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ÖZET 
Kistikekinokokkozis (KE), tüm dünyaya yayılan, büyük bir hastalık yüküne neden olan ve ara konaklarda 
uzun süreli hidatik kist büyümesi ile karakterize, kronik zoonotik bir hastalıktır. KE etkeni olan Echinococ-
cusgranulosus, çoğunlukla karaciğerde (%65-70) ve akciğerlerde (%20-25) ve diğer organlarda (%2 böbrek, 
%2 dalak ve %2'den az beyin vb.) hidatik kistlere neden olmaktadır. KE tanısı klinik bulgulara, görüntüleme 
yöntemlerine, serolojik ve moleküler tekniklere dayanır. Hasta serumundaki Echinococcus DNA'sının belir-
lenmesi tanıda invaziv olmayan uygulanabilir bir yöntem olabilir. Şimdiye kadar, farklı E. granulosusgenotip-
leri, insanlardan ve diğer ara konaklardan moleküler teknikler kullanılarak tanımlanmıştır. Ama şimdi mole-
küler yaklaşımlar sadece DNA seviyeleriyle değil, aynı zamanda RNA seviyeleriyle de sınırlıdır. Özellikle 
genomik, proteomik, mikrodizi ve yeni nesil dizileme analizlerindeki yeni gelişmeler, tanı, aşılama ve kemo-
terapi için ek hedeflerin belirlenmesinde faydalı olacaktır. Yüksek çıktılı analiz yöntemlerinin kullanılması, E. 
granulosus ile konakları arasındaki etkileşim mekanizmasının temelini oluşturmaya yardımcı olabilir. Böylece, 
elde edilen yeni bilgiler, E. granulosus enfeksiyonunun yeni tedavi ve tanısal hedeflerini geliştirmek için kul-
lanılabilecektir. 
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ABSTRACT 
Cystic echinococcosis (CE) is a chronic zoonotic disease which is distributed all over the world, causes a large 
disease burden, and characterized by prolonged growth of hydatid cysts in intermediatehosts. Echinococcus 
granulosus which is a CE agent and causes hydatid cysts in mostly in liver (65-70%) and lungs (20-25%) but also 
other organs (kidney 2%, spleen 2% and brain less than 2%, etc.). The diagnosis of CE is based on clinical 
findings, imaging techniques, serological and molecular technics. Identification of Echinococcus DNA in patient 
serum may be an applicable non-invasive method in the diagnosis. Up to now, different genotypes of E. gra-
nulosus have been identified by using molecular techniques from humans and other intermediate hosts. But 
now, the molecular approaches are not restricted to DNA levels but also to RNA levels. Especially new deve-
lopments in genomics, proteomics, microarray, and next generation sequencing analysis will be useful for the 
identification of additional targets for diagnosis, vaccination, and chemotherapy Using high through put 
analysis methodologies can help to underly the mechanism of interaction between E. granulosus and its hosts. 
So, obtained new informations will be used to develop new therapeutic and diagnostic targets of E. granulosus 
infection. 
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INTRODUCTION  

Cystic echinococcosis (CE) is a zoonotic disease 

distributed worldwide, causing an enormous 

disease burden, and characterized by prolonged 

growth of hydatid cysts in intermediate hosts. 

Echinococcus granulosusis a CE agent. Adult E. 

granulosusdevelops in the herbivores such as 

dogs, foxes, wolves which are the definitive hosts 

of E. granulosus and locates in the small intestine. 

Herbivores and humans (which is accidental) are 

intermediate hosts. CE typically affects the liver 

and lungs by accidental ingestion of eggs of the 
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E.granulosus. The larval stage of tape worm in-

fects humans, and hydatid cysts exist mostly in 

the liver (65-70%) and lungs (20-25%) but also 

other organs (kidney 2%, spleen 2%, and brain-

less than 2%) (Altintas, 2003; McManus et al., 

2003; Moro and Schantz, 2009). Several E. granu-

losus genotypes are recognized in which some of 

them have distinct intermediate host preferences. 

