة يٍ خلال انكشف ػٍ ظُٛاخ تانطفٛهٙانُٕٔ٘ انخاص 

 . E. granulosus يٍ ؽفٛم ظاَة شزٚحح انحًغ انُٕٔ٘ انًركزر، إنٗ انًٛرٕكَٕذرٚا

 .E نهطفٛم انرٙ ذى ذظًًٛٓا نرؼخٛى انحًغ انُٕٔ٘ PCRيٍ يعًٕع شًاَٛح أَظًح  

granulosus  انرٙ ًٚكٍ انؼصٕر ػهٛٓا فٙ ػُٛاخ انثزاس انكلاب انًظاتح شثد أٌ شلاشح أَظًح فقؾ فؼانح نٓذا

 cestodeيٍ إَٔاع أخزٖ يٍ أٚؼاً صلاشح أٔلاً نرؼخٛى انحًغ انُٕٔ٘ ان PCRانغزع. ذى ذكٛٛف أَظًح 

 .DNAٔشاَٛاً نٛرى اطرخذايٓا فٙ انعٛم انرانٙ يٍ ذحهٛم ذظهظم  Taenidaeذُرًٙ إنٗ ػائهح 

ػهٗ تادئاخ ػايح يٍ ظٍٛ  PCR 1  ٔ2ػهٗ انُحٕ انرانٙ: اػرًذ َظاو  PCRكاَد ذفاطٛم أَظًح  

11 rDNA  ٔذؼخٛى ظشءDNA  ٍ222يbp   ٔ212 bp ٙػهٗ انرٕان ٔ ،PCR  ٗانصانس ٚؼرًذ ػه

 PCR. ذى إظزاء اخرثار حظاطٛح bp152ٔذؼخٛى انًُطقح يٍ  E. granulosus نهطفٛم انًُطقح انًركزرج

يم / DNAَإَغزاو  0.0025ٔكاٌ حذ انحظاطٛح ٚظم إنٗ  انًزشحح،انصلاشح  PCRلأَظًح 

E.granulosus . 

  

نكلاب ػُٛح يٍ تزاس ا 50فٙ  E. granulosusانصلاشح نهكشف ػٍ ٔظٕد  PCRذى اطرخذاو أَظًح          

. ذى ذطٕٚز طٛز NGS MiSeq DNAنرحهٛم  انًؼاػفح انقطغ إخؼاعانرٙ ذى ظًؼٓا يٍ تهذج ٚطا، ٔذى 

 انًحذد يٍ E. granulosusنرحذٚذ ذظهظم  Galaxy/europeػًم انًؼهٕياذٛح انحٕٛٚح يٍ خلال تزَايط 

الأكصز  أشثد تأَّ PCR 1نكم ػُٛح. َظاو  اذى انحظٕل ػهٛٓ خ انرٙرظهظلاان أنفػًٍ خلال كشفّ يٍ 

َرٕقغ أٌ ذقٕو . نٓذا انفحض %( خؼر22ّ)ػُٛح تزاس  50يٍ إظًانٙ ح يظات ػُٛح 12فاػهٛح ٔكشف ػٍ 

،  Echinococcusالأتحاز انًظرقثهٛح انرٙ طركشف ػٍ فٓى أفؼم نهرفاػم تٍٛ يؼٛفاخ  تذػى انذراطحْذِ 

 ظذٚذج نرحذٚذ أْذاف إػافٛح نهرشخٛض ٔانؼلاض انكًٛٛائٙ. ٔذظرخذو كأدٔاخ
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1. Introduction: 

 

 Cystic echinococcosis (CE) is one of the world's major zoonotic diseases, which is 

characterized by the development of large cysts in liver, lungs and other organs of humans and 

livestock. The infection is caused by the dog tapeworm, E. granulosus, in humans and animals 

(Heidari, Z. et al., 2019). Echinococcus, is one of the most important zoonotic parasitic diseases 

worldwide and in the Mediterranean region much due to extensive home slaughtering and 

presence of numerous stray dogs with access to offal (Heidari, Z. et al., 2019), (Gottstein et al., 

1992). Echinococcus granulosus and Echinococcus multilocularis are the most prevalent species 

infecting humans, resulting in cystic echinococcosis (CE) and alveolar echinococcosis (AE), 

respectively (Heidari, Z. et al., 2019). E. granulosus is known to be endemic in all continents, 

while E. multilocularis limited to the northern hemisphere. Both AE and CE are considered 

neglected zoonosis, with a global distribution and higher prevalence for CE, but a higher 

pathogenicity and mortality for AE, especially in Asia (Heidari, Z. et al., 2019). 

 Herbivores are the intermediate hosts for E. granulosus , and canids, including dogs, 

wolves, foxes and jackals, act as definitive hosts and they hosting the adult worms in their small 

intestine. Humans is considered an accidental dead-end intermediate host for Echinococcus 

species and he get infected via close contact with the definitive host or by indirect ingestion of 

eggs through contaminated water or vegetables and herbs (Heidari, Z. et al., 2019), (Jacey Roche 

Cerda et al., 2018). Alveolar echinococcosis is of great public health importance because it is 

associated with high morbidity and mortality rate, and is therefore considered to be the most 

pathogenic zoonosis in temperate and arctic regions (Eckert, Johannes, 2004). The parasite is 

endemic in central and western Europe, parts of the near East, Russia, and the central Asian 

Republics, China northern Japan and Alaska (Eckert, Johannes, 2004). 
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During the past decades, molecular studies, mainly based on mitochondrial genes, have 

described several genotypes or species within E. granulosus, as follows: E. granulosus 

(Genotypes G1–G3), E. equinus (G4), E. ortleppi (G5), E. canadensis (G6–G10) and E. felidis 

(„lion strain‟); the existence of the humanspecifc genotype G9 is controversial (Sharma, M., et 

al., 2013). Recently, (Kinkar, L., et al, 2018) showed that G1 and G3 are two distinct 

mitochondrial genotypes and can be considered as a single species of E. granulosus and G2 is 

more related to G3 genotype (Sharma, M., et al., 2013). Also it was confirmed that based on six 

nuclear loci, G6/G7 and G8/G10 genotypes can be considered as two distinct species (Laurimäe, 

2018)Additionally, (Thompson et al., 2002) proposed to consider camel and pig strains of E. 

granulosus as a single species (E. intermedius). Two new species have recently been identified, 

E. shiquicus in small mammals from the Tibetan plateau and E. felidis in African lions, but their 

zoonotic transmission potential is unknown (Moro, P. L., et al., 2008). Unlike E. granulosus , 

there is limited variation in E. multilocularis isolates, and only minor variations have been 

detected in the cytochrome c oxidase subunit 1 (cox1) and other site in mitochondrial DNA 

sequences (Sharma, M., et al., 2013). This little variation produces two groups, namely M1 and 

M2. M1 originates in China and North America and M2 in Europe (Jabbar, Abdul et al., 2011). 
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1.1 Prevalence of cystic echinococcosis  in Palestine 

 

 Hydatidosis, of which 95% is cystic echinococcosis (CE), is widely spread in all 

Mediterranean basin countries with incidence determined in humans at surgery ranging from 

0.28 in France to 15 cases per 100,000 inhabitants in Tunisia. The disease is highly endemic in 

the whole of the Mediterranean Basin and adjacent countries including Greece, Turkey, Syria, 

Palestine, Lebanon, Jordan, Egypt, Libya, Morocco, Tunisia and Algeria (Craig, et al., 2007). 

Cystic echinococcosis (CE) is still one of the most important zoonotic diseases in the Middle 

East (Craig, et al., 2007). In some of the mentioned countries, both rural and urban communities 

exhibit high transmission rates to humans. This probably results in part from uncontrolled stray-

dogs populations with access to offal, lack of meat inspection and the persistence of extensive 

home slaughtering such in some of the Palestinian areas.  

  

In Palestine, studies on E. granulosus are lacking. However, a total of 390 surgically 

confirmed CE cases were found in the records of surgical hospitals of the West-Bank for an 8-

year period 1990-1997. The overall mean annual surgical incidence was 3.1 per 100,000. The 

highest annual surgical incidence (16.8 per 100,000) was found in Yata town near Hebron (Abu-

Hasan, N., et al., 2002). These data, however, are limited to certain villages and most likely 

represent minimal values. 

