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Importance 
Echinococcosis is a zoonotic disease caused by tapeworms in the genus 

Echinococcus. The organisms live in the intestines of the definitive hosts as adults, 
and in the internal organs of intermediate hosts as cyst-like larvae. Some species of 
Echinococcus circulate in domestic animals; others occur in wildlife (sylvatic) cycles 
or have both domestic and sylvatic cycles. Adult tapeworms are usually carried 
asymptomatically in their definitive hosts, which can include dogs, cats and wild 
carnivores. Dogs are particularly important in zoonotic transmission due to their 
defecation habits and close relationships with humans. Many mammals and 
marsupials, including humans, livestock, pets and wildlife, can act as intermediate 
hosts. Intermediate hosts are usually asymptomatic in the initial stages, but the 
growing larvae, which often develop in the liver or lungs, may eventually cause 
illness and sometimes death.  

Echinococcosis is a major public health problem in some countries, and it may be 
emerging or re-emerging in some areas. Cystic echinococcosis, the most common 
form of the disease, is caused by the members of the Echinococcus granulosus sensu 
lato complex. Because the larvae of these organisms usually develop as discrete 
single cysts, it is the least severe and most treatable form. E. multilocularis (alveolar 
echinococcosis) and E. vogeli (polycystic echinococcosis) are more serious and 
difficult to treat. The latter organisms can proliferate in intermediate hosts, forming 
masses that can infiltrate entire organs and may disseminate to distant sites including 
the brain.  

Etiology 
Echinococcosis is caused by members of the genus Echinococcus, parasitic 

tapeworms in the family Taeniidae, subclass Cestoda. Larval infections in the 
intermediate host are also called hydatid disease. Species known to affect humans or 
domestic animals include E. multilocularis, the members of the E. granulosus sensu 
lato complex, E. shiquicus, E. vogeli and E. oligarthrus. The name of the last 
organism can differ between publications: while it has been called E. oligarthrus 
since the 1920s, some authors now argue that this was based on a misspelling and is 
inconsistent with naming practices, and it should be called E. oligarthra.  

Until the last 10 years, the E. granulosus s.l. complex was considered to be a 
single species divided into 9 or 10 strains or genotypes. Some of these genotypes have 
now been elevated to species. They include E. granulosus sensu stricto, which 
comprises the former G1, G2 and G3 strains; E. canadensis, which incorporates the 
G6, G7, G8 and G10 strains; E. equinus (G4); E. ortleppi (G5); and E. felidis (the lion 
strain). Some have proposed further dividing E. canadensis into two or three species, 
but this is controversial. A G9 strain, which was isolated from a human case in 
Poland, is now considered to be a variant of G7. There might be additional species of 
Echinococcus, particularly among wildlife. 

Echinococcus larvae develop differently in the intermediate host, resulting in 
diseases with different clinical courses. The disease caused by E. multilocularis is 
called alveolar echinococcosis. Cystic echinococcosis is caused by the members of 
the E. granulosus s.l. complex. E. oligarthrus and E. vogeli cause polycystic 
echinococcosis (or neotropical polycystic echinococcosis), based on their larval forms 
in their usual intermediate hosts. Others use the term unicystic echinococcosis for E. 
oligarthrus and polycystic echinococcosis for E. vogeli, after the forms of the larvae 
seen, to date, in human cases. 

Species Affected 
Echinococcus cycles between one or more definitive and intermediate hosts, 

typically in a predator/ prey or scavenger/prey cycle involving mammals and/ or 
marsupials. In some intermediate hosts, larvae tend to form noninfectious (“sterile”) 
rather than infectious (“fertile”) cysts. These hosts (which may also be called 
accidental or aberrant hosts) can become ill but do not contribute significantly to the 
organism’s life cycle. Whether a host is a true intermediate host or an aberrant host is 
not clear in many cases, especially when only a few animals have been investigated. 
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Carnivores, especially canids, felids, mustelids and 
hyaenids, usually act as definitive hosts, while most 
intermediate hosts are herbivores or omnivores. There are a 
few old reports of hydatid cysts in birds, but the accuracy of 
these reports has been questioned. 

Echinococcus granulosus s. s. 
Dogs are usually the definitive hosts for E. granulosus 

s.s. in the domestic cycle. Sylvatic cycles are perpetuated 
by wild canids including various species of foxes, dingoes 
(Canis lupus dingo), golden jackals (C. aureus), wolves (C. 
lupus) and hyenas. This organism has also been detected in 
genets and wild lions (Panthera leo).  