However, not all genotypes cause infections in 

humans. The genotype causing CE infections in 

humans are sustained in a dog–sheep–dog cycle 

(Thys et al., 2019). 

Cystic echinococcosis is a significant helminthic 

disease in Turkey, presenting a public health and 

economic problem because most people live in 

upstate and are dealing with husbandry (Altintas, 

2003). Ministry of Health reported 408 annual 

cases in 2008, and the number is increasedto 1,702 

by the end of 2019. The morbidity was reported 

as 0.57 per 100.000 in 2008 and as 2.08 in 2019 

(Altintas et al., 2020). 

Cystic echinococcosis is characterized by the 

long-term growth of hydatid cysts filled with 

hydatid cyst fluid (HCF) and protoscoleces in 

humans. The diameters of cysts generally in-

crease 1-5 cm each year. CE can be represented by 

a wide range of clinical signs that depend on the 

cyst's location. The cysts' growth rates may vary 

depending on being in the same organ or within 

the same individual and between individuals in-

various regions (Altintas et al., 2020). 

CE's annual global costisestimatedtobemore than 

$750 million for human infection and more than $ 

2 billion for livestock infection (WHO, 2017). 

Diagnosis 

CE diagnosis is based on clinical findings, imag-

ing techniques, and serology. The presence of 

protoscoleces can be shown by microscopic ex-

amination of the fluid (Brunetti et al., 2010). 

Many factors including the numberand stage of 

the cysts and the cyst's location are used in CE 

prognosis. Therefore, the management of the 

disease is very complicated. Radiography, ultra-

sonography (US), computerized tomography 

(CT), and magnetic resonance imaging (MRI) 

could be useful diagnostic methods for human 

CE. Ultrasonography is a useful technique to di-

agnose both CE and alveolar echinococcosis (AE) 

and should be validated by CT and MRI. Besides, 

it is the basis of CE diagnosis in abdominal loca-

tions (Macpherson and Milner, 2003). The WHO 

echinococcosis expert group has established an 

international classification of ultrasound images 

of the CE, which in principle should be used 

when a US diagnosis is made. Laboratory diag-

nosis for human CE is primarily serological tests. 

The current gold standard serodiagnosis is based 

on detecting IgG antibodies against native or re-

combinant antigen B subunits derived from cyst 

fluid in Enzyme-Linked Immunosorbent Assay 

(ELISA) or in immunoblots (Craig et al., 2007). 

Ancillary methods are mainly based on the detec-

tion of serum antibodies against HCF but rise to 

false-positive results obtained depending on 

cross-reactive antigens ofHCF. In addition, some 

patients can be tested negative inspite of suffer-

ing from the disease. Now with the new recom-

binant techniques can define various recombinant 

antigens derived from E. granulosus. The combi-

nation of several methodologies, including anti-

body- antigen detection and recombinant anti-

gens, could give rise to the performance of the 

adjunctive laboratory methods, enabling In-depth 

understanding ofhost-parasite relationships and 

parasite phenotype at different developmental-

stages to get the best diagnostic tool and make it 

available to use it in clinical practice. 

Molecular Epidemiology 

Echinococcus granulosus is the major zoonosis for-

cystic echinococcosis, and there is growing evi-

dence that they are excellent models for studying 

host-parasite cross-talk between two mammalian 

hosts. It is essential to understand the biology of 

parasites to enlighten the mechanisms involved 

in how the parasite causes chronic disease. Dif-
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ferent genotypes of E. granulosushave been iden-

tified by using molecular techniques (sequencing, 

phylogenetic analysis) from humans, sheep, cam-

el, etc. (Macpherson and Milner, 2003; Altintas et 

al., 2013; Zhang et al., 2014). Nevertheless, now, 

the molecular approaches are not restricted to 

DNA levels but also RNAlevels. 

