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INTRODUCTION 
 
Cystic echinococcosis (CE) is a helminthic zoonotic disease 
that affects various body organs, primarily the liver and then 
the lungs. This disease is caused by the tapeworm of genus 
Echinococcus (family Taeniidae) which is endemic in most 
regions of the world (Armua-Fernandez et al. 2014, Romig et 
al. 2015; Karamian et al. 2017). As the intermediate hosts ingest 
the eggs, they develop into a fluid-filled cysts (Cardona and 
Carmena 2013; Rojas et al. 2014).  
The parasite needs two hosts to complete its life cycle. These 
hosts are the definitive host which are carnivores of the family 
Canidae and the second host is the intermediate host that 
includes many ruminants such as sheep, goats, cattle, camel etc. 
(Romig and Deplazes 2017). The adult worm lives in the small 
intestine of canids, mostly dogs and wolves (Karamian et al. 
2017, Chaudhari et al. 2017; Mulinge et al. 2018). The adults 
produce eggs that pass with the feces of dogs and contaminate 
water, vegetables, fruits, etc. (Paniker and Ghosh 2013; Otero-
Abad and Torgerson 2013). When ingested by the 
intermediate hosts, eggs hatch releasing the hexacanth embryo. 
These are then carried by the blood to various body organs 
where they develop into cysts characterized by long-term 
growth in the intermediate hosts (Deplazes et al. 2017). 
The disease is endemic in rural sheep-raising areas, and in areas 
where there is close contact with the final host, in addition the 
dogs consume the infected intermediate host organs (Grosso 
et al. 2012 and Lett 2013). Cystic echinococcosis is 
hyperendemic in Iraq and is regarded as one of the most 
economically devastating zoonotic diseases affecting livestock 
and humans (Benyan et al. 2013).  
Many studies have been performed on CE in Kurdistan region 
and Iraq. Some of them on the prevalence of cysts in domestic 
animals, such as goats, sheep and cattle (Saeed et al. 2000, 
Bajalan 2006, Ghaffar 2008, Saida and Nouraddin 2011, 
Meerkhan and Abdullah 2012, Al-Berwari 2012, Jarjees and Al-
Bakri 2012, Sargali and Mero 2013, Al-Bosely 2013, Mero et al. 
2014, Murtaza et al. 2017, Meerkhan et al. 2018, Abdulhameed 
et al. 2018, Alsaady and Al-Quzweeni 2019, Abdulla et al. 2020; 
Mohammed 2021). While other studies involved the molecular 
characterization of CE in domestic animals (Ahmed 2012, 
Hama et al. 2015, Fadhil and A'aiz 2016, Hassan et al. 2016, 
Hama et al. 2018; Mahdi et al. 2020). 

History of Cystic Echinococcosis 
 
Cystic Echinococcosis is one of the earliest known animal 
diseases. Its origin may be traced back to Hippocrates (377 
BC), who wrote in his notes (Seventh, 55): "In those whose 
liver is filled with water open into the peritoneum, the belly is 
filled with water, and they die" (Thompson et al. 2017; Slimane 
et al. 2018). Galen regarded the liver to be the primary location 
of CE in slaughtered animals about 200 BC. The existence of 
the cysts in animals and humans was later on widely 
documented (Slimane et al. 2018). In the Bible Talmud of 1534, 
Egyptians and Babylonians characterized the cyst as a bladder 
filled with liquid (Sabau 2011). 
The exact nature of CE remained unclear until the early modern 
period when Philip Hartmann described a small, spherical 
structure connected to the bladder in 1685. He confirmed the 
animal nature of cystcerci, in 1760. Then Peter Pallas classified 
the CE as a separate group (bladder worms) and described them 
as small bodies located on the inner wall of the bladders in his 
medical thesis (Thompson et al. 2017). In 1782, Goeze described 
the tapeworm scolex and the front end, naming it Taenia 
visceralis socialis granulosus (Alam-Eldin 2009). Batsch, on the 
other hand, termed it Hydatigena granulose in 1786 (Rausch 
1967). The term Echinococcus was first used in zoology by Carl 
Asmund Rudolphi in 1801 (Thompson et al. 2017). Echinococcus 
is a Greek term that signifies hedgehog berry (echinos = spine 
and kokkos = grain) (Moringlane 2003). Echinococcus granulosus 
is the parasite's current scientific name. 
 