Sheep are thought to be the most important 
intermediate hosts, but infections have been found in many 
other species including goats, cattle, water buffalo, yaks, 
pigs, wild boar, warthogs (Phacochoerus spp.), camelids, 
horses and other equids, cervids and other wild ungulates, 
European hares (Lepus europaeus) and cats. Macropod 
marsupials such as wallabies (Macropus spp. and Wallabia 
spp.) and kangaroos (Macropus spp.) are important in a 
wildlife cycle in Australia.  

Echinococcus equinus 
The definitive hosts for E. equinus are canids, 

including dogs. Infected lions and black-backed jackals (C. 
mesomelas) have been found in parts of Africa.  

Equids such as horses, donkeys and zebras are the 
major intermediate hosts. A few sterile E. equinus cysts 
were found in experimentally infected sheep. One attempt 
to infect rhesus macaques (Macaca mulatta) failed, which 
led to the belief that this organism does not affect primates; 
however, it was recently found in a captive red ruffed lemur 
(Varecia rubra) and a ring-tailed lemur (Lemur catta).  

Echinococcus ortleppi 
The definitive hosts for E. ortleppi are canids. Known 

hosts include dogs and jackals.  
Cattle are important intermediate hosts, but E. ortleppi 

has also been reported in water buffalo, sheep, goats, pigs, 
camels, a zebra, oryx (Oryx gazella), a captive Philippine 
spotted deer (Rusa alfredi), at least two nonhuman primates 
(a captive ring-tailed lemur and a captive red-shanked douc 
langur, Pygathrix nemaeus) and a captive crested porcupine 
(Hystrix cristata). 

Echinococcus canadensis 
Dogs and other canids are the definitive hosts for E. 

canadensis. Wolves are thought to be major hosts in some 
sylvatic cycles, but other wild canids may be regionally 
important. 

E. canadensis occurs in diverse intermediate hosts 
including cervids, camels, cattle, small ruminants, pigs, 
wild boar and other species. The G8 and G10 genotypes 
mainly infect cervids (including semi-domesticated 
reindeer, Rangifer tarandus), while the G6 and G7 
genotypes generally occur in other hosts; however, G6 has 

been described in reindeer, and G8/G10 occurred in a 
muskox (Ovibos moschatus) and two mountain goats 
(Oreamnos americanus), with possible additional reports in 
a pig and an American bison (Bison bison).   

Echinococcus felidis 
Lions are important definitive hosts for E. felidis. This 

organism also occurs in spotted hyenas (Crocuta crocuta) 
but an attempt to infect dogs was unsuccessful.  

Reported intermediate hosts include zebras (Equus 
quagga), wildebeest (Connochaetes spp.), warthogs, 
bushpigs (Potamochoerus larvatus, P. porcus), 
hippopotami (Hippopotamus amphibius), African buffalo 
(Syncerus caffer) and various species of antelope. Some 
cysts in warthogs and hippopotami were confirmed as E. 
felidis by genetic methods, and zebras were substantiated as 
an intermediate host by experimental infection of lions, but 
it is possible that some hosts were infected with other 
species of Echinococcus.  

Echinococcus multilocularis 
Foxes are the most important definitive hosts for E. 

multilocularis. Red foxes (Vulpes vulpes) and Arctic foxes 
(Alopex lagopus) are major hosts, while Tibetan foxes (V. 
ferrilata) and sand foxes (V. corsac) are regionally important. 
Other canids including wolves, coyotes (C. latrans), raccoon 
dogs (Nyctereutes procyonoides), golden jackals and dogs 
can also be infected. Dogs have a minor role in most areas, 
but they are important hosts in a few regions, such as parts of 
China and certain indigenous communities in northwestern 
Alaska (St. Lawrence Island). E. multilocularis has also been 
reported in felids such as lynx (Lynx spp.), wild cats (Felis 
silvestris) and housecats. The importance of housecats in 
shedding eggs is debated, but most individuals seem to have 
a low tapeworm burden and cats are generally said to have a 
minimal role. A few mature tapeworms were found in 
experimentally infected pine martens (Martes martes), and 
immature tapeworms were described in experimentally 
infected American black bears (Ursus americanus); however, 
bears and mustelids are not generally thought to be good 
hosts for this organism.  

Rodents and other small mammals (e.g., voles of the 
species Microtus and Alticola; water voles, Arvicola spp; 
shrews; muskrats, Ondatra zibethicus; nutria, Myocastor 
coypus) are the usual intermediate hosts. Infections have 
been also been reported in diverse other species including 
lagomorphs, hyraxes, pigs and wild suids, horses, 
macropods, dogs and cats, and various non-human 
primates. Some hosts, such as pigs and horses, are not 
thought to be involved in perpetuating the parasite, as cyst 
development usually seems to stop at an early stage.  