Approaches on DNA Level 

PCR based methods 

Diagnosis of CE in the early-stage is crucial for 

effective drug treatment, but CE is usually de-

tected at the last stage when the cystis large and-

complex. Therefore only therapeutic option is-

mostly surgery. So, in the diagnosisof CE, Echi-

nococcus DNA detection in patient serum could 

be used as a non-invasive method. For this pur-

pose, cell-free DNA (cfDNA) detection has been a 

powerful tool for definitive diagnosis. Cell-free 

DNA composed of nucleic acid fragments is 

widely used in various clinical settings such as 

tumor monitoring, non-invasive prenatal testing 

(NIPT), etc. (Jiang et al., 2016). To date, many 

parasitic diseases such asLeishmania (Calderon et 

al., 2011), Plasmodium (Ghayour Najafabadi et al., 

2014), Schistosoma (Wichmann et al., 2009), Tryp-

anosoma (Russomando et al., 1992), and Wuchere-

riaspp. (Ximenes et al., 2014) have been success-

fully detected with cfDNA. Cell-free DNA of 

Echinococcus spp was previously proposed as a 

biomarker for echinococcosis, and cfDNA was 

found to exist in plasma or serum with 

PCR-based methods (Gottstein et al., 2014). Gen-

erally, PCR, qPCR, or Loop-Mediated Isothermal 

Amplification (LAMP) used for Echinococcus gen-

otyping (Salant et al., 2012; Boubaker et al., 2017). 

Several studies confirm that PCR can be useful on 

serum samples but not in urine samples to con-

firm the parasitic diagnosis and has advantages 

in rapid diagnosis and large-scale epidemiologi-

cal research (Chaya et al., 2014; Shang et al., 

2019). Assays based on detecting circulating an-

tigens from Echinococcus such as immuno-PCR 

and latex agglutinationtest (LAT), were reported 

to have high specificity (Zhang et al., 2012; Mir-

zapour et al., 2020). 

DNA sequencing 

Sanger sequencing enables selective inclusion of 

chain-terminating dideoxynucleotides by DNA 

polymerase during in vitro DN Areplication and 

is used to determine the DNA nucleotide se-

quence. Four species and ten genotypes are clas-

sified in E. granulosus sensu lato depending on 

their host range and genetic diversity of which E. 

granulosus sensu stricto (G1 to G3), Echinococcus 

equinus (G4), Echinococcus ortleppi (G5), and Echi-

nococcus canadensis (G6 to G10) (Ancarola et al., 

2017). Mitochondrial DNA (mtDNA) markers are 

ideal for evolutionary studies such as phyloge-

ography, population genetics, phylogeny, etc. 

Therefore, for the analysis of the mitochondrial 

genetic structure in CE genotypes, mitochondrial 

cytochrome c oxidase I (cox1) and NADH dehy-

drogenase subunit I (nad1) genes were also eval-

uated in the serum of CE to determine the source 

of DNA and compared to cyst tissue samples (Al-

tintas et al., 2013; Jafari et al., 2018; Moradi et al., 

2019; Santucciu et al., 2019; Altintas et al., 2020). 

Next-Generation Sequencing (NGS) 

Next-Generation Sequencing (NGS) is a new 

technology enabling sequencing a genome 

quickly. All NGS platforms can perform parallel 

sequencing of millions of small DNA fragments. 

Bioinformatic analyses are used to combine all 

these parts by mapping the individual reads to 

the reference genome. Each base in the genome is 

sequenced multiple times and provides high 

depth readings to present accurate data. Alt-

hough the NGS technique provides a new meth-

od for comprehensive screening and appropriate 

echinococcosis diagnosis with high specificity, 

this is a new area for detecting Echinococcus DNA. 