Classifications of Echinococcus spp.  
 
According to, Nakao et al. (2007) and Huttner et al. (2008) the 
genus Echinococcus, was classified as mentioned below: 
Kingdom: Animalia 
Subkingdom: Metazoa  
Phylum: Platyhelminthes 
Class: Cestoidea (Rudolphi 1808) / Cestoda  
Subclass: Eucestoda (Southwell 1930) 
Order: Cyclophillidea  
Suborder: Taeniata  
Family: Taeniidae 
Subfamily: Echinococcinae  
Genus: Echinococcus (Rudolphi 1801)  
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Species: The genus Echinococcus has 9 species namely, 
Echinococcus granulosus (Batsch 1786), E. felidis (Ortlepp 
1937 and Huttner et al. 2008), E. equinus (William and 
Sweatman 1963), E. ortleppi (Ortlepp 1934), E. canadensis 
(Sweatman and Williams 1963), E. multilocularis, E. shiquicus 
(Xiao et al. 2005), E. oligarthra (Diesing 1863) and E. vogeli 
(Rausch and Bernstein 1972, McManus 2013; Nakao et al. 
2013). The most common type that develops in humans and 
animals is E. granulosus. Other uncommon species that infect 
humans are, E. multilocularis causing alveolar echinococcosis 
and the rare types E. vogeli and E. oligarthrus causing polycystic 
and unicystic echinococcosis, respectively (WHO 2013; Eckert 
et al. 2001).  
 
Morphology 
 
The adult worm (Fig. 1) is hermaphrodite, white in color, 
measures from 2-11 millimeter long (Torgerson and Budke 
2003; Alvi et al. 2021). The scolex is spherical and provided 
with four oval suckers and a double row of 30-60 hooks with 
a non-retractable conspicuous rostellum, with a short neck. 
Strobila is segmented and consists of mainly 3 to 6 proglottids 
(Rahman et al. 2015; Thompson et al. 2017). Each of the 
proglottid has a single genital opening and the last proglottid is 
called gravid proglottid that contains a uterus filled with 1000-
1500 eggs and is frequently more than half the length of the 
worm (Thompson et al. 2017; Alvi et al. 2021).  
  

 
 
Fig. 1: Morphology of adult Echinococcus granulosus worm. 
 

 
 
Fig. 2: The egg of E. granulosus in dog feces. 
 

The eggs are spherical or ovoid in shape measuring 30 to 40 
μm in diameter (Fig. 2). Eggs are similar in appearance to those 
of other Taeniid eggs, thick dark brown to yellow in color and 
contain hexacanth embryos (oncospheres) surrounded by 
several membranes and an external keratinized highly resistant 
layer (Torgerson 2014; Rahman et al. 2015). 
The cyst is usually unilocular; mostly spherical in shape and 
differs in size according to the location. Structurally it is made 
up of three layers (Fig. 3) with hydatid fluid inside. First layer is 
the adventitial layer (pericyst) that originates from host cells 
and forms a dense fibrous protective layer surrounding the 
cyst, and inhibits the entry of large macrophages into the sac 
(Handa et al. 2005; Fritsche and Pritt 2017). The middle layer, 
the laminated membrane (ectocyst layer), which is white in 
color and non-cellular with a coarse elastic composition. This 
layer is produced by the parasite and consists of a 
polysaccharide-protein complex. The thickness of this layer 
ranges from 1-2 mm and increases in its thickness by age 
(Siracusano et al. 2009; Eriksen and Agopian 2017). The third 
layer is the inner germinal layer (endocyst) which is a living part 
of the cyst wall and is 20-25 micrometers thick. Its functions 
are controlling the permeability of the cyst, asexual 
reproduction and the production of the hydatid fluid that fills 
the cyst cavity (Schmidt and Roberts 2000; Galindo et al. 2003). 
This layer produces the brood capsules. A fully developed cyst 
contains brood capsules with protoscolices and is filled with 
clear fluid (Eriksen and Agopian 2017; Fritsche and Pritt 2017). 
The  cysts  which  contain  protoscolices  are called fertile cysts 
 

 
 
Fig. 3: The metacestode of Echinococcus granulosus. 
 