Echinococcus shiquicus 
Echinococcus shiquicus has been described in plateau 

pikas (Ochotona curzoniae), which serve as the intermediate 
host, and Tibetan foxes (Vulpes ferrilata), which are the 
definitive hosts. Its tapeworms can mature in dogs. 
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Echinococcus vogeli 
The bush dog (Speothos venaticus) is the most 

important definitive host for E. vogeli. Cerdocyon thous, 
the crab-eating fox, has been infected experimentally, and 
other wild canids might be susceptible. Dogs can be 
infected with these tapeworms.  

Pacas (Cuniculus paca) seem to be the most important 
intermediate hosts, but larvae have also been reported in 
agoutis (Dasyprocta spp.), nutrias and nine-banded 
armadillos (Dasypus novemcinctus), as well as in captive 
nonhuman primates. 

Echinococcus oligarthrus 
The definitive hosts for E. oligarthrus are wild felids 

including the pampas cat (Leopardus colocolo), Geoffroy’s 
cat (L. geoffroyi), ocelot (L. pardalis), jaguarundi 
(Herpailurus yagouaroundi), jaguar (Panthera onca),and 
puma (Puma concolor). E. oligarthrus was found in a 
bobcat (Lynx rufus) in northern Mexico, and it can mature 
in experimentally infected housecats.  

Intermediate hosts for E. oligarthrus include agoutis, 
spiny rats (Proechimys spp.) and pacas. Infections have also 
been reported in opossums (Didelphis marsupialis) and 
eastern cottontails (Sylvilagus floridanus). Climbing rats 
(Tylomys panamensis), cotton rats (Sigmodon hispidus) and 
Mongolian gerbils (Meriones unguiculatus) have been 
infected experimentally.  

Zoonotic potential 
As of 2020, E. granulosus s.s., E. canadensis, E. 

ortleppi, E. multilocularis, E. vogeli and E. oligarthrus 
have been detected in people, though E. oligarthrus seems 
to be very rare. There are no reports of human infections 
with E. equinus or E. felidis to date. One organism found in 
a person in Africa appeared to be related to E. granulosus 
s.s. and E. felidis but could not be assigned to any of the 
known genotypes of E. granulosus s.l. and might be an 
unknown wildlife strain. 

Geographic Distribution 
The E. granulosus s.l. complex occurs worldwide, with 

a few exceptions such as Iceland and Greenland. Its 
distribution tends to be focal. Human illnesses are 
particularly common in parts of South America, the 
Mediterranean Basin, Eastern Europe and Asia. Of the 
members of this complex, E. granulosus s.s., E. canadensis 
and E. ortleppi are cosmopolitan and widespread. There are 
scattered reports of E. equinus in parts of Europe, the 
Middle East and Africa, and it probably also occurs 
elsewhere. One case in a horse in the U.S. was thought to 
be E. equinus, but genetic methods were not used for 
confirmation. E. felidis is thought to exist only in Africa.  

E. multilocularis has been reported in much of northern 
and central Eurasia eastward to Japan. It is widely 
distributed in continental Europe. It also occurs in the 
northern regions of North America, where it is primarily 

found in Canada, Alaska and the north central U.S. from 
Montana to central Ohio. There are scattered reports of E. 
multilocularis in the southern hemisphere, but at least some 
of the cases in South America might have been E. vogeli. 

E. vogeli and E. oligarthrus have been found in Central 
and South America. E. shiquicus has only been reported 
from the Tibetan plateau in China.  

Transmission and Life Cycle 
Echinococcus tapeworms have an indirect life cycle, 

which can only be completed with both an intermediate and 
a definitive host, typically a predator or scavenger and its 
prey. Adult tapeworms develop in the small intestine of the 
definitive host, and the larval metacestodes form bladder-
like hydatid cysts in the intermediate host, usually in the 
internal organs.   

Echinococcus granulosus s. l. 
Definitive hosts become infected when they ingest 

infectious E. granulosus s. l. cysts in raw or undercooked 
tissues from an intermediate host. The larvae develop into 
tiny tapeworms, which consist of a scolex attached to the 
intestinal wall, followed by the parasite’s neck and a short 
series ( ≤ 7 segments) of flattened immature, mature and 
gravid proglottids (segments). Gravid proglottids containing 
eggs detach from the worm and are shed in the feces. Most 
animals have an average of 50-200 tapeworms, but some 
individuals may carry more than a thousand. The patent 
period usually ranges from 32 to 80 days, depending on the 
host animal and species of Echinococcus. Adult tapeworms 
usually stop laying eggs after 6-10 months in dogs, though 
they can sometimes remain alive for up to three years.  