Recently it has been shown that the repeat region 

targeted sequencing was a precise detection of 

Echinococcus infection (Wan et al., 2020). 
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Approaches on RNA Level 

Non-coding RNAs, which are essential gene reg-

ulators on post-transcriptional levels, became hot 

topics for analyzing the critical mechanisms of E. 

granulosus. The mechanisms underlying the in-

volvement of different development stages, in-

cluding miRNAs, remain unknown. To better 

understand the parasite-host interplay in Echino-

coccus infections, new genomics, proteomics, mi-

croarray, and NGS analysis will help identify ad-

ditional targets for diagnosis, vaccination, and 

chemotherapy (Cucher et al., 2011; Macchiaroli et 

al., 2015). 

Microarraytechnology 

Microarray technology is used to identify and 

characterize gene expression profiles, enabling 

the analysis of a whole genome's differentially 

expressed genes in one experiment. Therefore, 

microarray technology has become widely used 

to determine whether human miRNAs and 

lncRNAs are expressed differently during E. 

granulosus infection. Besides, cDNA microarray 

methods were used to detect gene expression 

profiles of E. granulosus in order to understand 

the pharmacological mechanism of an-

ti-echinococcosis drugs (Lu et al., 2014). 

Almost 10–14% of the Echinococcus genome com-

prises protein-coding genes and theremains are 

transcribed as non-coding RNAs (Tsai et al., 

2013). Non-coding RNAs are classified into two 

main groups. miRNAs are in the small 

non-coding RNA class of 19–24 nucleotides in 

length, regulating the gene expression 

post-transcriptionally by inhibiting protein 

translation or target transcripts by binding with 

their seed sequences (Kim et al., 2009). In con-

trast, lncRNAs are longer than 200 nt, and they 

have lower expression than protein-coding genes 

(Huang et al., 2018). MiRNAs and lncRNAs are 

widely expressed in Echinococcus spp. (Ancarola 

et al., 2017; Yu et al., 2018). Recent research has 

shown that circulating miRNAsof both parasite 

and host origin can be detected in humans and 

animals' blood or helminth infectious fluids (Cai 

et al., 2016). Therefore, they are potential diag-

nostic biomarkers for the early diagnosis. In a 

study suggesting that host miRNAs are involved 

in the human-parasite interactionof E. granulosus, 

eight miRNAs were found to be up regulated 

(let-7g-5p, let-7a-5p,  miR-26a-5p, miR-26b-5p, 

miR-195-5p, miR-16-5p, miR-30c-5p, and 

miR-223-3p) and associated with the presence of 

functional cysts (Mariconti et al., 2019). Besides, 

in the subcutaneous adipose tissues from mice 

infected with E. granulosus protoscoleces, 1052 

mRNA and 220 lncRNA transcripts were found 

to be differentially expressed (Lu et al., 2020). 

CircularRNAs (circRNA), which are an other type 

of non-coding RNA, are endogenous RNAs 

without 5 ′ end caps or 3 ′ poly(A) tails and are 

expressed in tissue-specific and developmental 

stage-specific models (Kalifu et al., 2021). 

Transcriptome Profiling 

RNA-Seqisatechnique that uses NGS to analyze 

the entire transcript to me to reveal the presence 

and amount of RNA in a biological sample. This 

technology can be used to explore the diversity 

and expression patterns of E. granulosus miRNAs 

in different life stages. Using high throughput 

technologies is the new hot-spots to evaluate the 

small RNA composition and miRNA expression 

changes during E. granulosus development. With 

this technology, not also mature miRNAs but also 

novel miRNAs can be detected. With this respect, 

recent studies have characterized the miRNAs in 

three developmental stages of E. granulosus, and 

114 mature miRNAs and 62 miRNA stars have 

been evaluated (Bai et al., 2014). The prevalence 

of alternative splicing using NGS in protoscolex 

transcriptomes of E. granulosus and E. multilocu-

laris was found to be approximately 33-36% (Liu 

et al., 2017) whereas 109 known miRNAs and 189 

novel miRNA hairpin precursors were detected 

(Wang et al., 2018). E. granulosus was also used as 

a model to study the molecular basis of the-

host-parasite cross-talk during cestode infections. 
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Moreover, it provides a data for the gene expres-

sions involved in essential aspects of E. granulosus 

biology, such as metabolism and the synthesis of 

crucial parasite structures (Moro and Schantz, 

2009; Pan et al., 2014). A comprehensive charac-

terization of the E. granulosus transcriptome or 

proteome will provide valuable information on 

Echinococcus biology and the interplay between 

the parasite and its definite or intermediate hosts. 