  

  

 



  

4 

 

In Palestine, hydatidosis is a reportable disease appearing in the Ministry of Health annual 

report. A study in 2002 revealed the sero-prevalence of CE among school children in Palestine to 

be 2.4% (Adwan et al., 2013). A study in the Nagab area in and around the city of Rahat showed 

that sero-prevalence among human subjects was 1.5 per 100,000 persons (Youngster et al., 

2002). The genotyping of isolated Echinococcus granulosus strains is of paramount importance 

due to difference in life cycles, parasite transmission patterns, host susceptibility to different 

genotypes, different clinical picture in terms of the size of cyst and severity as well as 

geographical distribution of each genotype. (Youngster et al., 2002) (Table 1).  

 

                               Table 1: Human Echinococcus according to MOH in Palestine:  

Year Frequency 

(Number of cases) 

1999 6 

2000 4 

2001 4 

2002 4 

2003 13 

2004 10 

2005 15 

2006 9 

2007 27 

2007 17 

2009 9 
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1.2 Pathology and disease symptoms 

  

 Infected human being by hydatidosis may go on for months or years without showing any 

signs or symptoms of infection. The disease is considered a chronic and cysts in human organs 

may persistent for years without noticing, others cysts may rupture spontaneously or due to 

trauma and disappear entirely (Almulhim et al., 2020). If a cyst continues growing, patients may 

exhibit symptoms gradually due to the cyst making pressure on the surrounding tissue. Sudden 

signs and symptoms are more likely due to rupture rather than the growth of the cyst. Rupture of 

the cyst can induce an IgE antibody mediated hypersensitivity reaction which considered as  life-

threatening (Almulhim et al., 2020). 

 

 The nature of signs and symptoms varies depending on the site of the cyst, which is most 

common in the liver and lung, but can affect other sites including bones, spleen, central nervous 

system, and the heart (kammerer and Schantz, 1993). Most primary infections consist of one 

cyst, but 20 to 40% of patients display multiple organ involvement (kammerer and Schantz, 

1993). While infections can be acquired in childhood, most causes of hydatidosis present later in 

life due to the slow growing nature of cysts, which is approximately about 1cm/year (Almulhim 

et al., 2020). However, cysts in the brain or eye can cause symptoms early on and thus mostly 

present in childhood.  Common findings in liver hydatidosis include abdominal pain, decreased 

appetite, hepatomegaly, a palpable mass, abdominal distention. Common findings in lung 

hydatidosis include chronic cough, chest pain, and shortness of breath (Almulhim et al., 2020).  
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1.3 Morphology of E. granulosus adult stage  

 

 E. granulosus adult stage is about 1-2 cm in length that composed from 3-4 segments 

including scolex. As many other cestode species and specifically those belong to Taenidae 

family, adult worms have cyclophylidean type of scolex with four cup like suckers and two rows 

of circular arranged hooks (armed scolex). E. granulosus worm contain the following strobila 

segments: neck region, immature, and mature segments. In some worms, it is possible still to see 

the gravid segment (proglottid) that harbor the viable eggs (figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Adult of E. granulosus showing the gravid proglottid, mature and immature 

proglottid, and the anterior armed scolex. (Scale-bars: 500 μm, (Heidari, Z. et al., 2019). 
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1.4 E. granulosus Life Cycle 

 

E. granulosus life cycle involves dogs as final hosts and herbivores as definitive hosts, 

while the life cycle of E. multilocularis involves several carnivores such as foxes, 

coyotes, dogs and cats as definitive hosts, and rodents as intermediate hosts (CDC, 2012). 

The exact stages of E. granulosus are depicted in the figure 2 that can be summarized in 

the following points:  

 

1- Echinococcus granulosus adult worm resides in the small intestine of the definitive 

host, and release infectious eggs that are passed in the dogs' feces.  

 

2- Eggs are ingested by a suitable intermediate host, they hatch in the small intestine and 

release six-hooked oncospheres that penetrate the intestinal wall and migrate into various 

organs, such as liver and lungs.  

 

3- In the infected organs, the oncosphere develops into a thick-walled hydatid cyst that 

enlarges gradually, producing protoscolices and daughter cysts that fill the cyst interior. 

 

4- If the infected cyst-containing organs from the intermediate host were eaten by the 

definitive host it becomes infected and protoscolices from the cyst stage will develop into 

adult stages within 32 to 80 days. 

 

5- Human being considered as accidental intermediate hosts, and become infected by 

ingesting eggs that liberate oncospheres which develops into hydatid cysts.  
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        Photo by Center for Disease Control. 

 

 

 

 

1.5 Diagnosis of hydatidosis in human 

  

Evaluation and diagnosis of echinococcosis starts from a thorough history, including a 

history of exposure or immigration from endemic areas, followed by a combination of serology 

and imaging (Symeonidis, N., et al, 2013). Liver function tests are unreliable in detecting the 

severity of disease and are abnormal in only about 40% of patients.  Alkaline phosphatase is the 

one typically elevated, while AST, ALT, and bilirubin levels typically remain within normal 

range. The complete blood count may show eosinophilia (Symeonidis, N., et al, 2013). 

 

Figure 2: Schematic representation of E. granulosus life cycle (CDC, 2012).  

Adapted from CDC/USA. https://www.cdc.gov/dpdx/echinococcosis/index.html 
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Serological testing for Echinoccocus antibodies is a common method for diagnosis in which      

ELISA tests are usually used for this. A confirmatory immunoblot assay for echinococcal 

antigens is carried out following a positive result. However, a significant number of 

echinococcosis patients do not elicit an immune response. Strength and detectability of the 

immune response depend on various factors including cyst viability and cyst wall intactness 

(Zhang, W., et al, 2012). Imaging is extremely useful in detecting and monitoring hydatidosis 

cases, especially those that are seronegative. Ultrasound CT imaging method is the preferred 

modality for liver and intraabdominal hydatidosis, but its accuracy remains operator dependent. 

It remains the modality of choice for screening due to its accessibility and portability. It is also 

helpful in post-treatment monitoring of the disease (Group, W. H. O. I. W., 2003).  

 

1.6 Detection of eggs in definitive hosts 

  

E. granulosus are morphologically indistinguishable from E. multilocularis and most 

Taenia species eggs, so it is not possible to detect the presence of eggs based on microscopic 

examination from fecal samples. Canids cannot be diagnosed by microscope, because these eggs 

are morphologically indistinguishable from those of and the Taenia species. Furthermore, egg 

excretion is often irregular. Proglottids of E. granulosus spontaneously discharged by dogs and 

detected mostly on the surface of fecal samples may allow a correct morphological diagnosis 

(Gottstein et al., 1992). A standard method currently used for surveys of E. granulosus infection 

in dog populations is Arecoline purging which affecting smooth muscle of the small intestine. It 

includes the application of Arecoline to dogs and the examination of fecal material discharged 

after purging (Gottstein et al., 1992). 
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Determining the infection rate in dogs is important for epidemiologic studies and 

surveillance of control programs, and is also useful for assessing the dynamics of transmission 

and the danger of infection. Traditionally, infection in dogs has been determined by identifying 

worms in intestinal washes post mortem, or following Arecoline purgation. More recently, an 

enzyme immunoassay-based coproantigen test has been developed for this purpose (Abbasi et al, 

2003). Coproantigen tests are genus specific with a specificity of approximately 97% (when 

worm burdens are more than 50−100 worms) (Abbasi et al, 2003). However, sensitivity is 

relatively limited, resulting in an overall average test sensitivity of only approximately 60% for 

natural canine E.granulosus infection (Abbasi et al, 2003).  

 

  

E. granulosus is a parasite, which exhibit diversity in their life cycle patterns and host 

range. To date, 10 genotypes of Echinococcus have been identified by molecular genetic analysis 

using mainly mtDNA sequences. E. granulosus genotypes grouped into 4 species: E. granulosus 

(genotypes G1–G3), E. equinus (G4), E. ortleppi (G5) and E. canadensis (G6–G10). E. felidis 

(lion strain) isolated from South Africa has been identified as independent taxon (Sharma, M., et 

al., 2013). 
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1.7 Immune response to Echinococcus 

 

 Parasites generally have invasion methods to infect the host system, it is easier to the 

immune system to response to the early stages of infection. Future survival of parasites indicates 

that they have developed some mechanisms of evasion from host protective immune mechanisms 

to preserve their expansion (Schmid-Hempel, 2009). At the beginning of the infection it was 

found that the immune response is characterized by T helper 1 (Th1) immune responses which 

involves the release of interferon-γ (IFN-γ) and priming by dendritic cells (DCs) with IL-12 

(Rigano et al., 2001). In other studies, it has shown that the secretory antigens of the parasite 

actively influences the host immune response, leading it to Th2 response that is characterized by 

Th2 cytokine profile of IL-4, IL-5, and transforming growth factor beta (TGF-β), with main 

production of IgE antibodies (Rigano et al., 2001). Innate immune cells of polymorphonuclear 

leukocyte, basophil-mast cell and monocyte also participate in local inflammatory reaction to 

parasites. 

