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Abstract
The worldwide incidence and prevalence of cystic 
echinococcosis have fallen dramatically over the past 
several decades. Nonetheless, infection with Echinococ-
cus granulosus (E. granulosus) remains a major public 
health issue in several countries and regions, even in 
places where it was previously at low levels, as a result 
of a reduction of control programmes due to economic 
problems and lack of resources. Geographic distribution 
differs by country and region depending on the pres-
ence in that country of large numbers of nomadic or 
semi-nomadic sheep and goat flocks that represent the 
intermediate host of the parasite, and their close con-
tact with the final host, the dog, which mostly provides 
the transmission of infection to humans. The greatest 
prevalence of cystic echinococcosis in human and ani-
mal hosts is found in countries of the temperate zones, 
including several parts of Eurasia (the Mediterranean 

regions, southern and central parts of Russia, central 
Asia, China), Australia, some parts of America (espe-
cially South America) and north and east Africa. Echi-
nococcosis is currently considered an endemic zoonotic 
disease in the Mediterranean region. The most frequent 
strain associated with human cystic echinococcosis ap-
pears to be the common sheep strain (G1). This strain 
appears to be widely distributed in all continents. The 
purpose of this review is to examine the distribution of 
E. granulosus  and the epidemiology of a re-emerging 
disease such as cystic echinococcosis.
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INTRODUCTION
Cystic echinococcosis (CE) is a near-cosmopolitan zoono-
sis caused by adult or larval stages of  tapeworms (cestodes) 
belonging to the genus Echinococcus (family Taeniidae). 
Actually, six species of  Echinococcus have been recognized, 
but the most important members of  the genus in respect 
of  their public health importance and their geographical 
distribution are Echinococcus granulosus (E. granulosus) (which 
causes cystic echinococcosis) and Echinococcus multilocularis 
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(which causes alveolar echinococcosis). Infection with 
E. granulosus results in the development of  one or several 
unilocular hydatid cysts that in humans develop mainly 
in the liver (70%), but also lungs (20%) and 10% of  cysts 
can occur almost anywhere in the body (e.g., brain, body 
musculature, wall of  the heart, kidneys, orbit of  the eye, 
marrow cavity of  bones). E. multilocularis metacestodes 
develop as a series of  small, interconnected cysts, grow-
ing as a metastasising lesion almost exclusively in the liver 
(98%-100%), but in the later phase of  infection distant 
metastases in other organs may occur.

E. multilocularis is a cestode whose life cycle involves 
a tapeworm stage during which it lives in the small in-
testine of  carnivores (definitive hosts, usually wild or 
domestic canids), and a tissue-invading metacestode 
(larval) stage during which echinococcal cysts develop in 
internal organs (mainly liver and lungs) of  humans and 
other intermediate hosts as unilocular fluid-filled bladders 
surrounded by a host-produced layer of  granulomatous 
adventitial reaction. Small vesicles called brood capsules 
bud internally from the germinal layer and produce mul-
tiple protoscolices by asexual division. In humans, the 
slowly growing echinococcal cysts may reach a volume of  
several litres and contain many thousands of  protoscoli-
ces. Moreover, internal septations and daughter cysts may 
appear over time, disrupting the unilocular pattern typical 
of  the young echinococcal cysts. 

Infection of  an intermediate host is due to accidental 
ingestion of  tapeworm eggs passed into the environ-
ment with faeces from definitive hosts. Transmission of  
E. granulosus could be due to domestic and wildlife res-
ervoirs, and is influenced by human activities, behaviour, 
and politics.

CE represents an increasing public health and socio-
economic concern in many areas of  the world[1-3] and is 
currently considered an endemic zoonose in the Medi-
terranean region (MR), in addition to brucellosis, rabies, 
leishmaniasis and food-borne zoonotic infections[4]. 
Given a geographic distribution and extent greater than 
previously believed, several studies have shown that hyda-
tidosis is currently considered an emerging or re-emerg-
ing disease[5,6]. The distribution and prevalence of  CE de-
pends on the presence in that country of  large numbers 
of  nomadic or semi-nomadic sheep and goat flocks that 
represent the intermediate host of  the parasite, and their 
close contact with the final host, the dog, which mostly 
provides the transmission of  infection to humans. 

Molecular studies conducted on mitochondrial DNA 
(mtDNA) sequences, have shown that E. granulosus com-
plex consists of  three species and comprise ten defined 
strains (genotype G1-10), based on morphology, host 
specificity and molecular characteristics[7,8]. The intraspe-
cific variants have substantial variation at the genetic level 
and DNA sequence[9], conferring several characteristics 
such as life-cycle patterns, host specificity, development 
rate, antigenicity, transmission dynamics, sensitivity to 
chemotherapeutic agents, and pathology[10,11]. These 
characteristics may have important implications for the 

design and development of  vaccines, diagnostic reagents 
and drugs impacting on the epidemiology and control 
of  echinococcosis[12,13]. Indeed, each Echinococcus species 
maintains a specific host-adapted genetic identity that 
only rarely overlaps in some geographical areas[5,11,14]. 