Analysis of the E. granulosus adult worm proteo-

me was contributed to the literature as the first 

report in proteomic studies (Cui et al., 2013). Such 

studies reveal antigenic profiles and expression 

characteristics of Echinococcus and give insight 

into evasion mechanisms during infection and 

echinococcosis immunopathology. 

Different cell types release extracellular vesicles 

(EVs) that have a membranous origin. They are 

mainly found in specific vesicles known as exo-

somes. EVs, containing exosomes can carry de-

velopmental signal proteins that regulate the 

growth and formation of various parasites and 

contain proteins, carbohydrates, lipids, mi-

croRNAs, and other small RNAs (Schorey et al., 

2015). To identify exosomal cargo content, EVs 

are isolated from HCF. Sodium Dodecyl Sul-

fate-Polyacrylamide Gel Electrophoresis 

(SDS-PAGE) is used to quantify and visualize 

proteins in the exosomal fraction, RNA-seq is 

used to identify transcriptome profiling of exo-

somal RNA. It has been shown that the exo-

some-like vesicles (ELVs) of parasites can transfer 

non-coding RNAs to host cells to regulate gene 

expression; however, the ncRNAs contents of the 

ELVs from E. granulosusare unknown. Therefore 

exosome studies provided essential resources for 

further analysis of potential ncRNAs in exo-

some-like vesicles. Determination of exosome 

cargo content will allow new markers to be dis-

covered to diagnose and prevent CE (Zhang et 

al., 2020). 

Conclusion 

Using high-through put analysis methodologies can 

help lay the foundation for the interaction mecha-

nism between E. granulosus and its hosts. These in-

formations could be useful for developing new di-

agnostic and therapeutic targets for cystic echino-

coccosis 

Conflict of interest 

There is no conflict of interest. 

REFERENCES 

Altintas N. Past to present: Echinococcosis in Tur-

key. Acta Tropica 2003;85:105-12. 

Altintas N, Oztatlici M, Altintas N, Unver A, Sa-

karya A. Molecular analysis of cattle isolates of 

Echinococcus granulosus in Manisa Province. 

Kafkas ÜnivVet Fak Derg 2013;455-9. 

Altintas N, Topluoglu S, Yildirim, Uslu H, Eksi F, 

Ok UZ, Arslan MO et al. Current situation re-

port of cystic echinococcosis in Turkey. Turk 

Bull Hygiene Experiment Biol 2020;77 (3):1-51. 

Altintas N, Karamil S, Turkum O, Akil M, Sakarya 

A, Bozkaya H et al. A pilot comparative study 

between serological and genetic investigations 

in relationship to clinical outcomes on patients 

with cystic echinococcosis. Helminthologia 

2020;57(2):91-9. 

Ancarola ME, Marcilla A, Herz M, Macchiaroli N, 

Pérez M, Asurmendi S, et al. Cestode parasites 

release extracellular vesicles with microRNAs 

and immunodiagnostic protein cargo. Int J Pa-

rasitol 2017; 47(10):675–86.  

Bai Y, Zhang Z, Jin L, Kang H, Zhu Y, Zhang L et al. 

Genome-wide sequencing of smallRNAs reve-

als a tissue- specific loss of conserved microR-

NA families in Echinococcus granulosus. BMC 

Genomics 2014;15:736. 