 

1.8 Treatment 

 In the past, surgery was the only treatment for cystic echinococcal cysts. Chemotherapy, 

cyst puncture, and PAIR (percutaneous aspiration, injection of chemicals and re-aspiration) have 

been used to replace surgery as effective treatments for cystic echinococcosis (Brunetti et al, 

2010). However, surgery remains the most effective treatment to remove the cyst and can lead to 

a complete cure. Benzimidazole carbamates (mebendazole and albendazole) are anti-helmintic 
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drugs that inhibit the assembly of tubulin into microtubules, thus impairing uptake of glucose 

and interfering with the homeostasis of the parasite. Since their introduction in the 1970s, 

Benzimidazoles have proved effective against the larval stages of E. granulosus (Franchi et al, 

1999). The treatment of alveolar echinococcosis is more difficult than cystic echinococcosis and 

usually requires radical surgery and long-term chemotherapy. 

 

1.9 Characterization of E. granulosus genotypes 

 Strain differentiation of  E.granulosus  is of importance in order to determine the source 

of infection in dogs and the risk of human infection . While the possibility has been raised that 

the sheep strain (G1) is responsible for most human infections by E.granulosus  in the Middle 

East where it  was identified in sheep, camel, horse and cattle; no molecular strain identification 

studies have been done so far in the Middle-East  strain variation on disease in man, transmission 

or control.  

 

 

 

 

1.10  Next generation DNA sequencing 

               Next Generation Sequencing (NGS) is relatively new technology that allows mass 

sequencing of genetic material, and enables the production of a vast array of genomic 

information from many organisms. NGS also called high throughout sequencing method is 

relatively new technology that allows mass sequencing of different DNA fragments from an 

amplification reaction of fragmentation of whole genome  (Besser, 2018); (Bonk et al., 2018); 
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(Mardis, 2013).This technology enables the production of a vast array of genomic information 

from many organisms in parallel and it is provides a separate quantitative counting measurement 

for each sequenced DNA segment type (Bonk et al., 2018); (Salipante et al., 2013).  

 

Adapting NGS technology reduces the cost of DNA sequencing compared to Sanger 

traditional method and this by avoiding time-consuming and tedious traditional cloning steps. In 

NGS sequencing method it is possible to perform millions of sequencing reactions for part of 

whole genes or reactions that involve different amplified PCR segments. 

 

 Sanger sequencing was developed by Fred Sanger in 1977 (Sanger et al., 1977),it can 

determine nucleotide sequence in one amplicon only. The method can sequence a regions of 

DNA up to about 900 base pairs in length. In Sanger sequencing the target DNA is copied many 

times, making fragments of different lengths. Fluorescent “chain terminator” nucleotides mark 

the ends of the fragments and allow the sequence to be determined. 

 

 Next-generation sequencing (NGS), is a modern sequencing technology also known as 

high-throughput sequencing. These technologies allow for sequencing of DNA and RNA much 

more quickly and cheaply than the previously used Sanger sequencing. Development of next 

generation sequencing (NGS) technologies have added to our knowledge greater information that 

exceeded many data obtained by Sanger sequencing, continuous use of this technology is 

expected to secure the establishment of DNA databases for both human genes and plant 

pathogens  (Roossinck, 2017) (Maxwell et al., 2018). NGS emerged in 2005 using commercial 
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Solexa sequencing technology and expanded rapidly to different systems (Liu et al., 2012) 

(Massart et al., 2014). NGS technologies include the following main methods: 

 

 1- Illumina sequencing (sequencing by synthesis) works by simultaneously identifying 

DNA bases, as each base emits a unique fluorescent signal, and adding them to a nucleic 

acid chain. 

 2- Roche 454 sequencing: This method is based on pyrosequencing, a technique which 

detects pyrophosphate release using fluorescence, after nucleotides are incorporated by 

polymerase to a new strand of DNA. 

 3- Ion Torrent sequencing that measures the direct release of H+ (protons) from the 

incorporation of individual bases by DNA polymerase and therefore differs from the 

previous two methods, as it does not measure light. 

  

Although NGS technology initially was used to study whole genomes, a variety of 

approaches that address defined regions of the genome have emerged. There are essentially two 

technical preparatory approaches to explore selected regions of the genome with NGS. The first 

is by PCR, typically involving multiple primer pairs in a mixture that are combined with 

genomic DNA of interest in a multiplex approach to preserve precious DNA. The use of 

multiplex primer pairs couples the high throughput of NGS platforms and the fact that each 

sequence read represents a single DNA product in the mixture due to the nature of the 

sequencing platforms (Mardis, 2013).The second approach involves hybrid capture, which has 

been developed by several groups and commercialized (Albert, 2007) (Gnirke et al., 

2009); (Hodges et al, 2007). 
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Illumina NGS sequencing system is considered the most widely used system; solid-phase 

bridge amplification is used where each end of a DNA template is ligated with adapters. While 

one end of adapter-conjugated DNA fragment is attached to a substrate, the other end makes a 

bridge with immobilized primers and generates clusters of identical template in order to enhance 

the chemiluminescent signal  (Ambardar et al., 2016). This process continues in a cycle in the 

presence of a mixture of four nucleotides, followed by image capture while each nucleotide is 

labeled with a different fluoro-phore. This cycle is repeated until the DNA fragment is 

synthesized to its target length (Maxwell et al., 2018).The basic principle of  Ion Torrent system, 

by sequentially adding nucleotides, the incorporated nucleotide is detected by measuring pH 

change due to the release of H+ ions  (Chen et al., 2018), (Abed et al, 2019). Next generation 

sequencing systems are able to simultaneously read the sequence of millions of short DNA 

fragments (typically 25-400 bps in length)  (Maxwell et al., 2018), (Ravi et al., 2018).  

2.Objectives: 

The main goal of the proposed study is to develop a PCR system that can specifically 

identify cestode parasites in copro-DNA samples. The study based on designing new primers that 

can amplify a DNA segment suitable for sequencing by NGS technology of Illumina platform. 

The specific objectives are: 

1. To design new PCR system that is based on shared mitochondrial sequences among different 

cestode species and to be suitable for DNA amplification from most Teanidae species.  

2. To test the suitability of the designed primers in terms of its sensitivity and specificity to 

amplify E. granulosus mitochondrial DNA and other cestode DNA.  

3. To use the designed and primers to test the presence of E. granulosus target DNA in dog 

fecal samples using PCR technology followed by NGS DNA analysis. 
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3. Materials and methods: 

3.1 Samples 

3.1.1. Dog fecal samples:  

Dog fecal samples were collected from Yatta town located in the southern part of Hebron 

district.  A total of 50 samples were collected from home dogs and sheep owner farmers. For 

each collected sample, 5 grams of fecal materials were collected in 50 ml sterile screw-cap tube 

containing 20 ml 70% alcohol.  

3.1.2. DNA controls:  

DNA samples preserved worms from Al-Quds university collection were used, included 

different Echinococcus species and Teania species.  

 

3.2 DNA extraction   

DNA was extracted from Dog feces in triplicate preparations in order to maximize the 

concentration of the prepared DNA, each time about 0.2 grams of fecal sample were mixed with 

lysis buffer as indicated below. The exact steps of DNA extraction were as the following steps:  

1. 0.2 gram of fecal material was dispensed in a sterile microfuge 

tube and treated with 400 μl of DNA lysis buffer (50 mM NaCl, 10 

mM EDTA, 50 mM Tris-HCL pH 7.4,  1% Triton X-100) to each 

microfuge tube followed by vortexing for 1 minute at room 

temperature. Then 20 μl of 10 mg/ml of  dissolved Proteinase K 

were added (Sigma/Aldrich, Sant-Louis, USA). 

2.  Samples were incubated at 60
o
C for 2 hours to insure complete 

digestion. 
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3. Addition of 0.4 ml Phenol (pH 8.0) (Sigma/Aldrich, Sant-Louis, 

USA), followed by Vortexing for 1 minute and 

microcentrifugation  (14,000 rpm)| for 3 minutes.  