Echinococcus eggs are infectious immediately, and 
their sticky coat can adhere to fomites, including the 
animal’s fur. In the environment, they survive best under 
moist conditions and in moderate temperatures. They are 
destroyed quickly if exposed to direct sunlight and 
desiccation: 90% of eggs placed in direct sunlight in a petri 
dish may become nonviable within a day. Under ideal 
conditions, however, they can remain infectious for several 
weeks or months, with some reports of survival up to a 
year. In one study, some eggs still hatched and developed 
into cysts in sheep after being kept outside in canine feces 
for almost 3.5 years in Argentina. However, these eggs no 
longer seemed able to complete their life cycle: all of the 
cysts examined appeared to be sterile (noninfectious to the 
definitive host).   

Intermediate hosts become infected when they eat eggs 
or gravid proglottids, often in plant material (pastures, 
vegetables, fruits), but also on other contaminated foods, 
water, hands and other fomites. The eggs hatch in the 
intestine, and the larvae (oncospheres) penetrate the 
intestinal wall and are carried in blood or lymph to their 
final location, where they develop into cysts. Although 
cysts can be found almost anywhere, the vast majority 
develop in the liver and, less frequently, the lungs.  
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Each fluid-filled cyst is surrounded by a fibrous wall 
from the host and contains two walls derived from the 
parasite, including an inner membrane called the germinal 
layer. Structures called brood capsules, each of which 
contains one to several protoscolices, develop from the 
germinal layer. Each protoscolex can develop into an adult 
tapeworm if it is ingested by the definitive host. Brood 
capsules either float freely or adhere to the cyst wall. Loose 
capsules and protoscolices are known as “hydatid sand” and 
can develop into new cysts if they are released into the 
body, for instance if a cyst ruptures. Sterile cysts never 
produce brood capsules or protoscolices. Bacterial 
infections can also render cysts sterile. 

E. granulosus s.l. cysts tend to grow slowly, generally 
increasing their diameter from < 1 cm to 5 cm each year. 
Sometimes they may persist unchanged for years. Cysts can 
also spontaneously degenerate and die, and may become 
calcified. Degenerating cysts may still contain viable 
hydatid sand for a time, though heavily calcified cysts are 
usually no longer infectious.   

Echinococcus multilocularis 
The life cycle and transmission of E. multilocularis is 

very similar, but the form of the larva is different and dogs 
and cats (but not foxes) can become intermediate as well as 
definitive hosts. The patent period in the definitive host is 
28-35 days. Experimentally infected dogs and foxes shed 
eggs for 1 day to 4 months, with shedding becoming more 
irregular toward the end of this time. The adult worms 
probably survive in the definitive host for about 5 months. 
E. multilocularis eggs remained viable in the environment 
for 2-8 months under various climatic conditions in 
Germany, and for 2 years or more in some other reports. 

E. multilocularis larvae almost always develop initially 
in the liver of the intermediate host. The germinal membrane 
proliferates externally, rather than internally, to form a 
multilocular (multichambered) mass with many small cysts, 
which may be embedded in fibrous connective tissue or a 
semisolid matrix The structure can contain hundreds to 
thousands of protoscolices in some intermediate hosts, and 
few or none in others. The mass is not encapsulated and it is 
very invasive. It can completely infiltrate the liver as it 
grows, may spread to nearby organs and tissues, and can 
metastasize to distant body sites. However, this aggressive 
course does not occur in all individuals; in some cases, the 
primary cyst dies early in its development.  

Echinococcus vogeli 
E. vogeli cysts are mainly found in the liver of the 

intermediate host, but they can also occur in the lungs and 
other organs. In pacas, which are the usual intermediate 
host, E. vogeli forms fluid-filled cysts, 2-80mm in diameter, 
which occur singly or as aggregates and may be 
interconnected. In accidental hosts such as primates, it also 
undergoes exogenous proliferation to form multichambered 
cysts with endogenous daughter cysts, resulting in an 

invasive mass that resembles E. multilocularis. Exogenous 
proliferation does not seem to occur in the natural host.  

Echinococcus oligarthrus 
E. oligarthrus cysts have been found in the muscles, 

subcutaneous tissues and internal organs (e.g., heart, lungs) 
of its usual intermediate hosts. They resemble E. vogeli and 
can reach up to 5 cm in diameter. Exogenous proliferation 
has not been reported in any species Individual single or 
multiple cysts were seen in the rare cases in humans. 

Disinfection 
Echinococcus eggs can be inactivated by heat (e.g., 

70°C/ 158°F for 30 minutes, boiling), freezing at –80°C (-
112°F) for 48 hours or –70°C (-94°F) for 4 days, or 
desiccation. They are particularly sensitive to a combination 
of elevated temperatures and desiccation. Laboratories can 
be decontaminated by setting the environmental conditions 
to ≤ 40% humidity and 30°C (86°F) for at least 48 hours. 