Boubaker G, Macchiaroli N, Prada L, Cucher MA, 

Rosenzvit MC, Ziadinov I, et al. A multiplex 

PCR for the simultaneous detection and ge-

notyping of the Echinococcus granulosus comp-

lex. PLoS Negl Trop Dis 2013;7(1):e2017.  



Van Sag Bil Derg 2021;14(1):114-121 119 
 

 

Brunetti E, Kern P, Vuitton DA. Writing Panel for 

the WHO-IWGE. Expert consensus for the di-

agnosis and treatment of cystic and alveolar ec-

hinococcosis in humans. Acta Trop 

2010;114:1–16.  

Cai P, Gobert GN, McManus DP. MicroRNAs in 

parasitic helminthiases: current status and fu-

ture perspectives. Trends Parasitol 

2016;32(1):71–86.  

Calderon F, Low DE, Ramos AP, Arevalo J, Veland 

N, Boggild AK, et al. Polymerase chain reaction 

detection of leishmania kDNA from the urine 

of peruvian patients with cutaneous and mu-

cocutaneous leishmaniasis. Am J Trop Med 

Hyg 2011; 84: 556–61. 

Chaya D, Parija SC. Performance of polymerasec-

hainreactionforthediagnosis of cysticechino-

coccosisusing serum, urine, and cyst fluid 

samples. Trop Parasitol. 2014; 4(1):43–6. 

Craig PS, McManus DP, Lightowlers MW, Chabal-

goity JA, Garcia HH, Gavidia CM, et al. Pre-

vention and control of cystic echinococcosis. 

Lancet Infect Dis 2007;7: 385-94. 

Cucher M, Prada L, Mourglia-Ettlin G, Dematteis S, 

Camicia F, Asurmendi S, et al. Identification of 

Echinococcus granulosus microRNAs and their 

expression in different life cycle stages and pa-

rasite genotypes. Int J Parasitol 2011; 41:439–48. 

Cui SJ, Xu LL, Zhang T, Xu M, Yao J, Fang CY et al. 

Proteomic characterization of larval and adult 

developmental stages in Echinococcus granulosus 

reveals novel insight into host-parasiteinter ac-

tions. J Proteomics 2013; 12;84:158-75. 

Ghayour Najafabadi Z, Oormazdi H, Akhlaghi L, 

Meamar AR, Nateghpour M, Farivar L, et al. 

Detection of Plasmodium vivax and Plasmodium 

falciparum DNA in human saliva and urine: 

Loop-mediated is other malamplification for 

malaria diagnosis. Acta Trop. 2014; 136: 44–9. 

Gottstein B, Wang J, Blagosklonov O, Grenouillet F, 

Millon L, Vuitton DA, et al. Echinococcus meta 

cestode: in search of viability markers. Parasite 

2014; 21: 63. 

Huang, Y. The novel regulatory role of 

lncRNA-miRNA-mRNA axis in cardiovascular 

diseases. J Cell MolMed 2018; 22, 5768–75. 

Jafari R, Sanei B, Baradaran A, Spotin A, Bagher-

pour B, Darani HY. Genetic characterization of 

Echinococcus granulosus strains isolated from 

humans based on nad1 and cox1 gene analysis 

in Isfahan, central Iran. J Helminthol 

2018;92(6):696-702. 

Jiang P, Lo YMD. The long and short of circulating 

cell-free DNA and the ınsand outs of molecular 

diagnostics. Trends Genet 2016;32:360–71. 

Kim VN, Han J, Siomi MC. Biogenesis of 

smallRNAs in animals. Nat Rev Mol Cell Biol 

2009;10(2):126-39.  

Kalifu B, Maitiseyiti A, Ge X, Chen X, Meng Y. 

Expression profile of circular RNAs in cystic 

echinococcosis pericystic tissue. J Clin Lab Anal. 