4. Transfer of the top upper aqueous layer (200 μl) into new 1.5 ml 

microfuge tube. 

5. Addition of 8 μl of 5M NaCl (to bring the final concentration of 

NaCl in the tube to 0.2 M) .Followed by direct addition of three 

volumes of cold absolute ethanol.  

6. Tubes were incubated overnight at -70 
o
C.  

7. Tubes were centrifuged at (14,000 rpm) for 10 minutes to 

precipitate  the DNA.  

8. Tubes were washed in 0.3 ml 70% ethanol. 

9. Tubes were decanted and the precipitated DNA was air dried for 

about 10 minutes to remove all the residual alcohol.  

10. To each tube 100 μl of sterile double distilled water was added. 

DNA was suspended in the water by 1 minute vortexing.  

11. At the end each of the three preparations belong to each sample 

were pooled in one tube, and samples were kept at -20
 o
C. 

 

3.3 DNA amplification by polymerase chain reaction (PCR) 

3.3.1. Primers: Parasite's DNA was amplified from the extracted DNA using newly designed 

primers as indicated in the results section. The primers targeted cytochrome C oxidase gene, 18s 

r-DNA gene, and EgG1 Hae III repeat.  The designed reverse and direct primers were indicated 

and separate PCR systems, the exact sequences of these primers and their putative amplified 

DNA amplicon size are indicated in Table 2.  
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3.3.2. Primers designing: Primers were designed first by preparing DNA alignment on the 

website (https://blast.ncbi.nlm.nih.gov/Blast.cgi) to all the species that we looked for. (figure 3) 

shows that we selected the areas that have the same sequence between the parasites that the 

primers can be made. Between these primers, there is almost unique sequence to each parasite 

that can be identified by next generation sequencing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: DNA aligned 18s rDNA sequences for different cestode species. The yellow 

highlighted DNA sequence region represents the primers chosen sites that shows homology 

among all other species.  

E.granulosus      -ctatggtttattggatcgtgcccgttagatggataactgtaataactctagagctaata 59 

E.canadensis      -ctatggtttattggatcgtgcccgttagatggataactgtaataactctagagctaata 59 

E.equinus         -ctatggtttattggatcgtgcccgctagatggataactgtaataactctagagctaata 59 

T.Solium          -ctatggtttattggatcgtacccgttaaatggataactgtaataactctagagctaata 59 

T.saginata        -ctatggtttattggatcgtacccgttaaatgggtaactgtaataactctagagctaata 59 

T.asiatica        -ctatggtttattggatcgtacccgttaaatggataactgtaataactctagagctaata 59 

                   ***************** * * ** ** **** ************************** 

 

H.d                catgccacgaagccctgaccccgctcg--------------------------------- 155 

H.nana            catgccacgaagccctgaccccgggctccc------------------------------ 210 

D.caninum         catgcctcgatgccctgaccgcgctgaccgcttggcgggtctctcgacct---------- 109 

Em                catgcctcgatgccctgaccctgcttgc---------------ttgcgt----------- 93 

E.granulosus      catgcctcgatgccctgaccctgctcgtgtttgccgtgc----ttgcat----------- 104 

E.canadensis      catgcctcgatgccctggccctgctcgtgtttgccttgcttgcttgcat----------- 108 

E.equinus         catgcctcgatgccctgaccctgctcgtgtttgccttgcttgcttgcat----------- 108 

T.hydatigena      catgctttgatgccctgactctgctgtttgcttgcttgcccgctgctgtctagtagtggt 119 

T.Solium          catgcctcgatgccctgactctgtcggcttgctgctt-------gcctgt---------g 103 

T.saginata        catgccccgatgccctgactctgttagcctgctgctgcttgcttgtgtgt---------g 110 

T.asiatica        catgcctcgatgccctgactctgttagcctgctgctgcttgcctgtgtgt---------g 110 

                  *****   ** ****** *   *                                      

 

H.d                ---------------tcggggaatgggtgcacttattagaacagaagccaaccagtacat 200 

H.nana            ---------------tcggggaatgggtgcacttattagaacagaagccaaccagtctcc 255 

D.caninum         ----gccggctggacggcggggatgggtgcacttattagatcagaagccaaccgactgcg 165 

Em                ------------gcggtgggggatgggtgcacttattagaccagaagccaaccaaccaac 141 

E.granulosus      ------------gtggtgggggatgggtgcacttattagatcagaagc----caaccaac 148 

E.canadensis      ------------gtggtgggggatgggtgcacttattagatcagaagc----cagccaac 152 

E.equinus         ------------gtgatgggggatgggtgcacttattagatcagaagc----caaccaac 152 

T.hydatigena      ggcagtaggtaggcagtaggggatgggtgcacttattagatcagaagccaaccaattgtt 179 

T.Solium          ggtaggtggtggcaggcagggtgtgggtgcacttattagatcagaagccaaccaactgct 163 

T.saginata        ggtggtggcgggtaggcagggtgtgggtgcacttattagatcagaagccaaccaactgct 170 

T.asiatica        ggtggtggcaggcaggcagggtgtgggtgcacttattagatcagaagccaaccagctgct 170 

                                    ***  ***************** *******    *        

https://blast.ncbi.nlm.nih.gov/Blast.cgi


  

19 

 

Table 2: PCR systems and the different primers that were used in DNA amplification. 

PCR 

system 

Primers name and sequence Amplicon 

size (bp) 

Accession 

No.  

Melting 

temp. 

 PCR 

system 1 

Eg18S3D: TGGGTGCACTTATTAGATC 

Eg18S3R:CTGTAACAATTATCCAGAGTC 

  

108 bp 

 

AB731639 

 

55
 o
C 

 PCR 

system 2 

EgC1D: TTGATCCDTTRGGWGGK 

EgC1R: AACATATGATTDSCYCMCA 

  

180 bp 

 

KM014610 

 

55
 o
C 

 PCR 

system 3 

Eg18S5D: GGTTTATTGGATCGTACCC  

Eg18S5R:CTGTAACAATTATCCAGAGTC  

  

219 bp 

 

AB731639 

 

55
 o
C 

 PCR 

system 4 

EgC2D: AACATATGATTDSCYCMCA 

EgC2R: GTATCATGDARAAYWTTATCC 

  

240 bp 

 

KM014610 

 

55
 o
C 

 PCR 

system 5 

Eg18S4D: GGTTTATTGGATCGTACCC  

Eg18S4R: GHTCTAATAAGTGCACCCA         

  

111 bp 

 

AB731639 

 

55
 o
C 

 PCR 

system 6  

Eg18S2D: AGATACCGYCCTAGTTCTG 

Eg18S2R: CAGCTTTGCYACCATACT 

  

135 bp 

 

AB731639 

 

55
 o
C 

 PCR 

system 7 

Eg18S1D: TTGAAHAAATTWGAGTGCTC 

Eg18S1R: TGAARACATVCTTGRCRAA 

  

216 bp 

 

AB731639 

 

55
 o
C 

 

The IUPAC code is a 16-character code which allows the ambiguous specification of nucleic 

acids . The code can represent states that include single specifications for nucleic acids (A, G, C, 

T/U) or allows for ambiguity among 2, 3 or 4 possible nucleic acid states. The IUPAC code is, in 

principle, case insensitive, but its established uses generally default to the capital case (Johnson, 

2010). 
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Table 3:  IUPAC code for incomplete nucleic acid specification. 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.3. Polymerase chain reaction:  

 

DNA amplification of Echinococcus DNA was achieved using ready to use dry Taq DNA 

polymerase (Syntezza, Jerusalem). This type of Taq DNA polymerase is ready to use and all 

needed buffer, dNTPs, and a standard concentration of MgCl2 salts. The exact quantities needed 

for one PCR reaction using this type of Taq polymerase tubes, forward and reverse primers: 1l 

(20 pmoles/l) each, pure water and 5 l of DNA sample and double distilled water to a final 

volume of 25 l. In most of the cases more than one sample is tested by each PCR system, so 

enough master mix without the DNA was prepared, aliquot as 20l  into each dry Taq DNA 

polymerase PCR tube, and then adding 5l DNA from each sample is added. 

Symbol Translation 
A A 

C C 

G G 

T T 

U U 

R A 

Y C or T/U 

M A or C 

K G or T/U 

S C or G 

W A or T/U 

H A, C or T/U 

B C, G or T/U 

V A, C or G 

D A, G or T/U 

N A,C,G or T/U 
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The used thermal cycler program was as follows: 

- Complete denaturation: 5 min at 95
o
C. 