 
 
Fig. 4: Protoscolices of Echinococcus granulosus stained with 
aqueous eosin stain (40X).   
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Fig. 5: Diagram of the domestic life cycle of E. granulosus.. 
 
(Fig. 4), while those without protoscolices are called sterile 
cysts (Kamentzk et al. 2000). The hydatid fluid is a colorless or 
slightly yellowish fluid which is odorless and sterile. It fills the 
cavity of the cyst. Specific gravity of the fluid is 1.007–1.015 and 
its pH is between 6.7 - 7.2. It contains a number of enzymes, 
proteins and salts (Muller and Waklelin 2001; Halezeroglu et 
al. 2012; Yakhchali et al. 2017). 
 
The Biochemical Constituents of Echinococcal Cyst 
 
The analysis of cyst layers, protoscolices, the hydatid fluid and 
surrounding host tissues of sheep, goats and cattle showed the 
presence of high levels of lipids, triglycerides and cholesterol in 
the protoscolex and infected tissue surrounding the cyst in 
cattle. On the other hand, high levels of glucose were found in 
the hydatid fluid and tissues surrounding cyst isolated from 
sheep (Meerkhan and Mero 2013). Also, the laminated layer of 
sheep, goats and cattle cysts contained high level of triglyceride, 
while the germinal layer of the cysts contains high levels of 
cholesterol (Merza and Mero 2013). With regards to enzymes, 
the activities of ACP, ALP, LDH, GOT and GPT were higher in 
the laminated layer than germinal layer of the same hosts (Mero 
and AL Bosely 2014).  
 
Life cycle of Echinococcus Granulosus 
 
The life cycle of E. granulosus is of two types, depending on the 
type of host. First one is the domestic life cycle, that involves  
mainly dog as a definitive host and a wide range of domestic 
ungulates (sheep, cattle, camel, goats, buffalo, pigs. etc.) and 
humans as intermediate hosts (WHO 2001, Cucher et al. 2016; 
Romig and Deplazes 2017). The second form is the sylvatic life 
cycle, which occurs in northern North America and Eurasia, 
and involves mainly wild animals like wolves, cervids, moose 
and reindeer (WHO 2001). 
In the domestic life cycle (Fig. 5), the adult worms are attached 
to the mucosa of dog’s small intestine and produce eggs 
(Santivanez and Garcia 2010). These eggs are released after the 

separation of the gravid proglottids into the external 
environment with the feces. They are resistant and remain 
infective for months outside the body of intermediate host 
(Morar et al. 2014; Slimane et al. 2018). After their ingestion 
by the intermediate hosts during grazing in the farms, eggs are 
hatched in the small intestine of these hosts releasing 
hexacanthus embryo. Within 12 hours of ingestion, the 
oncosphere (early-stage larva) penetrates the wall of the small 
intestine by the aid of hooks and finds its way via blood or 
lymph to the liver, lungs or other sites to develop into a 
unilocular fluid-filled cyst. This cyst keeps growing in size by 
time. The incubation period could be 12 months to years, 
depending on the number and location of the cysts, producing 
protoscolices in the bladders by asexual multiplication 
(Roelfsema et al. 2016, Thompson et al. 2017; Shnawa et al. 
2021).  
The liver is the first filter for embryos to develop, holding a 
high number of them while the remaining goes through the 
lungs, the second filter, which holds fewer embryos. A few of 
the embryos pass through the lungs' capillaries to enter the 
systemic circulation, where they are transported to various 
organs and tissues throughout the body, including the spleen, 
kidneys, heart, brain and bones (Gurbuz et al. 2006). The 
definitive host becomes infected by consuming the infected 
viscera of intermediate host having fertile cyst. The 
protoscolices evaginate, attach to the mucosal lining of their 
intestine and grow into the adult worms within 6 - 8 weeks 
depending on the parasite strain and host sensitivity 
(Lightowlers et al. 2003; Shnawa et al. 2021). Adult worms 
remain alive in the final host for 5-20 months, then begin to 
release eggs or gravid segment every 2 weeks (Rahman et al. 
2015, Thompson et al. 2017, Mohamed et al. 2017; Tse et al. 
2019).  
 