In this review we discuss aspects of  the current epide-
miology of  E. granulosus complex and highlight worldwide 
and specific distribution in recognised endemic areas.

SPECIES AND DISTRIBUTION OF 
E. GRANULOSUS COMPLEX
E. granulosus has a worldwide geographical distribution 
with endemic foci present on every inhabited continent 
(Figure 1). The greatest prevalence of  CE in human 
and animal hosts is found in countries of  the temperate 
zones, including several parts of  Eurasia (the Mediter-
ranean regions, southern and central parts of  Russia, 
central Asia, China), Australia, some parts of  America 
(especially South America) and north and east Africa[2,15].

The distinct genetic types of  E. granulosus include 
two sheep strains (G1 and G2), two bovid strains (G3 
and G5), a horse strain (G4), a camelid strain (G6), a pig 
strain (G7), and a cervid strain (G8). A ninth genotype 
(G9) has been described in swine in Poland[8,16] and a 
tenth strain (G10) in reindeer in Eurasia. Among these 
strains, we have available data for preliminary epidemio-
logical analyses only for some strains. In fact, some of  
them are still poorly characterised and further research 
is needed to determine with higher detail their host and 
geographic ranges and whether their genetic characteris-
tics are conserved between different endemic regions.

The most frequent strain associated with human CE 
appears to be the common sheep strain (G1). This strain 
appears to be widely distributed in all continents. Highest 
rates of  infection are recorded in communities involved 
in extensive sheep farming and epidemiological studies 
suggest that this genetic variant is the principal strain 
infecting humans[2,5,9,17]. Consequently, its presence coin-
cides with areas which have high prevalence of  human 
CE such as in Morocco, Tunisia, Kenya, Kazakhstan, 
western China and Argentina.

The G2 strain is known to be transmitted among 
sheep and infect humans also, but genetic differences 
biologically distinguish it from the G1 strain, conferring 
a different life cycle[18]. It has been found in Australia and 
previously also documented in Tasmania.

The G3 strain which is diffused among buffalos and 
transmitted by water, has been recorded in South Asia[19], 
but no susceptibility among humans has been found. 

The G4 strain, formerly known as Echinococcus equi-
nus, appears to infect exclusively equines as intermediate 
hosts and no human cases have been documented[9,20]. It 
is known to be diffused in the Mediterranean regions of  
Spain, Italy, Lebanon, and Syria, as well as in South Africa.

The former cattle strain (G5), known as Echinococcus 
ortleppi, is transmitted by cattle in Europe, Asia, parts of  
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Africa and South America and only one case in humans has 
been isolated in past years[21], suggesting a less pathogenic 
risk for humans than the sheep strain of  E. granulosus. 

G6-10 strains are poorly distinguished from each other 
but they are clearly distinct from the common sheep strain[5]. 
The G6 strain is known to principally affect camels and 
goats. Animal infection is diffused in the Middle East, 
Africa, southern Asia and South America[9] and cases of  
human infection have been found in Nepal, Iran, Mauri-
tania, Kenya and Argentina[5,17].

The G7 strain is transmitted by domestic pigs in Eu-
rope (Spain and Italy), Asia and South America, as well as 
the closely related genetic variant G9 that has been docu-
mented to affect Polish patients[16] although the animal 
reservoir is unknown. 

The G8 strains are known to be transmitted between 
wolves and wild cervids in the northern regions of  Eu-
rope, Asia and North America. Few cases of  human 
infection have been documented with a lower severity 
of  the disease than CE caused by other forms of  E. 
granulosus[22]. However, transmission between humans of  
this genetic variant seems to be low and further data is 
needed to better assess its pathogenicity.

Finally, some other genetic variants which are poorly 
characterized have been found in several countries. For 
example, the wildlife “lion” strain transmitted among 
lions and wild ungulates has been documented in Africa 
but no human infection has been found.

EPIDEMIOLOGY OF E. GRANULOSUS 
COMPLEX: WORLDWIDE DISTRIBUTION
America
The most ubiquitous taxa of  E. granulosus that occur in 
North America are the cervid strain (G8) and the sheep 

strain (G1). The former is diffused in wildlife mainly in 
Canada, Alaska and Minnesota[23]. The wildlife reservoir 
was found to be largely diffused among cervids and 
wolves, coyotes and domestic dogs[24]. EC started to be 
diagnosed in Canada after the 1950s following the intro-
duction of  routine chest X-rays for tuberculosis in some 
tribes of  native Americans (such as Indians and Eskimo) 
who were identified with pulmonary hydatidosis[24]. In the 
same period, a review of  101 autochthonous cases of  E. 
granulosus infection in Alaska were documented[22]. It has 
been estimated that 50% of  moose in Ontario and Brit-
ish Columbia are infected with the parasite[25] and that 
28%-50% of  dogs in the Canadian Northwest Territories 
are infected with E. granulosus[26]. In humans, pulmonary 
localization is quite diffuse. Indeed, a recent chart review 
performed in Alberta documented 22 definite and prob-
able cases, of  which 77% were female and 41% aborigi-
nal; 40% had pulmonary involvement and 50% hepatic 
involvement[27].