- Amplification: 35 cycles: each composed of  

 - Quick denaturation for 30 seconds at 95
o
C. 

 - Primers annealing to target DNA for 30 seconds at the Tm of the used primer. 

 - Extension for 1 min at 72
o
C. 

- A final elongation step at 72
 o
C for 10 min.  

- The amplified DNA was lastly incubated at 4
o
C until PCR tubes were removed from the PCR 

machine (Bio-Rad, USA). 

 

3.3.4. PCR amplification for next generation (NGS) DNA sequence analysis (first PCR): 

For this purpose, the candidate primers that were most effective as judged by band 

intensity in DNA amplification were adapted to be used for NGS analysis. This was done by the 

addition to the 5‟-prime end of specific primers of the following forward and reverse overhang 

adaptors. (Referred to the guideline of 16S Metagenomic Sequencing Library Preparation). 

- Forward adaptor: TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG 

- Reverse adaptor: GTCTCGTGGGCTCGGAGATGTGTATAAGAGAC 

 

So the average length of each primer used in NGS analysis was about 45 bp. The used 

annealing temperatures in NGS first PCR were those shown in Table 2. 
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3.4 Agarose Gel Electrophoreses 

 The produced PCR products were analyzed on a 1.5% agarose gel prepared in 1X TAE 

stock 50X running buffer is : (242g Tris base, 57.1ml glacial acetic acid and 100ml 0.5M EDTA 

(pH 8.0)). The Gene Ruler 50bp DNA ladder (Thermo Scientific, USA) used as DNA size 

marker. The DNA was visualized on imaging documentation system (Dyner, UK) after the 

addition of  10µl of  Ethidium bromide to the running buffer.``````````````` 

 

3.5 Next generation DNA sequence analysis 

For this type of DNA sequence  analysis Illumina Miseq (Illumina, USA) NGS strategy as 

used for Next era microbiome MiSeq DNA analysis was used (Ravi et al., 2018). The protocol is 

based on multiple PCR amplification for each sample followed by DNA sequence analysis of all 

amplified DNA amplicons.  In short, different PCR reactions were performed for each individual 

extracted DNA sample using the PCR systems that were adapted to be used in the Illumina 

MiSeq next generation sequencing (NGS) system.  Each NGS primer is composed of two parts: 

The first part: Direct and reverse primers that are specifically designed to target the specific 

DNA to be amplified (Echinococcus or Taenia parasites). The second part: Universal 5'-tailed 

oligonucleotides (complementary region for R1 connected to the direct primer or R2 connected 

to reverse primer) known as Read 1 and Read 2. These sites will be used later to add sample 

barcodes (indices) and  for DNA sequencing from both sides, Figure 4.  
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Figure 4:  Illumina-MiSeq primers startegy. 

 

 

The first primer (used in the first PCR) composed from two parts: 

1. blue= for the target DNA,  

2. Yellow= for R1 and R2 primers that starts DNA sequence later. 

The second primer is of three parts: 

1. Yellow: complementary to R1 and R2 site (used as sticky sites). 

2. Orange: is the index (i5 Sxx or i7 Nxx). 

3. Pink: region that is complementary to the flow cell oligos. 

 

 

3.5.1. First PCR: Amplification of Parasites DNA from fecal samples and preparation of 

MiSeq DNA library:  

Each extracted DNA sample of the total 50 fecal extracted DNA samples was subjected to 

three PCR systems using specific primers with Illumina overhang region as indicated in figure 4. 

The used PCR systems were: PCR system 1, 2 and 3.After agarose gel-electrophoresis  analysis 
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of each amplified DNA fragments; the three PCR systems for each tested sample were pooled in 

one  PCR tube. The PCR reactions (60 l) were later purified using magnetic beads as indicated 

below.  

 

3.5.2 Purification of first PCR pools using magnetic beads: 

PCR pools for each individual sample were purified uisng AMPure XP magnetic beads 

(AMPure XP beads kit / Beckman coulter, USA).  Purification was performed to remove the 

incorporate dNTPs and the un-used PCR primers used in each PCR reaction. The purification 

was performed according to the following steps:  

1- To each sample (60 l) add 40 l of AMPure XP magnetic beads were added and mixed well. 

2- The mixed PCR and the beads were then kept at room temperature for 5 minutes.  

3- Then the tubes were transferred to 96 wells magnetic plate stand, and left for another 5 

minutes until the beads attach to tube side. (DNA is supposed to bind to the magnetic beads). 

4- The PCR reaction solution was remove by gentile pipetting making without disturbing the 

attached beads. 

5- The remained bound beads then were washed twice with 200 l of freshly prepared 70% 

ethanol. 

6- While the tubes standing in the magnetic plate, all the ethanol used in the washing steps was 

removed, then the magnetic beads left in the magnetic plate and were air dry for about 5 

minutes. 

7- After ethanol was dried from the tubes, DNA was eluted by the addition of  30 l of double 

distilled water. The tubes were left  for about 2-3 minutes and then the eluted DNA (20 l)  

was transferred into fresh tubes to be used in the second PCR for NGS library preparation. It 
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is important to note that the transferred 20l supposed to have a representation of the three 

PCR amplified materials for each analysed single sample. 

 

3.5.3. NGS library preparation: the second PCR used for index addition: 

The second stage PCR was used to attach the dual indices (i5 and i7) linked to Illumina 

sequencing adapters. For this PCR two types of indices were used that represent direct and 

reverse side of each PCR amplicon, the indices are commonly known as: N7XX and S5XX.  

Index additions were performed in ready-mix PCR kit (Syntezza, Jerusalem). The following is 

the composition of each PCR reaction: (reaction total volume= 25l). 

 

NGS library preparation: the second PCR used for index addition: 

- For each index primer  S5 XX and N7 XX (20 pmoles/l), 5l of each primer was 

added. 

- 15 l of DNA (quantity to be transferred directly to this tube at the end of magnetic 

bead purification). 

- Total volume 25 l. 

The PCR was performed on Thermo-cycler using the following program: 

 - 5 min at 95
o
C. 

 - 12 cycles: each composed of: 

  - 30 seconds at 95
o
C. 

  - 30 seconds at 55
o
C. 

  - 30 seconds at 72
o
C. 
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 - A final elongation step at 72
o
C for 5 min.  

Representative samples were analysed by Agarose gel electrophoresis in order to prove the 

success of dual index addition.  

3.5.4. Final PCR pooling and preparation of Miseq NGS library: 

After indices addition by the second PCR, all the PCR reactions were purified for the 

second time using the AMPure XP magnetic beads as indicated above. Then and after the final 

purification all the individual eluted PCRs were pooled into one tube (pooling all the 3 PCR 

systems applied for each samples; a total of 50 samples). This pooling was done by mixing 10 l 

from each eluted PCR product.  At this stage the library is ready for next generation DNA 

sequencing (NGS), the NGS DNA sequence was done as outsourcing service Company 

(sequencing was done on Miseq machine using 500 cycle kit from Illumina, USA).  

3.6 Bioinformatics analysis 

 Raw Illumina sequencing data were generated from all analyzed PCR amplicons as 

FASTQ files of read1 (forward) and read2 (reverse) for each individual sample. These sequence 

reads were uploaded to Galaxy platform at (usegalaxy.org) for further sequence processing and 

analysis (Afgan, 2016). Initially raw sequences were filtered for quality control at a phred score 

of 20 equivalent to 99% confidence of each nucleotide, followed by merging forward and reverse 

reads, the amplified specific genes were selected according to their specific sequence length and 

sequence identity. The selected sequence reads from each soil and plant leaves were analyzed for 

sequence homology above 97% using BLAST analysis tools in order to determine number of 

reads related to specific microbiome or fungi operational taxonomic unit. 
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4. Results 

4.1 Problem identification of E. granulosus diagnosis in dogs definitive host 

             The main objective of this study was based on obtained results related to epidemiological 

survey handling the prevalence of echinococcus parasite in dogs using previously known 

molecular method normally used for this purpose (Abbasi et al, 2003).  Surprisingly the two used 

PCR systems   reveled large number of infected dogs after examining DNA that was extracted 

from the collected dog fecal samples.  Figure 5 shows agarose gel electrophoresis an alysis of the 

amplified E. granulosus mitochondrial cox1 gene, the results clearly indicated the presence of 39 

positive samples from the total analyzed 40 samples (97.5%) . The same exact results were 

obtained upon retesting the same samples (an amplification band of 446bp size) with another 

already published and widely used PCR system that targets  a repetitive gene (EgG1 Hae III 

repeat) in E. granulosus genome (Abbasi et al, 2003).  Figure 6, shows the results of the obtained 

bands using this PCR that indicates the presence of 38 positive samples out of 40 tested samples 

(95%). A positive PCR was indicated by the presence of the main repetitive band that measured 

about 269 bp and the second repetitive fragment band measured about 538 bp. Efforts were done 

to confirm the positivity of these results by applying DNA sequence analysis. Having sequencing 

information from these bands was not possible, it was obvious for the second PCR targeting the 

E. granulosus repetitive gene; since many bands were amplified and conventional Sanger DNA 

sequencing method was not effective. However, in case of the COX1 amplified bands that were 

discrete and representing one type of amplicon, the sequence information was containing many 

unknown bases (N), and this indicated the presence of several amplicon types with the same 

band size. For this reason, more specific primers that could give accurate and reliable results, 

without the need for further DNA sequence analysis were sought.  
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Figure 5: PCR amplification of E. granulosus COX1 gene fragment targeting DNA 

extracted from dog fecal samples. Arrow indicates the expected band size (446 bp).  