2021 Mar;35(3):e23687.  

Liu S, Zhou X, Hao L, Piao X, Hou N, Chen Q. Ge-

nome-wide transcriptome analysis reveals 

extensive alternative splicing events in the 

protoscoleces of Echinococcus granulosus and 

Echinococcus multilocularis. Front Microbiol 2017; 

8:929.  

Lu G, Zhang W, Wang J, Xiao Y, Zhao J, Zhao J et al. 

Application of a cDNA microarray for profiling 

the gene expression of Echinococcus granulosus 

protoscoleces treated with albendazole and ar-

temisinin. Mol Biochem Parasitol 2014; 

198(2):59-65. 

Lu Y, Liu H, Yang XY, Liu JX, Dai MY, Wu JC et al. 

microarray analysis of lncRNA and mRNA re-

veals enhanced lipolysis along with metabolic 

remodeling in mice ınfected with larval Echino-

coccus granulosus. Front Physiol 2020 Aug 

21;11:1078.  

Macchiaroli N, Cucher M, Zarowiecki M, Maldo-

nado L, Kamenetzky L, Rosenzvit MC. Mic-

roRNA profiling in the zoonotic parasite Echi-

nococcus canadensis using a high-through put 

approach. Parasit Vectors 2015; 8:83. 



Van Sag Bil Derg 2021;14(1):114-121 120 
 

 

Macpherson CN, Milner R. Performance characte-

ristics and quality control of community based 

ultrasound surveys for cystic and alveolar ec-

hinococcosis. Acta Trop 2003; 85, 203–9. 

Mariconti M, Vola A, Manciulli T, Genco F, Lis-

sandrin R, Meroni V et al. Role of microRNAs 

in host defense against Echinococcus granulosus 

infection: a preliminary assessment. Immunol 

Res 2019;67:93–7. 

McManus DP, Zhang W, Li J, Bartley PB. Echino-

coccosis. Lancet 2003; 362: 1295-304. 

Mirzapour A, Seyyed Tabaei SJ, Bandehpour M, 

Haghighi A, Kazemi B. Designing a recombi-

nant multi-epitope antigen of Echinococcus gra-

nulosus to diagnose human cystic echinococco-

sis. Iran J Parasitol 2020;15(1):1-10. 

Moradi M, Meamar AR, Akhlaghi L, Roozbehani M, 

Razmjou E. Detection and genetic characteriza-

tion of Echinococcus granulosus mitochondrial 

DNA in serum and formalin-fixed parafin em-

bedded cyst tissue samples of cystic echino-

coccosis patients. PLoS One 2019; 

14(10):e0224501. 

Moro P, Schantz PM. Echinococcosis: a review. Int J 

Infect Dis 2009; 13: 125-33. 

Pan W, Shen Y, Han X, Wang Y, Liu H, Jiang Y et al. 

Transcriptome profiles of the protoscoleces of 

Echinococcus granulosus reveal that excretory- 

secretory products are essential to metabolic 

adaptation. PLoS Negl Trop Dis 2014; 

11;8(12):e3392. 

Russomando G, Figueredo A, Almiron M, Sakamo-

to M, Morita K. Polymerase chain reaction- ba-

sed detection of Trypanosoma cruzi DNA in se-

rum. J Clin Microbiol 1992;30(11); 2864–8. 

Salant H, Abbasi I, Hamburger J. The development 

of a loop-mediated is other malamplification 

method (LAMP) for Echinococcus granulosus 

coprodetection. Am J Trop Med Hyg 2012; 87(5): 

883–7. 

Santucciu C, Masu G, Mura A, Peruzzu A, Piseddu 

T, Bonelli P et al. Validation of a one-step PCR 

assay for the molecular identification of Echi-

nococcus granulosus sensu stricto G1–G3 ge-

notype. Mol Biol Rep 2019;46:1747–55. 

Schorey JS, Cheng Y, Singh PP, Smith VL. Exosomes 

and other extracellular vesicles in host- patho-

gen interactions. EMBO Rep 2015;16:24–43. 