Sporadic autochthonous transmission among humans  
of  the sheep strain in the western States of  North Amer-
ica such as Arizona, California, New Mexico and Utah 
has been documented in reports from the 1960s[28]. The 
source of  these E. granulosus infections was Australian 
sheep dogs imported into Utah in 1938 when the parasite 
diffused among sheep of  this area as well as adjoining 
states through trading of  live sheep[29]. Moreover, another 
source of  infection were immigrants from countries in 
which echinococcosis disease is highly endemic, histori-
cally Icelanders, Italians and Greeks, but in more recent 
years, mostly persons of  Middle Eastern and Asian origin. 
After the Second World War, foci of  transmission involv-
ing swine and dogs were reported in several areas such the 
Mississippi valley due to the close relationship between 
humans and dogs[30] but transmission of  infection ap-

1427 April 7, 2012|Volume 18|Issue 13|WJG|www.wjgnet.com

High endemicity

Low endemicity

Figure 1  Worldwide distribution of the zoonotic strains of Echinococcus granulosus and geographical endemicity. 
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hydatidosis prevalence in animals in this area reported a 
prevalence of  infection to be 25.5% of  cattle, 30.2% of  
sheep[42] and from 11.4% to 38% of  dogs[49]. Data about 
human hydatidosis documented a seroprevalence of  6% 
in the rural population and 3.5% in the urban population 
of  Sena Madureira[50]. However, the few data available to 
allow conclusions on epidemiology of  different taxa often 
depend on control activities that are inconsistent in their 
consideration of  the economic and public health impact 
of  echinococcosis in these areas.

Australia
The most common strain currently found in Australia is 
the G1, while the G2 strain was previously also found in 
Tasmania[7,8,51]. This G2 strain probably evolved as a genet-
ically modified variant after a Tasmanian hydatid control 
campaign aimed to strictly control helminthic diffusion 
among dogs. Thus, this genetic variant became dominant 
because of  the limited gene pool on an island[18]. How-
ever, the absence of  diffusion of  the hydatid infection 
in wildlife and the intense hydatid control programmes 
allowed the eradication of  E. granulosus from Tasmania in 
the middle 1990s[52].

In Australia several areas have been documented at 
high risk of  transmission of  E. granulosus, especially in 
wildlife. The definitive hosts most commonly involved in 
transmission in south eastern Australia are represented by 
the wild dog[53,54], while the most common intermediate 
hosts are grey kangaroos and wallabies[54]. Western Aus-
tralia, south of  Perth, is another active area of  transmis-
sion of  E. granulosus[55]. In this region, similar intermediate 
hosts have been found[10] while in northern Western Aus-
tralia the source of  infection has yet to be confirmed[56]. 

However, wildlife reservoirs play the main role in 
maintaining a constant source of  transmission for domes-
tic livestock, domestic dogs and humans[53,54,57-60]. Recent 
analyses assessed infection in wild dogs caught in the out-
er suburbs of  Townsville, Queensland[61], and in those ex-
amined from the Maroochy Shire, eastern Queensland[62]. 
Sheep infection is still common in farms with a high 
number of  poorly managed domestic dogs; additionally 
livestock are often hunted by wild dogs contaminating the 
pasture with eggs of  E. granulosus[53]. However, dog and 
sheep infection prevalence seems to be decreasing over 
the last years[60], although recent surveys reported a re-
emergence of  domestic transmission of  E. granulosus in 
some rural areas of  south eastern regions where it was 
found that 29% of  344 rural dogs in New South Wales 
and 18% of  218 Victorian dogs tested positive[63]. 

Annually, new cases of  human hydatidosis appear 
stable, numbering between 80 and 100 among the entire 
country[60,64]. Human transmission has traditionally been a 
public health problem of  rural people due to E. granulosus 
infected domestic animals, but there is increasing poten-
tial for accidental exposure of  urban residents due to the 
infiltration in urban centres by infected wildlife definitive 
hosts such as foxes and wild dogs. In fact, these animals 
are attracted to public recreation areas commonly fre-

peared to have ended by mid-century[31]. Then, an epidem-
ic focus of  sheep and human infection in western states 
including California, Utah, New Mexico and Arizona in 
the mid-1960s was traced[28]. Most infections occurred in 
high-risk groups such as sheep farmers and those involved 
in home slaughter including Basque-Americans in Califor-
nia[32], Mormons in central Utah[33], and Navajo and Zuni 
Indians in New Mexico and Arizona[33-35].