Figure 6: PCR amplification of E. granulosus repetitive gene fragment (EgG1 Hae III repeat) 

targeting DNA extracted from dogs fecal samples. Arrow indicates the expected band size 

(446 bp).  
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4.2 Designing new specific primers for E. granulosus DNA amplification suitable for NGS 

analysis 

 Attempts were done to design new primers to be used in NGS DNA sequence analysis, 

these primers were selected from the mitochondrial genes. For this purpose 18s rDNA genes and 

COX1 mitochondrial genes for different cestode species were selected from GenBank and 

aligned for primer selection. Selected genes were for the following cestode parasites: 

E.granulosus, Echinococcus equinus, hymenolepis nana, Dipylidium caninum, Taenia 

hydatigena, T.Solium, T.saginata, T.asiatica. The main criterion and criteria for the selected 

primers were to have a conserved sequence among all aligned sequences. This will enable 

amplification of most cestode species and then further discrimination upon DNA sequence 

analysis. Figure 7 shows an example of aligned 18s r-DNA genes for different cestode species.  

  

Based on different aligned sequences it was possible to identify 7 sets of direct and reverse 

primers that represent 7 different PCR systems. The sequence details of these PCR systems and 

the length (in bp) of the amplified  DNA fragment are shown in Table 2 in material and methods. 

For NGS DNA based amplicon sequencing analysis a PCR system that amplified a DNA 

segment between 200-300 bp is the best size for this type of analysis, taking into account that the 

maximum length of any DNA segment to be analyzed by such method is a maximum of 500 bp. 

(Referred to the guideline 16S Metagenomic Sequencing Library Preparation). 
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Beside the indicated 7 PCR systems targeting 18s r-DNA or the COX1 genes, another extra PCR 

systems was designed that was based on the known E. granulosus repetitive DNA segment The 

primers were designed to amplify a DNA fragment of about 200 bp (Figure 8).  

 

 

 

 

 

 

 

 

 

 

 

Figure 7: E. granulosus repetitive DNA segment that was used for new primer design. The 

yellow highlighted region represents the sites of direct and reverse primers.   

 

4.3 Testing the utility of the candidate primers in amplification of target  E. granulosus 

DNA 

 The selected primers were examined if they were able to produce one nanogram of pure 

DNA of  E. granulosus, T.  saginata, and  T.  hydatigenia. From the newly designed seven 

primers only two primers were to have successful amplification . PCR system 1 and PCR system 

3 (Table 2). These PCR systems were able to purify DNA from the indicated three  cetsode 

species, representing different groups of Taenia parasites. Similarly, the designed primers that 
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were based on the known repetitive E. granulosus DNA segment, amplified  1ng of pure 

genomic DNA from the three tested species (Figure 8). This extra PCR system was named PCR 

system 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: PCR amplification of pure genomic DNA using the newly designed primers. 

Pure genomic DNA (1ng) was used in this amplification from different cestode species: 1: 

E. granulosus, 2: T.  saginata, 3: T.  hydatigenia, 4: negative control, M: DNA size 

marker. 
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 Table 4 shows the names of the newly designed primers of the three PCR systems that 

were used in this study. In order to simplify and have easier follow up of the PCR systems, they 

were renamed as the following: PCR sys 1, sys 2, and sys 3. In (table 4) new primers are 

indicated.  

Table 4: PCR systems and their primers' DNA sequence information. 

 

The Tm of these primers was 60 °C. 
 

Note: The exact primers sequences is highlighted in yellow, while the other sequence region 

represents the reverse and direct adapters that are used in adapting these primers to be used in 

NGS analysis.  

 

 

 

 

 

 

PCR 

system 

Primers name and sequence Amplicon 

size (bp) 

Target gene 

 PCR 

SYS 1 

Sys1DNGS:TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTT

GAAHAAATTWGAGTGCTC 

 

Sys1RNGS:GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGT

GAARACATVCTTGRCRAA 

  

108 bp 

Mitochondrial 

18s r-DNA 

 PCR 

SYS 2 

 

Sys2DNGS:TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGG

TTTATTGGATCGTACCC  

 

Sys2RNGS:GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGC

TGTAACAATTATCCAGAGTC 

  

219 bp 

Mitochondrial 

18s r-DNA 

PCR 

SYS 3 

SYS5DNGS:TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGACTGGGG

AGGGCTTTTGGTGTT 

 

SYS5RNGS:GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCTTATT

TTCAATTGGTTGGATTTGCC 

 

152 

 

EgG1 Hae III 

repeat 
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4.4 Sensitivity test of the new designed primers 

The three designed PCR systems were tested for their sensitivity limit in amplifcation of 

pure E. granulosus genomic DNA. Several two fold dilutions of E granulosus were made 

starting from 0.1 ng/l, the used final DNA concentrations were (0.1, 0.05. 0.025. 0.01. 0.005, 

0.0025 ng/l).  PCR system 1 proved to be the most sensitive test used among the three systems, 

since it was possible to amplify all the diluted DNA concentration and the end-point of the 

lowest dilution was not reached (Figure 9). PCR system 2 and system 3 showed less 

amplification sensitivity than PCR system 1 and both reached to a sensitivity limit of  0.01 

(ng/l).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: PCR sensitivity test of the three candidate PCR systems. Several 

dilutions of E. granulosus genomic DNA control was used (1:0.1 ng/l, 2: 

0.05 ng/l. 3: 0.025 ng/l. 4: 0.01 ng/l. 5: 0.005 ng/l, 6: 0.0025 ng/l). M= 

DNA size marker. 
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4.5 Specificity test of the candidate PCR systems 

 The three PCR systems were examined for their potential to amplify pure genomic DNA 

from different cestodes species, namely the following species were used in this specificity study 

(E. granulosus. E. multilocularis, Taenia serialis, T. pisiformis, T. ovis, T. hydatigenia, 

Multiceps multiceps, D. caninum). PCR system 1 that targeting 18s rDNA fragment was able to 

amplify all the tested species with relatively similar strength of amplification (Figure 10). 