Taeniid eggs are resistant to chemical disinfectants, 
though they can be dissolved by prolonged exposure to 
various hypochlorites and some copper-based compounds. 
Sodium hypochlorite works most quickly when it is 
strongly alkaline; more neutral solutions are slower. Some 
disinfectants such as formalin, chlorine gas, certain freshly-
prepared iodine solutions (but not most iodides) or lime can 
inhibit hatching of the embryo and reduce the number of 
viable eggs; however, some embryos may remain viable 
and can be “rescued” by conditions that dissolve the egg 
coat, such as brief exposure to sodium hypochlorite. One 
study found that a commercial disinfectant containing 
3.75% sodium hypochlorite destroyed a significant 
percentage of Echinococcus eggs within a short time, 
though all sources of sodium hypochlorite do not seem as 
effective. E. granulosus eggs treated with 5-10% 
glutaraldehyde for one hour had reduced infectivity in mice, 
and treatment of eggs with 1.6 mg/ml bunamidine 
hydrochloride for 1 hour also seemed to be promising.  

Infections in Animals 

Incubation Period 
Echinococcus cysts grow slowly and do not usually 

become symptomatic until they damage adjacent tissues 
and organs. E. granulosus s.l. cysts probably have an 
incubation period of years in many cases, but E. 
multilocularis can kill its rodent intermediate hosts within 
weeks. 

Clinical Signs 
Definitive hosts 

Echinococcus spp. tapeworms are usually carried 
asymptomatically in their definitive hosts. Large numbers 
of parasites may be able to cause enteritis and diarrhea, but 
this seems to be rare; dogs and foxes can have thousands of 
tapeworms with no clinical signs. 
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Intermediate hosts –cystic echinococcosis 
(Echinococcus granulosus s. l.) 

Clinical cases caused by E. granulosus s.l. have been 
reported sporadically in diverse species including sheep, 
reindeer, nonhuman primates, macropod marsupials 
(kangaroos, wallabies) and a cat, but livestock are often 
slaughtered before the cysts become symptomatic. If 
clinical signs are seen, they are those of a mass lesion and 
vary with the organ affected. Most cysts occur in the liver 
or lungs. Cysts in the liver can cause hepatic signs 
including abdominal distention and discomfort/pain, ascites 
and jaundice, as well as nonspecific signs such as poor 
growth, malaise or weakness. Cysts in the lungs sometimes 
lead to respiratory signs including bronchopneumonia and 
respiratory compromise. Cysts may be found occasionally 
at many other sites such as the CNS, bone, heart or 
abdominal cavity, with diverse signs including heart failure, 
abdominal distention or lameness. Sudden death has been 
reported in some zoo animals. 

Intermediate hosts – alveolar echinococcosis 
(Echinococcus multilocularis) 

E. multilocularis usually affects the liver, but in 
advanced cases, metastatic lesions may be found in other 
organs such as the lungs, spleen, bone and brain. Metastatic 
disease may cause severe illness and death within weeks. 
Progressive abdominal enlargement, often without severe 
clinical signs, is the most commmon presentation of 
alveolar echinococcosis in dogs. Ascites, abdominal 
masses, hepatomegaly, dyspnea, intermittent diarrhea, 
nausea, vomiting and nonspecific signs of illness (e.g., 
lethargy, weight loss) may also be seen. Fever is possible 
but uncommon. Unusual cases have also been reported: one 
dog had a single cystic lesion in the subcutaneous tissues. 
Alveolar echinococcosis in nonhuman primates resembles 
the illness in dogs. Pigs, wild boar and horses can have 
asymptomatic hepatic lesions (either calcified, degenerated 
cysts or fertile cysts) as an incidental finding at necropsy.  

Intermediate hosts – polycystic echinococcosis 
(Echinococcus vogeli and E. oligarthrus 

At least two outbreaks caused by E. vogeli, one 
affecting nutrias and the other in nonhuman primates, have 
been reported in zoos. Orangutans (Pongo abelii) and 
gorillas (Gorilla gorilla) developed severe clinical signs 
including abdominal distension, and a number of animals 
died or had to be euthanized. E. vogeli does not seem to be 
symptomatic in pacas, the natural host, unless the cysts 
become very large. 

E. oligarthrus localizes in the internal organs, 
subcutaneous tissues and muscles of its normal intermediate 
hosts. It has not been documented in domestic animals. 

Post Mortem Lesions     Click to view images 

Tapeworms are found in the small intestine of the 
definitive host but they are not usually accompanied by 
significant lesions. Adult E. multilocularis are typically 

around 1-4 mm, E. oligarthrus approximately 2-3 mm, E. 
granulosus 2-11 mm and E. vogeli 4-6 mm. Most species 
have five or fewer segments, but some individual 
specimens may have up to seven.  