As well as in the United States, all genetic variants of  
the E. granulosus complex have been introduced into South 
America with domestic animals imported from other re-
gions, such as Europe. The principal strain of  E. granulosus 
is the sheep strain (G1), widely diffused in Peru, Chile, 
Argentina and Brazil[2].

In the central Peruvian Andes, the prevalence of  hy-
datidosis in livestock has been noted to be 89% in sheep 
and 80% in cattle in a livestock raising community[36]. 
Among definitive hosts, the prevalence of  infection in 
dogs in endemic areas has been reported to range from 
32% to 46%[36-38] and from 46% to 88%[38-40]. The recorded 
surgical incidence of  CE in the central and southern Pe-
ruvian Andes has been noted to be 1-2 cases per 100  000 
inhabitants[36] and the prevalence of  asymptomatic CE be-
tween 3% and 9.3% in rural villages in the central Peruvi-
an highlands[38]. However, a study in a coastal city of  Peru 
reported an annual surgical incidence of  32 per 10  000 
for 1998[37] leading to the conclusion that incidence of  CE 
is significantly under-reported. Recently, a re-emergence 
of  transmission has been documented after the failure of  
previous control activities[41]. 

Chile is an endemic area for E. granulosus infection. 
During 2000, the prevalence of  bovine, sheep and canine 
hydatidosis for the entire country decreased to 22.3%, 
6.3% and 11%, respectively[42], after a control pro-
gram[2,43,44]. With regard to human infection, although the 
overall incidence of  diagnosed disease has been assessed 
as 2-2.5 cases per 100  000 inhabitants between 1992 
and 2004, taking under-notification into account, the 
incidence has been estimated at 10 per 100  000. A major 
endemic area for EC is the southern part of  Chile where 
annual surgical incidence ranged from 6 to 20 cases per 
100  000 in August 2005 but reaching 162 per 100  000 in 
some regions[45]. 

In Argentina, several strains of  E. granulosus and E. ortleppi 
have been found in different host animals and humans 
such as the sheep strain (G1) (mostly infecting humans), 
the Tasmanian sheep strain (G2), the cattle strain (G5) and 
the camel strain (G6)[14,46], while the pig strain (G7) has 
been detected in pigs and dogs but not humans[46]. The 
prevalence of  EC affecting livestock has been documented 
as reaching 7% of  cattle, 12.5% of  sheep, 9.8% of  pigs and 
6.0% of  goats[2]. In humans, prevalence rates depend on 
the endemicity of  the area, ranging from 1.4 per 100  000 
to 404, 260 and 30 cases per 100  000 in Neuquen, Chubut 
and Rio Negro (regions of  Patagonia), respectively[42].

In southern Brazil only sheep strain and E. ortleppi 
have been recorded[47,48], although the most endemic area 
is the southern part of  Brazil. Indeed, a recent analysis of  
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quented by urban residents to scavenge food scraps[61,65]. 
Thus, urban residents could accidentally have direct con-
tact with E. granulosus eggs through wild dog or fox faeces 
or via coprophagous flies when visiting parks and forests 
for recreational purposes. Furthermore, it has been docu-
mented that there has been a potential infection of  the 
dogs of  recreational pig hunters living in urban centres[66].

The reporting of  hydatidosis or echinococcosis does 
not depend on any monitoring system but only on indi-
vidual case reports. Thus, assessing accurate prevalence 
and incidence, as well as trend changes over time, is still 
difficult to achieve.

Western and Central Asia
The G1 strain, infecting sheep, goats, cattle and camels, is 
the most common genetic variant documented in Iran[67]. 
On the other hand, the G6 strain has also been found 
in camels, sheep and cattle in the same area[67]. Both of  
these were diagnosed in human hydatid infection con-
firming the pathogenicity of  G6 for humans[67].

In Kazakstan, it has been assessed that the preva-
lence of  infection in sheep ranges between 20%-25% in 
1-year-old sheep and 74%-80% in sheep 6 years old and 
over. Among wild and village dogs, the prevalence of  
infection is 23% and 6%, respectively[68]. Although the 
highest worm burdens have been recorded in rural dogs, 
only those closer to human habitation are responsible for 
transmitting disease to humans[68]. Human infection has 
increased since the middle 1990s till present time from 
200 surgical cases annually to the current level of  nearly 
1000 cases per year[69,70]. Similar trends in human cases 
have been assessed in all other Central Asian countries. 
However, no detailed data is available about transmission 
and diffusion of  E. granulosus infection in Central Asian 
countries.