Similarly, and as seen in (figure 10) PCR system 2 that also targeted 18s rDNA fragment could 

amplify DNA from all the tested species. PCR system 3 was less effective than the other two 

systems, although amplification of most examined species was positive but amplified bands were 

less intense than the other systems suggesting sensitivity as observed in (figure 10). It is worth to 

mention that the amplified bands from most species have relatively the same size, and this is not 

affecting the purpose of this study, as NGS of DNA should will discriminate between the 

different species. In addition, it is known from the primer design that there is enough sequence 

differences between all cestode species and only the primers were constructed from the 

conserved sequences. 
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Figure 10: Specificity test of the three candidate PCR systems. The three PCR 

systems were used to amplify 1ng/l of different genomic DNA extracted from 

the following cestode worms: (1-5: E. granulosus. 6: E. multilocularis, 7: Taenia 

serialis, 8: T. pisiformis, 9: T. ovis, 10-11: T. hydatigenia, 12-13: Multiceps 

multiceps, 14-15: D. caninum). M: DNA size marker. 
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4.6 Appling PCR systems to DNA extracted from dog-fecal samples 

 The three developed PCR systems were applied in PCR amplification targeting DNA 

extracted from dog fecal samples. A total of 50 samples that were collected from Yatta town 

were used in this part of the study. Figures 11-13 shows agarose gel electrophoresis analysis of 

the produced amplicons from the three different PCR systems. It is clearly seen that PCR system 

1 showed the highest number of amplified bands from the total examined samples, and almost no 

sample showed amplification products using PCR system 1 and only few amplified bands were 

seen upon the use of PCR system 3. At that stage, it was not possible to calculate the number of 

positive samples, for accuracy and confirmation positivity had to be based on DNA sequence 

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: PCR amplification targeting 50 DNA samples extracted from dog fecal 

samples using PCR system 1. 
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Figure 13: PCR amplification targeting 50 DNA samples  extracted from 

dog fecal samples using PCR system 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: PCR amplification targeting 50 DNA samples extracted from dog fecal samples using PCR 

system 2. 
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3.7. NGS library preparation and bioinformatics analysis:  

 

 

 

 

 

 

4.7 NGS library preparation and bioinformatics 

4.7.1. Library pooling and purification:  

  

                As it was indicated in material and methods, NGS library was prepared at two stages: 

the first PCR, which was represented by the three used PCR systems, and then the second PCR 

that included individual sample labeling by specific barcodes. So, for library preparation all the 

products of the three PCR systems for each individual sample from of 50 samples were pooled 

together, then each sample was labeled by two indices (Nxx and Sxx). All the labeled samples 

were then pooled in one tube after primer cleaning from all samples using magnetic beads and 

analyzed for their suitability for NGS analysis. (Figure 14) shows the (Tap-station) fluorescent 

DNA gel electrophoresis analysis of the pooled and purified library.   

 

 

 

 

 

Figure 13: PCR amplification targeting 50 DNA samples extracted from dog fecal 

samples using PCR system 3. 
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The analysis shows an abundance of most amplified bands by the three PCR systems, it is worth 

mentioning that all the expected bands had gained about 80 bp after the addition of the dual 

indices on both sides.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.7.2. DNA sequence data analysis and bioinformatics: 

 MiSeq DNA sequence analysis was performed for each pooled sample, the obtained 

sequencing data received as  FASTQ files for each individual sample. For each of the 50 

analyzed samples, direct and reverse reads files were received (known as Read 1 and Read 2 

respectively), so in a total of 2 FASTQ files were processed for each individual sample. The files 

were uploaded on Galaxy.org bioinformatics online software, and sequences of each sample   

 

Figure 14: Tap-station fluorescent DNA gel electrophoresis 

analysis. 1 and 2 represents two different trials of analysis for 

the same NGS prepared and purified library. Bands are 

concentrated in the a range between 200-500 bp.  
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were processed separately.  A workflow was used in this analysis that included the following 

steps:  

1- Compiling read 1 and read 2 amplicons for each sample (at least one thousand 

sequences for each sample were joined). 

 2- Transforming FASTQ files into FASTA files. 

3- Size selection for amplicons from PCR system 1 (223-224bp) and PCR system 2 (216). 

 4- Collapsing all sequences in one file. 

 5- Fetching similarity in GenBank using BLAST tool from NCBI/NIH.   

  

 After analysis it was possible to detect two amplicon types that were related to PCR 

system 1 and PCR system 2. The precise identification was based on selection based on sequence  

length and then selection based on DNA sequence of each selected amplicon. Table 5, represents 

a summary for the obtained results from PCR system 1 and PCR system 2. The total number of 

samples that had E. granulosus DNA amplicons was found to be 12 in PCR systems 1 and it was 

only three in PCR system 2. No Echinococcus DNA sequences were recovered using PCR 

system 3, and this has two reasons as it will be discussed later. The obtained sequences showed 

(97-99)% similarity with 18s rDNA gene of Echinococcus species as seen in figures 16 and 17.  

Table 5: Summary results of NGS of Echinoccocus DNA sequence analysis for both PCR 

system 1 and PCR system 2. 

  

PCR system Amplicon size 

(bp) 

Total 

positives 

Positive samples 

1 223-225 12 1, 4, 8, 18, 24, 27, 30, 31, 35, 48, 49,50.  

2 216 3 48, 49, 50 
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Figure 15: PCR system 1 amplicon DNA sequence analysis.  The figure include 224 bp sequence 

of one of the samples, its alignment with E. granulosus , and its similarity to the highest five 

BLAST scores from the GenBank. 

 

 

 

 

>2-129 

GGTTTATTGGATCGTACCCGTTAGATGGATAACTGTAATAACTCTAGAGCTAATACATGCCTCGATGCCCTGACC

CTGCTCATGTTTGCCTTGCTTGCATGTGGGGGGGATGGGTGCACTTATTAGATCAGAAGCCAACCAACTGTGCGT

GTGCAGCTCACTGCGAGGTGGACGTCGCGTGCGTTGAGACACTTACTTCTGGTGACTCTGGATAATTGTTACAG 

Echinococcus granulosus 18S ribosomal RNA gene, complete sequence 
Sequence ID: U27015.1 

  
Score 

Expect Identities Gaps 
 

398 bits(215) 7e-107 221/224(99%) 0/224(0%) 
 

 

Query  1    GGTTTATTGGATCGTACCCGTTAGATGGATAACTGTAATAACTCTAGAGCTAATACATGC  60 

            ||||||||||||||| |||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  113  GGTTTATTGGATCGTGCCCGTTAGATGGATAACTGTAATAACTCTAGAGCTAATACATGC  172 

 

Query  61   CTCGATGCCCTGACCCTGCTCATGTTTGCCTTGCTTGCATGTgggggggATGGGTGCACT  120 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  173  CTCGATGCCCTGACCCTGCTCATGTTTGCCTTGCTTGCATGTGGGGGGGATGGGTGCACT  232 

 

Query  121  TATTAGATCAGAAGCCAACCAACTGTGCGTGTGCAGCTCACTGCGAGGTGGACGTCGCGT  180 

            ||||||||||||||||||||||||||||| |||||||||||||||||||||||||||||| 

Sbjct  233  TATTAGATCAGAAGCCAACCAACTGTGCGGGTGCAGCTCACTGCGAGGTGGACGTCGCGT  292 

 

Query  181  GCGTTGAGACACTTACTTCTGGTGACTCTGGATAATTGTTACAG  224 

            |||||||||||||||||||||| ||||||||||||||||||||| 

Sbjct  293  GCGTTGAGACACTTACTTCTGGAGACTCTGGATAATTGTTACAG  336 
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Figure 16: PCR system 2 amplicon DNA sequence analysis.  The figure include 216 bp sequence 

of one of the samples, its alignment with E. granulosus , and its similarity to the highest five 

BLAST scores from the GenBank. 

 

 

 

 

 

>7-2 

TTGAATAAATTTGAGTGCTCAAGTCAGGCCGATGTTGCCTGTAAAGTTTTGCATGGAATAATGGAAGAGGACTTCGGT

TCTATTTCGTTGGTTTTCGGATCCGAAGTAATGATCAAAAGGAGCAGGCGGGGGCGTTTGTATGGCTGCGCTAGAGGT

GAAATTCATGGACCGTAGCCAGACAAACTAAAGCGAAGGCATTCGTCAAGCATGTCTTCA 

Echinococcus felidis gene for 18S rRNA, partial sequence, sample code: EfelUganda 

Sequence ID: AB731638.1 

 

Score Expect Identities Gaps 

377 bits(204) 9e-101 212/216(98%) 0/216(0%) 

Query  1     TTGAATAAATTTGAGTGCTCAAGTCAGGCCGATGTTGCCTGTAAAGTTTTGCATGGAATA  60 

             ||||| |||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1052  TTGAACAAATTTGAGTGCTCAAGTCAGGCCGATGTTGCCTGTAAAGTTTTGCATGGAATA  1111 

 

Query  61    ATGGAAGAGGACTTCGGTTCTATTTCGTTGGTTTTCGGATCCGAAGTAATGATCAAAAGG  120 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  

Sbjct  1112  ATGGAAGAGGACTTCGGTTCTATTTCGTTGGTTTTCGGATCCGAAGTAATGATCAAAAGA  1171 

 

Query  121   AGCAGGCGGGGGCGTTTGTATGGCTGCGCTAGAGGTGAAATTCATGGACCGTAGCCAGAC  180 

             | |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1172  AACAGGCGGGGGCGTTTGTATGGCTGCGCTAGAGGTGAAATTCATGGACCGTAGCCAGAC  1231 

 