E. granulosus s.l. larvae usually form individual fluid-
filled cysts, surrounded by a fibrous wall, in their 
intermediate hosts. Multilocular cysts have been reported 
occasionally. The cysts are generally most common in the 
liver, followed by the lungs and, less often, other organs or 
tissues including the bones. They are usually around 1-7 cm 
in diameter, but some can become much bigger. Some cysts 
may be calcified, necrotic or infected. Early lesions appear 
as small white nodules and are easily missed. Cysts that are 
not visible can sometimes be detected by palpation or found 
when the target organs are incised.  

E. multilocularis usually develops initially in the liver, 
though there are rare reports of single lesions at other sites 
(e.g., the omentum, subcutaneous tissues). Disseminated 
disease can affect many organs and tissues, particularly the 
lung and CNS. E. multilocularis forms multilocular cysts 
with a semisolid matrix that often infiltrates the tissues and 
can resemble a malignant tumor. The mass may be firm and 
lobulated or contain viscous yellowish fluid, and can have 
many scattered transparent or whitish cysts a few 
millimeters to centimeters in diameter.. Large necrotic 
cavities are sometimes present in its interior. Fibrosis is 
prominent in the lesions of some (but not all) aberrant 
intermediate hosts such as dogs or gorillas, but not the usual 
small mammal hosts. Damage to the liver can result in 
various lesions including granulomatous inflammation, 
icterus or signs of peritonitis. In pigs, which are relatively 
resistant to this organism, E. multilocularis lesions may 
appear as sharply demarcated, dense white foci, 
approximately 1-20 mm in diameter.  

In their natural hosts, the cysts of E. vogeli and E. 
oligarthrus can occur singly or as aggregates. E. vogeli 
lesions in aberrant intermediate hosts can resemble E. 
multilocularis. 

Diagnostic Tests 
Definitive hosts 

Echinococcus eggs may be detected during routine 
fecal examination, though taenid eggs are not concentrated 
efficiently by the usual flotation techniques for helminth 
eggs. Some flotation solutions and flotation/ sedimentation 
methods are more effective than others. If echinococcosis is 
not suspected, infected animals can be missed because the 
eggs are morphologically indistinguishable from Taenia 
spp., and the tiny proglottids are rarely noticed in the feces. 
Coproantigen ELISAs and PCR tests (copro-DNA assay) 
can identify Echinococcus antigens or nucleic acids, 
respectively, in fecal samples or recovered eggs. They can 
detect both prepatent and patent infections. At present, 
these tests are used mainly in research. Some PCR tests can 
distinguish Echinococcus species. 
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Surveillance programs in endemic areas have 
sometimes employed purgation with arecoline compounds 
or other agents to detect tapeworms in dogs; however, this 
is labor-intensive and arecoline is potentially toxic. A 
hand lens can be used to examine the intestines for the 
parasites at necropsy. The species of tapeworm can be 
identified by morphology or genetic techniques (e.g., PCR 
followed by sequencing or restriction fragment length 
polymorphism analysis). 

Intermediate hosts 
In live hosts, ultrasound and other imaging methods 

can help visualize the cysts. Biopsies, fine needle aspiration 
or exploratory surgery can also be used. The possibility of 
cyst leakage or rupture, which could disseminate the 
parasites or cause anaphylaxis, should be considered if fine 
needle aspiration is employed. Recovered cyst fluid can be 
examined for protoscolices, hooklets and other evidence of 
the parasites, though they may not be found in all cases 
(e.g., sterile cysts). Various stains including Ziehl-Neelsen, 
Wheatley trichrome or Ryan trichrome blue, Baxby and 
modified Baxby can be helpful. Cyst fluid can also be 
tested for Echinococcus antigens with an ELISA, or for 
parasite DNA with PCR tests. Many cysts in animals are 
found at necropsy. Cysts in tissues can be identified by 
histology and the species can be distinguished with various 
DNA techniques. Immunohistochemistry can also be 
helpful, though it is not widely available.  

Serological tests are not used routinely for diagnosis in 
domestic animals. Where available, they might be of some 
value in conjunction with imaging, though cross-reactions 
with Taenia are an issue. ELISA tests have been developed 
for serological diagnosis of infected sheep flocks, but they 
are not reliable in individual animals.  

Treatment 
Definitive hosts can be treated with various 

anthelminthic drugs. Praziquantel, the most commonly used 
agent, is effective against both immature and adult 
tapeworms.  

There is relatively little experience in treating animal 
intermediate hosts, especially those infected with E. 
multilocularis or E. vogeli. Surgery is often the treatment 
of choice for cysts that can be completely resected. Long-
term treatment with benzimidazoles (e.g., albendazole or 
mebendazole) may suppress some cysts and/or prolong the 
animal’s life in non-surgical cases. Drugs are also used as 
an adjunct to surgery, especially for E. multilocularis. 
Non-curative debulking of an E. multilocularis mass is no 
longer recommended in humans infected with this 
organism, and there was no evidence that it was helpful in 
a few dogs.  