Hydatidosis is a serious public health problem in 
Turkey where E. granulosus infection in dogs ranges be-
tween 0.32% and 40%[71]. The predominant genotype of  
E. granulosus in Turkey is the G1 strain with a prevalence 
infection rate in farm animals ranging from 26.6% to 
50.9% in sheep, from 13.3% to 35.68% in cattle, and 
reaching 22.1% in goats, 44.31% in cows and 24.39% in 
bulls in the most endemic areas such the Budur region[72], 
the Kirikkal region[73], the Afyonkarahisar district[74], and 
the Sivas region[75]. Lower rates in sheep (3.5%) and cattle 
(11.6%) have been found in less endemic areas such 
as Thrace region[76]. Surgical cases of  human hydatido-
sis have been estimated to range from 0.87 to 6.6 per 
100  000 inhabitants between 1987 and 1994[71]. A more 
recent survey based on hospital, regional and ministe-
rial documents showed that, from 2001 to 2005, a total 
of  14  789 CE surgical cases were recorded with a higher 
incidence in the Middle Anatolian region (38.57%) and 
lower in the Black Sea region[77].

Several regions of  the Arab peninsula such as Syria, 
Israel and Palestine are considered endemic for E. granu-
losus. In fact, hydatidosis is mostly associated with main 
risk factors such as livestock production, raising of  sheep 

and nomadic tribal life that characterize northern Syria, 
northern Israel and western Palestine. Epidemiological 
evidence in Syria showed a prevalence of  E. granulosus 
infection ranging between 9% and 15% in dogs and 
between 5% and 17% in livestock[78]; in Israel, ranging 
between 5.4% to 14.2% in dogs and between 4.56% and 
10% in sheep[79,80]; and in Palestine, ranging between 7.9% 
and 14.3% in dogs[81]. Human infection rates have been 
assessed in individual studies. Annual surgical prevalence 
recorded from the Al-Maqased Hospital in Jerusalem was 
documented to be 1.76 per 100  000 inhabitants in the 
middle 1990s[81], while in hospitals of  the Palestinian West 
Bank this value was 3.1 per 100 000 inhabitants, with the 
highest rates of  4.9, 5.0 and 5.1 per 100 000 inhabitants 
found in Hebron, Jericho and Bethlehem, respectively[82]. 
In an epidemiological study conducted in northern Israel 
a cumulative infection rate of  1.5 per 100 000 inhabitants 
was found[83], while in another study conducted in a Bed-
ouin group from southern Israel this rate was 0.68%[83].

China
China is one of  the most important endemic regions of  
CE[2]. The sheep strain (G1) and the camel strain (G6) are 
the only two E. granulosus strains found in China[84], both 
of  them infectious to humans[85]. The most endemic areas 
for Echinococcus spp. have been recognized as the provinces 
and autonomous regions stretching from western Xin-
jiang[86], Ningxia and Inner Mongolia, with the highest 
prevalence rates occurring in pastoral communities of  
the eastern Tibetan plateau[87-89] (south western Qinghai 
and north western Sichuan) and the Tibetan autonomous 
area of  south Gansu[90], located in western and northwest-
ern China[85,91-95]. Infection by cysts of  E. granulosus can 
be found in organs of  ungulate intermediate hosts[96-99]. 
High prevalence of  hydatid infection has been reported 
in sheep and yaks (99%), cattle (88%) and pigs (70%)[90]. 
In fact, in the western and northwestern pastoral areas of  
China, livestock pastoralism is a major industry with a to-
tal of  350 million sheep and other domesticated large her-
bivores including horses, camels, and red deer[90]. On the 
other hand, the definitive host is mainly represented by 
canids, predominantly the domestic dog. Indeed, they are 
kept in large populations in northwestern China for pas-
toralism and cultural reasons[87]. Given the close contact 
with local people, dogs are considered the most important 
definitive host transmitting E. granulosus to humans[2,87]. 
However, in certain rural regions, wild canids such as 
wolves and foxes are involved in the sylvatic cycle[2]. 

The first human CE was reported in China in 1905[86]. 
Over the last century, about 35  000 cases of  human cys-
tic echinococcosis have been treated surgically in China. 
However, given the documented 21  560 cases in Xinjiang 
alone with a prevalence of  80 cases/100 000 inhabit-
ants[86], it has been assessed that an underestimation oc-
curred in past years. Now, it has been estimated that about 
one million existing cases of  human echinococcosis occur 
in China[100]. Of  these, about 70% present with chronic 
cystic lesions of  the liver as well as in other organs includ-
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ing the brain[101]. The infection rate of  females has been 
assessed to be considerably higher than that of  males 
because of  their role in the home activities including 
feeding dogs, collecting yak dung for fuel, and milking 
livestock[87,102]. Thus, nomadic or seminomadic pastoral 
lifestyle is one of  the most important risk factors for CE 
in China, especially in western and northwestern areas 
where livestock pastoralism is a major industry[90], and 
women are more frequently exposed to the definitive 
hosts of  CE. Consequently, adults have much higher 
infection rates than children[87], and the infection rate in-
creases with age[102].

The increasing number of  diagnosed cases may reflect 
improved diagnostic methods and improved outreach 
programs. In fact, China is now recognized as a new fo-
cus for echinococcosis research.