Molecular Characterization of Echinococcus Granulosus 
 
Echinococcus granulosus is a complex parasite that exhibits 
genetic diversity and it has been divided into a series of 
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genetically distinct strains/genotypes according to the hosts 
(Thompson et al. 1995; Lavikainen et al. 2003). Molecular 
genetic analysis, using mitochondrial Cox1 cytochrome, Nad1 
dehydrogenase genes and intra transcribed spacer 1 (ITS1) 
have been used for the identification of Echinococcus 
genotypes from definitive and intermediate hosts (Sanchez et 
al. 2010, Lymbery and Thompson 2012; Chaligiannis et al. 
2015). So far, 10 genotypes have been identified (G1-10) and 
the name E. granulosus sensu lato has been used as a general 
term for all of these species and strains. These include two 
sheep strains (G1 and G2) and buffalo strain (G3), both 
grouped together in the species E. granulosus sensu stricto, G4 
genotype (horse strain) called Echinococcus equinus, G5 
genotypes (cattle strain) named Echinococcus ortleppi, and G6 
genotype (camel strain), G7 genotype (pig strain), G8 (cervid 
strain), G9 (a Poland swine strain) and G10 (a Eurasian reindeer 
strain) are grouped together in the species Echinococcus 
canadensis (Rahman et al. 2015, Romig et al. 2015; Roelfsema 
et al. 2016). Globally, the G1 genotype of E. granulosus is the 
most prevalent strain which infect humans and domestic 
animals such as sheep, goats, cattle and camel which acts as the 
intermediate host more frequently than other species or 
genotypes (Sharma et al. 2013, Boufana et al. 2014; Lymbery 
2017). 

Distribution of Echinococcus granulosus and its’ 
Genotypes in Livestock 
 
Cystic echinococcosis in livestock has a cosmopolitan 
distribution and is more frequent in rural areas, particularly in 
developing and under developed countries. However, the 
greater prevalence of cystic echinococcosis (CE) is found in 
agricultural regions particularly in Mediterranean region, South 
America, the Middle East, Central Asia, China, New Zealand, 
Canada, parts of Africa as well as Australia (Yang et al. 2005, 
Rojas et al. 2014; Ito and Budke 2017). The disease is more 
common in areas where sheep are reared together with the 
dogs. It is also prevalent in the areas where older animals are 
slaughtered such as cattle, sheep, and others (Arora and Arora 
2011; WHO 2021).  
Iraq is considered as one of the hyperendemic countries for CE 
infection which is widely distributed throughout most of its 
governorates and different infection rates were reported 
among both humans and livestock (Ahmed 2012; Benyan et al. 
2013). For the first time CE was reported in Iraq by Babero et 
al. (1963). They observed echinococcal cysts in sheep, cows, 
buffaloes and camels in Baghdad.  
Many epidemiological studies reported variable prevalence of 
CE in domestic animals from Kurdistan region and other parts 
of Iraq, as shown in Table (1).

 
Table 1: Published information concerning the prevalence of CE in livestock in different governorate of Kurdistan regain and Iraq.  