Shang JY, Zhang GJ, Liao S, Huang Y, Yu WE, He W 

et al. A multiplex PCR for differential detection 

of Echinococcus granulosus sensu stricto, Echino-

coccus multilocular is and Echinococcus cana-

densis in China. Infect Dis Poverty 2019; 8:68. 

Thys S, Sahibi H, Gabriël S, Rahali T, Lefèvre P, 

Rhalem A et al. Community perception and 

knowledge of cystic echinococcosis in the High 

Atlas Mountains, Morocco. BMC Public Health 

2019;19:118. 

Tsai IJ, Zarowiecki M, Holroyd N, Garciarrubio A, 

Sánchez-Flores A, Brooks KL et al. The geno-

mes of four tape worm species reveal adapta-

tions to parasitism. Nature 2013;496: 57–63. 

Wan Z, Peng X, Ma L, Tian Q, Wu S, Li J, et al. Tar-

geted sequencing of genomic repeat regions 

detects circulatingcell-free Echinococcus DNA. 

PLoS Negl Trop Dis 2020;14(3): e0008147. 

Wang ZR, Bo XW, Zhang YY, Ma X, Lu PP, Xu MF. 

Micro RNA profile analyses of the protoscole-

ces in Echinococcus granulosus. Acta Vet Zootech 

Sin 2018; 49: 2485–8. 

WHO Department of Control of Neglected Tropical 

Diseases. Intergrating neglected tropical disea-

ses into global health and development: fourth 

WHO report on neglected tropical diseases. 

Geneva: World Health Organization, 2017. 

Wichmann D, Panning M, Quack T, Kramme S, 

Burchard G-DD, Grevelding C, et al. Diagno-

sing schistosomiasis by detection of cell-free 

parasite DNA in human plasma. PLoS Negl 

Trop Dis 2009;3: e422. 

Ximenes C, Brandão E, Oliveira P, Rocha A, Rego T, 

Medeiros R, et al. Detection of Wuchereria banc-

rofti DNA in paired serum and urine samples 

using polymerase chain reaction- based sys-

tems. Mem Inst Oswaldo Cruz 2014;109:978–83. 

https://idpjournal.biomedcentral.com/articles/10.1186/s40249-019-0580-2#auth-Yan-Huang
https://idpjournal.biomedcentral.com/articles/10.1186/s40249-019-0580-2#auth-Wen_Jie-Yu
https://idpjournal.biomedcentral.com/articles/10.1186/s40249-019-0580-2#auth-Wei-He
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-6372-y#auth-Tarik-Rahali
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-6372-y#auth-Pierre-Lef_vre
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-6372-y#auth-Abdelkbir-Rhalem


Van Sag Bil Derg 2021;14(1):114-121 121 
 

 

Yu A, Wang Y, Yin J, Zhang J, Cao S, Cao J et al. 

Microarray analysis of longnon-coding RNA 

expression profiles in monocytic mye-

loid-derived suppress or cells in Echinococcus 

granulosus-infected mice. Parasit Vectors 

2018;11: 327. 

Zhang T, Yang D, Zeng Z, Zhao W, Liu A, Piao D, et 

al. Genetic characterization of human- derived 

hydatidcysts of Echinococcus granulosus sensu 

lato in Heilongjiang Province and thefir stre-

portof G7 Genotype of E. Canadensis in humans 

in China. PLoS ONE 2014; 9(10): e109059. 

Zhang W, Wen H, Li J, Lin R, McManus DP. Im-

munology and immuno diagnosis of cystic ec-

hinococcosis: an update. Clin Dev Immunol 

2012;101895.  

Zhang X, Gong W, Cao S, Yin J, Zhang J, Cao J et al. 

Comprehensive analysis of non-coding RNA 

profiles of exosome-like vesicles from the pro-

toscoleces and hydatid cyst fluid of Echinococ-

cus granulosus. Front Cell Infect Microbiol 

2020;10:316. 