Africa
Although most regions of  Africa are poorly researched 
and limited information is available, several taxa have been 
found in the African countries[19,103,104]. The most com-
mon strain is the G1, highly diffused in the North and 
East African sheep raising areas. Moreover, the exclusive 
presence of  the camel strain (G6) has been documented. 
In addition, wild strains such as the E. equinus (the “horse 
strain”)[105] and the “lion strain”[106] have been found in 
South Africa. However, the nature of  Echinococcus in Afri-
can wildlife is poorly documented.

In a recent study carried out in Libya, 25.8% of  stray 
dogs and 21% of  owned dogs have been assessed to be 
positive for EC[107] while another study found a prevalence 
of  58% of  hydatidosis in the same area[108]. Nevertheless, 
several surveys assessed that other animals also, especially 
camels, are frequently infected by E. granulosus[109,110], while 
infection rates in livestock varied from 1.7% to 33.4% in 
sheep, 1.0% to 13.9% in cattle, 1.4% to 40.0% in camels 
and 0% to 18% in goats[111-113], often associated with hu-
man cases[114]. The sheep strain has been considered the 
most common genetic variant diffused among humans 
in another survey, reporting a prevalence rate of  1.7% of  
20 200 patients screened by ultrasound for hydatid cysts 
in 36 villages along the northern coast of  Libya[115] and 
an incidence rate of  4.2 cases per 100 000 inhabitants in 
Eastern Libya[112]. Indeed, in a genetic survey conducted 
on 179 isolates from humans collected in the border 
area of  northwestern Kenya and south-eastern Sudan, 
only one was associated with the camel strain (G6) while 
the remaining were the common sheep strain (G1)[17]. 
On the other hand, other surveys conducted in central 
Sudan[110,116] and Egypt[117] documented the presence of  
human echinococcosis cases diagnosed as G6 and at least 
two other distinct strains (camel and equine)[118].

CE is currently of  low endemicity in Egypt with a 
mean prevalence in dogs ranging between 3.2% in ur-
ban areas and 6% in rural areas[119]. Higher prevalence 
has been documented in Cairo with about 15% of  dogs 
infected[120]. Among ruminants, confirming earlier re-

sults[121], recent data demonstrated an overall prevalence 
infection rate of  0.3% in sheep and goats, 0.68% in pigs, 
6.4% in cows and buffaloes, 2.53% in camels[121] and 
10.62% in donkeys[122]. In humans, a retrospective hos-
pital study showed an annual surgical incidence ranging 
between 1.34 and 2.60 per 100 000 inhabitants[123].

In Tunisia, echinococcosis is a major public health 
problem due to its high prevalence and morbidity. Mo-
lecular analysis has demonstrated that the most common 
genetic variants of  E. granulosus circulating in Tunisia are 
the G1 sheep strain and the G6 camel strain[124,125]. Sheep 
breeding is a significant risk factor, being practised by 
94.7% of  patients vs 58.3% of  the farming population[126]. 
A series of  studies carried out between 1999 and 2007 
assessed that the prevalence of  E. granulosus infection 
reached 10.41% in lambs (6-12 mo), 75.42% in sheep 
aged 1-2 years and 83.83 to 100% in sheep over 2 years 
old[127]; and 10.1% of  camels[124] and 40% of  sheep in a 
further analysis conducted in North-East Tunisia[128]. De-
spite the lack of  recent published data, the last report of  
EC in humans reported an annual surgical incidence of  
hydatidosis of  about 15 per 100 000 inhabitants[129].

In Algeria similar strain distribution has been found, 
identifying the sheep strain G1 infecting sheep, cattle 
and humans and the camel strain G6 infecting camels[130]. 
Dogs likely represent the main source of  infection for 
farm animals and humans[19] with a prevalence rate of  
24.8% in camels, 13.9% in cattle and 6.0% in horses[131]. 
Despite poor data regarding recently reported human 
infection, it is documented that more than 700 surgical 
cases are notified each year to the Ministry of  Health. 
Last published work assessed that the annual incidence 
of  human EC reached 3.6-4.6 per 100 000 inhabitants[132].

Morocco is considered an endemic area for echinococ-
cosis. A genotype almost similar to the common G1 sheep 
strain with some nucleotide variations was found in cam-
els and horses. Infection rate in dogs ranges from 22.0% 
to 62.8%, depending on the region[133]. In a more recent 
analysis, CE infection prevalence rates have been docu-
mented to be 10.58% in sheep, 1.88% in goats, 22.98% in 
cattle, 12.03% in camels and 17.80% in equines, mostly in 
Middle Atlas (48.72% in cattle) and in North West (37.61% 
in cattle and 31.65% in sheep)[134]. In humans, an annual 
rate of  4.55 surgical cases per 100  000 inhabitants has 
been documented in 2006, with a higher prevalence in the 
middle Atlas mountainous region[135].