Governorate host Prevalence (%) References 
Duhok Sheep 24.63 Ghaffar 2008 

Goats 13.54 
Cattle 1.68 
Sheep 9.921 Meerkhan and Abdullah 2012 
Goats 6.245 
Cattle 10.58 
Sheep 19.46 Al-Berwari 2012 
Goats 15.52 
Cattle 6.94 
Sheep 24.63 AL-Bosely 2013 
Goats 13.56 
Cattle 0.64 
Sheep 4.25 Meerkhan et al. 2018 
Goats 0.64 
Cattle 0.37 

Erbil Sheep 15.0 Saeed et al. 2000 
Goats 6.2 
Cattle 10.9 
Sheep 11.1 Saida and Nouraddin 2011 
Goats 1.66 
Cattle 7.77 
Sheep 9.07 Hassan 2017 
Goats 0.54 
Cattle 1.56 

Slemani Sheep 0.27 Bajalan 2006 
Goats 0.11 
Cattle 0.57 
Sheep 12.7 Mero et al. 2014 
Goats 4.8 
Cattle 4.3 

Al-Qadisia Sheep, goats and cattle 20.59 Al-Fatalawei 2002 
Mosul Sheep 2 Jarjees and Al-Bakri 2012 

Goats 0.52 
Cattle 0.55 

Basrah Sheep 14.75 Murtaza et al. 2017 
Sheep 7.3 Abdulhameed et al. 2018 

Baghdad Sheep 2.28 Najim et al. 2020 
Sheep 2.0 Mohammed 2021 
Cattle 1.1 
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The Genotypes Reported in Kurdistan Region and 
other Parts of Iraq 
 
Some genotyping studies have been carried out in Kurdistan 
region and other parts of Iraq, such as, in Duhok governorate, 
Ahmed (2012) performed a molecular analysis of cysts isolated 
from sheep, goats and cattle using two mitochondrial genes 
(cox1 and nad1) and reported G1-G3 genotypes in all samples. 
In Erbil governorate, Hassan (2017) reported G1 and G1c in 
the cysts isolated from the above-mentioned hosts using the 
mitochondrial cox1 gene. In Koya city of Erbil governorate, 
Abdulla et al. (2020) reported the sheep strain (G1) among 19 
sheep and one cow using the same gene region. In Slemani 
governorate, Hama et al. (2013, 2015 and 2018) studied the 
molecular identification of Echinococcus granulosus cysts 
isolated from sheep, goats and cattle in Slemani abattoir using 
cox1 gene and found the majority of the samples belonged to 
sheep strain (G1) and few with slight micro variations within 
G1. In Al-Qadisiya governorate, Fadhil and A'aiz (2016) 
performed a genotyping study of Echinococcus granulosus 
isolated from domestic animals using nad1 mitochondrial gene 
and reported G1 and G3 genotypes in sheep and G1, G3 and 
G6 in cattle and camels. In Kirkuk, Hassan et al. (2016) isolated 
the sheep strain (G1) of Echinococcus from sheep, goats and 
cattle using the ITS 1 fragment of rDNA. In Misan governorate, 
Alsaady and Al-Quzweeni (2019), reported G1 and G3 
genotypes using cox1 mitochondrial gene in echinococcal cysts 
isolated from sheep, buffalo, camel, cow and goats collected 
from central slaughterhouse of Al-Amarah city. In Al- Najaf and 
Al-Diwaniyah provinces, Mahdi et al. (2020), using the same 
marker (cox1), reported G1, G3 and G6.  
 
Symptoms of Cystic Echinococcosis  
 
The clinical symptoms of CE in humans are variable and the 
disease is asymptomatic in the early stages due to the slow 
growth and development of the cyst. The incubation period is 
variable, until the cysts grow and begin to exert pressure on 
host tissues (Pakala et al. 2016, Kern et al. 2017; WHO 2021). 
The cysts can be found in any organ but most often cysts 
develop in liver and lungs, and less frequently in the bones, 
kidneys, spleen, muscles, abdominal cavities, brain, ovary, testis 
and central nervous system (Eckert et al. 2001; WHO 2021). 
In livestock, the disease is not diagnosed, and the animals may 
be sacrificed before the appearance of the symptoms (Al-
Khafaji 2006). The appearance of the symptoms depends on 
the number of the cysts and their location. The recognizable 
symptoms include reduced milk production, sluggish 
development, frailty, poor wool, jaundice, bronchopneumonia 
in the case of lung infection (Eckert and Deplazes 2004; Eddi et 
al. 2006). The complications related to cyst rupture, spread of 
protoscolices, and bacterial infection can affect the clinical 
symptoms (Thompson 2001). 
 