Query  181   AAACTAAAGCGAAGGCATTCGTCAAGCATGTCTTCA  216 

             ||||||||||||||||||||||||||||||| |||| 

Sbjct  1232  AAACTAAAGCGAAGGCATTCGTCAAGCATGTTTTCA  1267 

 

Echinococcus canadensis gene for 18S rRNA, partial sequence  388 388 100% 4e-104 99.07% AB731642.1  

Echinococcus ortleppi gene for 18S rRNA, partial sequence  388 388 100% 4e-104 99.07% AB731641.1  

Echinococcus granulosus gene for 18S rRNA, partial sequence  388 388 100% 4e-104 99.07% AB731639.1  

Echinococcus felidis gene for 18S rRNA, partial sequence, sample code: EfelUganda  388 388 100% 4e-104 99.07% AB731638.1  

Echinococcus equinus gene for 18S rRNA, partial sequence  383 383 100% 2e-102 98.61% AB731640.1  

Echinococcus shiquicus gene for 18S rRNA, partial sequence  383 383 100% 2e-102 98.61% AB731635.1  

Echinococcus multilocularis gene for 18S rRNA, partial sequence  383 383 100% 2e-102 98.61% AB731634.1  

Echinococcus granulosus 18S ribosomal RNA gene, complete sequence  383 383 100% 2e-102 98.61% GQ260092.1  
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5. Discussion: 

             Cystic echinococcosis or hydatidosis is a serious and chronic zoonotic disease in humans 

with cosmopolitan distribution and is especially prevalent in sheep-raising countries. The 

causative organism, the dog tapeworm Echinococcus granulosus, is transmitted cyclically 

between canines and numerous herbivorous livestock animals, which can serve as intermediate 

hosts. The disease is accidently diagnosed in children and normally it is diagnosed in older 

individuals and this due to the time needed for the larval stage of the parasite (hydatid cysts) to 

develop in the infected organ (liver, lungs, spleen, and in some cases the brain). So, the early 

detection of cystic echinococcosis in infected individual may prevent further development of the 

hydatid cysts in the human body and avoiding future hospitalization and surgical removal of the 

cyst. Identification of intermediate infected animal hosts and subsequent parasite control should 

prevent human infections. 

            In the southern West Bank, especially in the town of Yatta, it is the largest flat, open area 

in the West Bank where there are large population of stray dogs and other wild carnivores living 

near human habitations, as well as several sheep, and cow farms. Farmers slaughter livestock at 

home, and inappropriate discarding of remains to the dog contributes to spreading the disease.  

The dangerous situation is clearly indicated in the study in previous studies, sero-prevalence of at 

least 2.6/ per 100,00 among school-aged children (Abu-Hasan, N., et al., 2002). Also, this was 

emphasized by the statistics information of the Ministry of Health for 2011 in the West –Bank, 

since the prevalence of hydatidosis was shown to be (3.1 per 100,000) in human.  
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 Determination of E.granulosus infection in dogs is very important for evaluating the risk 

of infection and for identifying new foci of active infections and for evaluating the efficacy of 

control programs. Identification of E. granulosus in intestinal washes or following arecoline 

purgation of canines has been traditionally used for this purpose. The coproantigen tests 

facilitated large-scale screening of definitive hosts, the need for improved detection sensitivity 

and for species-specific detection prompted the development of suitable molecular tools. 

             

 This study started by epidemiological survey of echinococcosis in Yatta town using a 

well-known two PCR systems that were reported to specifically amplify E. granulosus COX1 

DNA from dog fecal samples (Abbasi et al, 2003), (Craig, et al., 2007), (Adwan et al., 2013). 

The results of this study showed a high positivity for the detection of the parasite from the 

examined samples (Figure 5 and 6). To confirm these results further DNA sequence analysis was 

done, and it was not easy to have DNA sequence data from the amplified products by Sanger 

DNA sequence analysis.  Sanger DNA sequence analysis is not possible if there is more than one 

type of amplicons of the same size or of different sizes, and this is the situation in the used two 

PCR system (repetitive PCR and COXI PCR system), many un-identified nucleotides sequences 

appeared as (N). This problem can be resolved only of the expected DNA fragment of the 

parasites (if it is there) was cloned and then sequenced, and this is very difficult to be done for 

many samples at once. 

               For accurate evaluation of dog infection by E. granulosus new primers were designed 

and adapted in NGS DNA analysis. The selected target genes for this purpose were mainly the 

18s rDNA and COX1 mitochondrial genes, beside the known E. granulosus repetitive DNA 

segment (EgG1 Hae III repeat). Seven candidate PCR systems were developed based on the 
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mitochondrial genes and one based on E. granulosus repetitive segment.  Upon experimental 

examination of the designed primers for these PCR systems, only two systems were based on 18s 

r-DNA showed a successful DNA amplification targeting pure E. granulosus DNA and a third 

system that was based on E. granulosus repetitive region.  The designed primers in this study 

were constructed from shared regions by from cestodes that belong to Taenidae family 

(E.granulosus, D.caninum, E.equinus, H.nana, Dipylidium caninum, Taenia hydatigena, T. 

Solium, T. saginata, T. asiatica) (Figure 3). This strategy was followed in constructing primer 

pairs that can amplify DNA for most possible cestode species, since this PCR system will 

followed by NGS analysis that is able to identify the specific parasitic infection even if more 

than one species co-existed. Based on personal communications with veterinary doctors working 

in the same field, they reported the presence of Dipylidium caninum, Taenia hydatigena, beside 

dog infections by E. granulosus. Therefore, in the absence of specific PCR system that amplifies 

E. granuolosus DNA found in dog fecal materials it may result in over-estimation of dog 

infections by E. granulosus. To avoid this situation, use of general primers that could amplify 

many Taenidae species (Figure 10) and to do further DNA sequencing for each amplicon by 

NGS analysis could resolve this problem. 

 

Regarding the sensitivity test, tow fold of serial dilution did not show us the final 

concentration that the primer can amplify in PCR sys 1, so 10 fold of serial dilution is preferred 

to be done to the three PCR systems to reach the sensitivity limit.  
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Using NGS sequencing approach it is possible to use universal primers that amplify a 

group of pathogens such as the 16S rRNA genes for bacterial species (Barghouthi, 2011),the 18S 

rRNA for fungal pathogens  (Colabella et al., 2018); (Imabayashi et al., 2016), primers that 

amplify all related DNA segments, and later all produced amplicons could be sequenced 

independently from each other. The obtained results will include thousands of sequences from 

each type of amplicon that reflects its abundance and nature.  

                

The received sequencing data for the 50 analysed samples exceeded 1 Gigabit of DNA 

sequencing data, and this because all the represented DNA amplicons in each sample was 

sequenced. These files are of FASTQ type that shows the DNA sequence information with its 

quality score determined by the MiSeq sequencing machine. All these files were transformed 

into FASTA files that can be managed by the online bioinformatics software (Galaxy.org). As 

indicated in material and methods; a workflow was developed to select E. granulosus specific 

sequences based on sequence size selection and further confirmation by BLAST analysis. It was 

noticed first that there are many sequences that don't have the exact DNA amplicon size 

amplified by the it‟s specific PCR, these sequence were belong to fungal organisms that its DNA 

was extracted as well in from the dog fecal samples.  

 

The exact length of E. granulosus specific amplified sequences were (223-225) bp for PCR 

system 1 and 216 bp for PCR system 2. Based on this finding the total number of infected dogs 

by E. granulosus was found to be 12 from a total of 50 revelled by PCR system 1 and 3 from a 

total of 50 revelled by PCR system 2. All the positive samples that were revelled by PCR system 

2 were also detected positive by PCR system 1. So the total number of E. granulosus positive 
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samples is 12 out 50, which equals to 24%, and this is consistent with many studies in the region 

that estimated the number of dogs infectivity by E. granulosus using traditional methods for 

worm detection including Arecoline purging tests.  

 

The NGS DNA sequence data did not show any specific sequences of PCR system 3 that 

has an amplicon size of about 150 bp. This could be due to the our strategy that was used in the 

NGS library preparation and the use of magnetic beads for amplicon purifications. Upon 

magnetic beads purification we used a ratio of 0.6% of magnetic beads to PCR products, and it is 

known that this ratio will eliminate all bands that are less than 200 bp and this included the 150 

bp of the PCR system 1 amplicons. We were urged to do this harsh purification and this in order 

to clean all the produced primer dimers in this range, because these primers can affect adversely 

the quality of the produced DNA sequence data. 
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