Europe and the Mediterranean Basin
With the exception of  Malta and the area controlled by 
the Government in southern Cyprus, where the disease 
has been practically eliminated, all the Mediterranean 
regions including the Arab peninsula countries are facing 
problems due to CE. Indeed, in Cyprus CE had an an-
nual surgical incidence rate of  12.9 per 100 000 inhabit-
ants before the first eradication program implemented 
in the 1970s and, subsequently, a second program in the 
1990s[136]. In the northern part of  Cyprus, disease rates 
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decreased from 1.95% in dogs examined in 1998-1999 to 
0.012% in 2000-2003, from 23.58% to 6.61% in cattle, 
from 5.31% to 1.53% in sheep, while in goats rates were 
consistently below 0.5% and remained at 0.13%. On the 
other hand, the south part of  Cyprus that maintained its 
control programme was able to keep positive testing lev-
els at virtually 0%[137].

In Europe, E. granulosus is present in most countries 
with the exception of  Ireland, Iceland and Denmark. EC 
of  animals is rare in northern and central Europe with 
the exception of  cervid-transmitted echinococcosis in 
Finland and pig-transmitted echinococcosis in regions 
further east. The cervid strain in Finland was found to 
differ genetically from the previously described North 
American cervid strain G8, and was identified as a new 
strain, G10[138]. Transmission has been documented to 
occur mostly between wolves, reindeer and elks[139].

The most endemic areas have been documented to be 
the Mediterranean regions where annual incidence rates 
for human CE of  4-8 per 100 000 have been reported, 
and parts of  Eastern Mediterranean countries such as 
Bulgaria[2]. In some other eastern regions such as Poland, 
Slovakia and Ukraine, the pig strains (G6-G10) often oc-
cur as animal and sometimes human CE[140,141]. In Serbia 
and Montenegro the most frequent intermediate hosts 
for E. granulosus are pigs, with a percentage of  infected 
animals ranging between 4.6% and 57.6%[142] but no in-
formation is available about human infection. Although 
several other countries such as Albania[78], Bosnia and 
Herzegovina[143,144] are recognized as endemic for CE, 
none of  them have available published data on the exact 
incidence of  CE in livestock, carnivores or humans.

In Greece, investigation of  the prevalence and the 
genotype of  E. granulosus in sheep and goats in Pelopon-
nesus (southern Greece) revealed that sheep were infect-
ed by the G1 (sheep) strain and the G3 (buffalo) strain, 
while the 20 goats examined harboured the G7 (pig) 
strain[145]. The prevalence of  CE in farm animals ranged 
from the mid 1980s to the mid 1990s between 82% and 
56.6% in cattle, 80% and 100% in sheep, 24% and 15.4% 
in goats and 5% and 9.3% in pigs, while surgical human 
cases reached 12.9 per 100 000 inhabitants in 1984 and 
up to 29% in 1999[146]. Furthermore, surveillance in live-
stock species since 1998 has documented a prevalence 
of  31.3% in sheep, 10.3% in goats, 0.6% in pigs and 0% 
in cattle[146]. Finally, a more recent survey conducted on 
sheep in central Greece from 2002 to 2006, revealed an 
incidence rate of  39.3%[147]. In humans, the overall inci-
dence rate was estimated to have increased from 9.77 per 
100 000 in 1967[148] to 10.59 per 100 000 inhabitants in 
1983[149]; results which were confirmed in another survey 
where an incidence of  12.7 per 100 000 inhabitants (vary-
ing from 11.6 to 13.35) has been reported[150]. Incidence 
rates steadily declined in the most recent survey carried 
out in 2007 where they have been documented to be 0.122 
per 100 000 inhabitants[151]. Published data for the entire 
country are not available but according to personal com-
munications with surgeons it is estimated that approxi-

mately 800 cases of  cystic echinococcosis are diagnosed 
each year, of  which between 300 and 400 of  them were 
undergoing surgical treatment.

In Western Europe, the sheep strain (G1) is the prin-
cipal cause of  human CE. In the past, the cattle-based 
transmission cycle of  E. ortlepp in Germany and Swit-
zerland has been documented[2,152], but now cases are re-
duced to sporadic occurrence and only a single case from 
a human patient in the Netherlands has been reported[21].

In the United Kingdom, the parasite has a restricted 
distribution, being found mainly in mid and southern 
Wales[2,152]. Recently, a re-emergence of  E. granulosus in 
Wales has been reported, noting a rise in prevalence in 
rural dogs between 1989 and 2002 of  3.4% to 8.1%[153].

In Spain, CE is an endemic disease in north-eastern, 
central and western parts of  the country, with prevalence 
rates rising in the last few years. The most common 
strains found in these areas were the sheep strain (G1) in-
fecting sheep, cattle, goats, pigs, wild boars and humans, 
the pig strain (G7) infecting pigs, goats and wild boars, 
and E. equinus (old G4 strain) infecting horses[154]. In the 
province of  Alava, two recent surveys documented prev-
alence of  E. granulosus infection of  8% in the dog defini-
tive hosts[155] and 15% in Iberian wolves[156]. In the mu-
nicipality of  Madrid, it has been assessed that hydatidosis 
affected 2.88% of  sheep[157]. In Laroja region, the overall 
prevalence has been calculated to reach 20.3% in adult 
sheep and up to 23% in sheep and cows in the northeast-
ern, central and western parts of  the country[158].