 
 
 

Control 
Disease reporting 

Veterinarians who suspect echinococcosis should follow 
their national and/or local guidelines for disease reporting. 
State regulations should be consulted in the U.S. 

Prevention 
Intestinal carriage of Echinococcus can be prevented in 

cats, dogs and captive carnivores by not feeding them raw 
or undercooked animal tissues (e.g., sheep entrails) and by 
not allowing them to hunt or roam. Potentially infected 
tissues can be cooked or frozen before feeding to destroy 
the parasite.  

Echinococcosis in the intermediate host is controlled 
by reducing its exposure to parasite eggs. Periodic 
deworming of farm dogs is the cornerstone of control or 
eradication programs for E. granulosus s.s. in sheep. Dogs 
that might be infected with Echinococcus should not be 
allowed onto pastures where livestock may graze. Stray 
dogs have been culled in control programs in some areas, 
particularly where echinococcosis is an issue in humans. In 
some countries, foxes are treated with praziquantel in bait 
to decrease the incidence of E. multilocularis. Foxes have 
also been culled, but these programs are controversial, the 
effects on the fox population can be complex, and their 
effectiveness is debated.  

One zoo with E. multilocularis issues in nonhuman 
primates set up a program to safeguard the animals’ food by 
washing and steaming vegetables, sourcing vegetables to be 
fed raw from areas where this organism is not thought to 
occur, and storing all food indoors. Wood chips used in the 
exhibit are heat treated.   

A recombinant vaccine (EG95) for E. granulosus in 
sheep has been licensed in a few countries. It can reduce the 
risk of infection but is not useful against existing cysts. This 
vaccine may also be also effective in goats and cattle. 

Morbidity and Mortality 
The prevalence of E. granulosus s.l. in livestock can 

vary significantly: more than 30% of dogs and up to 80-
100% of sheep and/or cattle have been infected in some 
areas, while the incidence in other locations is much lower. 
Infections in livestock often increase with age. 
Echinococcus tapeworms seem to cause little or no 
morbidity in the definitive host. Most E. granulosus s.l. 
cysts in livestock also seem to be asymptomatic, probably 
due to the relatively short lifespan of these animals. Clinical 
cases are more likely to be seen in animals that live out 
their natural lifespan, such as pets or zoo animals. 
Untreated cases may eventually be fatal. 

E. multilocularis tapeworms can be found in 1% to > 
60% of wild canids (especially foxes), depending on the 
region. This parasite typically infects < 1% of dogs and 
cats; however, up to 12% of dogs may carry it in a few 
areas, such as parts of China. Surveys have also found E. 
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multilocularis cysts in < 0.5% to 10% of livestock. 
Susceptibility to this organism differs between host species. 
Pigs seem to be relatively resistant, and the growth of the 
larvae is suppressed. In contrast, the infection can 
sometimes progress quickly in dogs and nonhuman 
primates, with some animals becoming symptomatic while 
they are still young. In some outbreaks at zoos, the disease 
disproportionately affected one species (e.g., gorillas, ring-
tailed lemurs), possibly due to their susceptibility to this 
organism and/or behavioral factors. A suspected 
spontaneous recovery, with a small, inactive calcified cyst, 
was reported in a Celebes crested macaque (Macaca nigra) 
during one outbreak. Untreated clinical cases caused by E. 
multilocularis are expected to be fatal in a high percentage 
of animals. The efficacy of treatment is influenced by the 
stage of the disease.  

Infections in Humans 

Incubation Period 
Clinical signs in humans usually appear months to 

years after infection. The incubation period can be as long 
as 20-30 years in cystic echinococcosis if the cyst is not in a 
critical location. Most cases of alveolar echinococcosis are 
thought to become apparent in about 5-15 years. 

Clinical Signs 
The symptoms of echinococcosis vary with the size, 

number and the location of the cysts. Cysts are usually 
asymptomatic until they become large enough to damage 
adjacent tissues.  

Cystic echinococcosis  
(Echinococcus granulosus s. l.) 

The symptoms of cystic echinococcosis usually 
resemble those of a slowly growing tumor, and vary with 
the organ. Cysts can also be incidental findings at surgery 
or autopsy. Some cysts that have degenerated and died can 
leave a calcified lesion. 

Most people have only a single cyst, most often in the 
liver and, less frequently, the lungs. Common symptoms of 
liver cysts are abdominal pain, nausea, vomiting and 
indigestion. In some cases, there may also be 
hepatomegaly, anemia, pleural pain, ascites or portal 
hypertension. Cysts that obstruct the biliary system can 
mimic gallstones, resulting in pain or cholestatic jaundice. 
Fever or nonspecific signs such as anorexia, weight loss and 
weakness may also be seen. Cysts in the lungs sometimes 
cause respiratory signs including chronic cough, chest pain, 
dyspnea and/or hemoptysis.  