Diagnosis and Detection of Cystic Echinococcosis in 
Livestock 
 
Most of CE infections stay asymptomatic for many years before 
the cysts grow in size and impose pressure on the tissues to be 
able to cause symptoms in the affected organs. Different 
approaches have been employed for the diagnosis of CE, such 
during slaughtering the infected intermediate host can be 
diagnosed, while live livestock can be diagnosed by 

immunological techniques (Craig 1997). The most common 
method for detecting cysts in domestic intermediate hosts 
(sheep, goats, cattle, pigs etc.) is post-mortem examination. 
The results are based on inspection, palpation, and/or incision 
used to identify the parasite's larval stage (metacestode) during 
meat inspection (either in an abattoir or before 
consumption/sale) (OIE 2008 and Chihai et al. 2016). The only 
accurate way for detecting CE is a post-mortem (necropsy) 
examination of visceral organs (Craig et al. 2015). Although it 
is possible to use serological examinations to detect the 
parasite in livestock (Golassa et al. 2011; Bulashev et al. 2017). 
Hydatid fluid (hydatid sand) aspirated from a cyst through its 
opening may show the presence of protoscolices, which are 
normally invaginated. The presence of protoscolices is 
diagnostic and based on morphology of the cyst (Craig et al. 
1995). Several studies involved the molecular methods (species 
and genotypes) of cysts found at slaughter inspection proved 
the usefulness of this approach (Casulli et al. 2008; Boufana et 
al. 2014). Also, the real time PCR has been used to distinguish 
E. granulosus genotypes using cyst material (Maurelli et al. 
2009; Pestechian et al. 2014). 
 
Control and Prevention of Cystic Echinococcosis in 
Livestock 
 
According to WHO, cystic echinococcosis is a serious health 
concern that causes large economic losses in farming animals 
(WHO 2006). It is difficult to adjust the exposure to 
echinococcosis due to difficulty in staying aloof from the 
parasite eggs which are transmitted with feces of wild animals 
causing recurrence of CE. On the other hand, it's difficult to 
diagnose because the disease in animals is asymptomatic 
(Velasco-Tirado et al. 2017; CDC 2019).  
Control of CE in endemic places relies on preventing definitive 
hosts (dogs) from ingesting infected intermediate host organs 
and preventing the intermediate hosts from consuming food 
contaminated by dog excreta (Mandal and Mandal 2012, 
Mohamed et al. 2017). 
Control measures include regulation of livestock slaughtering, 
controlling the infection in dogs, deworming, treatment with 
praziquantel at a dose of 5 mg / kg every six weeks, to reduce 
the prevalence of E. granulosus below the levels favorable for 
continued transmission (Gemmell et al. 2001, Craig et al. 2017; 
Jiang et al. 2017). The eggs in the stool samples may be killed 
by boiling for 5 minutes, using autoclave or freezing at -80°C 
for 2 days (Eckert et al. 2001). Development of effective 
vaccines to prevent oncosphere development to cysts in sheep 
and other intermediate hosts, thus it prevents the development 
of adult gravid tapeworms in dogs (Ecklert and Deplazes 2004, 
Gauci et al. 2005, Morariu et al. 2010; Craig et al. 2017).  
 
Conclusions 
 
From this review it can be concluded that echinococcosis is a 
zoonotic parasitic disease and is endemic disease with 
worldwide prevalence including Kurdistan region and Iraq. 
The parasite has an indirect life cycle requiring two hosts, the 
first host is the intermediate host in which the cysts can 
develop in many organs and tissues of humans and 
domesticated mammals such as sheep, cattle, pigs, goats and 
camels. The second host is definitive host in which the parasite 
develops in the small intestine of carnivores such as dogs, 
wolves and foxes. Reducing the infection needs urgent public 
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awareness of disease and adopting preventive measures to 
reduce its spread. 
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