With regard to human hydatidosis, a higher incidence 
of  surgical cases occurs in Salamanca, with 10.8/100 000 
inhabitants affected between the end of  the 1980s and 
2000[159]. On the other hand, in the Laroja region, prevalence 
of  CE decreased from 19 to 4 cases per 100 000 inhabit-
ants until 2000[158] and in the rest of  the country it ranges 
between 1.1 and 3.4 cases per 100 000 inhabitants[159].

In France, a surveillance system in the mid 1990s re-
vealed a prevalence of  hydatidosis of  2.5% in livestock and 
less than 0.28 per 100 000 in humans[160]. A higher annual 
incidence has been documented in Corsica (10/100 000) 
and eastern regions (4.5/100 000 inhabitants)[78]. In recent 
years, the European Centre for Disease Prevention and 
Control reported 17 human cases in 2005. 

Italy is considered a medium to high risk country for 
echinococcosis. The G1 (sheep), G2 (Tasmanian sheep), 
G3 (buffalo), G4 (horse), and G7 (pig) genotypes of  
E. granulosus are commonly found in livestock of  several 
regions of  Italy, especially in the southern part (such as in 
the Campania region), in Sardinia and in Sicily[3]. Indeed, 
the prevalence rate of  E. granulosus in sheep has been re-
ported to be 5%-28% in Basilicata, 22% in Abruzzo and 
47% in Tuscany[3]. In Sicily, CE was found in 67.1% of  
cattle, 11.13%-57.6% of  sheep and 5.6%-19% of  shep-
herd dogs[161,162]. CE prevalence of  infection in Sardinia 
has been assessed to be 70%-92.8% of  sheep, 9.4% of  
cattle, 9.4%-11.1% of  pigs, 1% of  horses and 3%-19% of  
dogs[3,163-166]. In Campania, the prevalence rate in cattle has 
been reported to range from 10.4%[167] to 14.8%[163] while in 
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buffalos this ranges from 10%[168] to 18.6%[169].
Infection of  E. granulosus in animals seems to occur 

also in several regions of  the centre of  Italy while north 
regions could be considered of  low endemicity. Indeed, 
in Central Italy medium prevalence values usually range 
from 20.2% to 47%-81.18% in sheep, from 7.34% to 
15.3% in cattle, and reach 71.97% in goats, and 0.82% in 
pigs[170-172]. In Abruzzo, prevalence infection rates in sheep 
and cattle are 20.2% and 15.3%, respectively[163]. On the 
other hand, in Emilia Romagna the prevalences were 
low for several animals: 0.39%-0.54% in cattle, 0.30% in 
sheep, 0.39% in goats, 0.34% in horses and 0.95 per mil-
lion in pigs[173]. In dogs and wolves retrieved along the 
whole Apennines the prevalence of  E. granulosus infection 
has been noted to be 31% and 15%, respectively[172,174]. 

Despite these findings, the overall national occurrence 
of  CE in farm animals can be considered low with preva-
lence rates of  0.52% of  cattle, 1.30% of  sheep, 0.6% of  
goats, 3.86% of  sheep and goats, 0.0013% of  pigs and 
0.019% of  horses[175]. On the other hand, human hydati-
dosis represents a serious public health problem, with an 
incidence of  1.3 cases per 100 000 inhabitants, a maxi-
mum of  4-8 cases per 100 000 inhabitants in Sardinia[176], 
and the occurrence of  over 1000 cases requiring surgery 
each year[177]. Endemic zones reflect animal infection, 
with higher incidence rates in Sardinia and Sicily, medium 
in the Central-South regions, and a sporadic diffusion in 
the northern part of  the country where this disease plays 
a minor role (prevalence < 1%). Annual mean incidence 
rates of  surgical cases have been reported to be 6.6-10.6 
per 100 000 inhabitants in Sardinia[178,179], 1.57-5.6 in 
Emilia Romagna[180,181], 1.22 in Lombardia, 2.30 in Sic-
ily[182], 1.76 in Basilicata, 0.46 in Campania and 2.33 in 
Apulia[178]. 

Risk factors for infection are now considered to be 
widespread use of  extensive or semi-extensive sheep 
farming (echinococcosis being a work-related disease), 
illegal slaughtering, and high numbers of  sheepdogs and 
other types of  dogs[183].

CONCLUSION
Given the wide geographic distribution, CE caused by 
E. granulosus is a re-emerging disease in several countries 
and regions, even in places where it was previously at low 
levels. Evidence suggests this is a result of  a reduction 
of  control programmes due to economic problems and 
lack of  resources, leading to severe disease, considerable 
economic loss and, definitely, a public health problem of  
increasing concern. 
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