Cysts are found occasionally in the bones, kidneys, 
spleen, peritoneal cavity or CNS, and uncommonly in 
numerous other locations (e.g., heart, ovary, muscles, 
salivary gland, appendix, periorbital tissues). Cysts in the 
spleen and kidneys often have no early signs and an 
insidious progression, though pain or discomfort is 

possible, and urinary signs (e.g., hematuria, fever associated 
with pyelonephritis), have been reported. Cysts in the bones 
may result in spontaneous fractures, pain, swelling, 
functional impairment and/or muscle wasting. They tend to 
infiltrate the bone, destroying its structure.  

Cysts affecting the CNS generally occur in the brain; 
spinal cord involvement is rare. Unlike cysts in other 
organs, these cases often become symptomatic in children 
and young adults. The most common signs in children are 
those of elevated intracranial pressure and may include 
headache, nausea, vomiting and papilledema. Focal 
neurological signs are also common in adults. The specific 
signs depend on the location of the cyst, and can include 
visual disturbances, speech disorders, seizures or motor 
disturbances including hemiparesis.  

Leakage of cyst fluid can cause allergic reactions such 
as shaking, chills and/or fever, asthma, pruritus, urticaria or 
life-threatening anaphylaxis. It can also seed larvae to other 
locations if hydatid sand is released. The rupture of a cyst 
may result in acute abdomen, if the cyst is located in the 
liver or peritoneal cavity. Ruptured cysts in any location 
can cause anaphylactic shock. Cysts may also become 
secondarily infected by bacteria and develop into abscesses. 

Alveolar echinococcosis -  
(Echinococcus multilocularis) 

E. multilocularis sometimes dies early in its 
development in humans, but cysts that survive behave like 
tumors, progressively infiltrating tissues and sometimes 
metastasizing to distant sites. The initial lesion almost 
always occurs in the liver, and the course of the disease in 
immunocompetent people is usually slow. Patients are 
typically asymptomatic in the early stages, but they 
eventually develop signs that may include hepatomegaly, 
epigastric pain, or cholestasis with or without jaundice. 
Some cases are diagnosed during a workup of fatigue or 
enlarged liver. Ascites, malnutrition and signs of hepatic 
failure may occur in the later stages. Possible complications 
include biliary cirrhosis, portal hypertension, cholangitis 
(which may result in septicemia), bacterial infection of 
necrotic cavities in the lesion, chronic Budd-Chiari 
syndrome or stroke. Metastatic lesions at other sites (e.g., 
brain, lung, mediastinum) can cause additional signs related 
to the location. Metastatic disease can be rapidly fatal. 

Polycystic hydatidosis   
(E. vogeli and E. oligarthrus) 

Illnesses caused by E. vogeli tend to resemble alveolar 
echinococcosis, with invasive lesions that usually occur 
initially in the liver and can metastasize to other sites. In 
some cases, however, the initial lesions have occurred at 
other sites such as the mesentery or stomach. In one 
atypical case, a person had a single well-circumscribed 
hepatic cyst that was initially thought to be E. granulosus. 
Some E. vogeli larvae may spontaneously die and 
degenerate, leaving calcified cyst remnants.  

http://www.cfsph.iastate.edu/
mailto:cfsph@iastate.edu


Echinococcosis 

© 2004-2020 www.cfsph.iastate.eduxEmail: cfsph@iastate.edu page 8 of 14 

E. oligarthrus has been reported only rarely in humans. 
In two cases, a single cyst behind the eye caused irritation 
of the eye, exophthalmia and blindness. Cysts were also 
found in the heart of a person who had died of tetanus. The 
lesions included an enlarged heart, myocarditis and excess 
pericardial fluid. 

Diagnostic Tests 
In humans, echinococcosis is usually diagnosed with 

imaging techniques such as ultrasound, radiology, magnetic 
resonance imaging (MRI) or CT scanning, supported by 
serology. A number of serological tests may be available, 
including ELISAs, indirect immunofluorescence, indirect 
hemagglutination, immunochromatographic tests and 
immunoblotting. Immunoblotting is generally used as a 
confirmatory test for other assays. False negative and false 
positive reactions are relatively common in serological 
tests. False negative reactions are particularly prevalent in 
people infected with E. granulosus s.l., though they may 
also be seen with E. multilocularis, especially in  the early 
stage when the cyst is still small.  

As in animals, ultrasound-guided fine-needle puncture 
can distinguish cysts from tumors, abscesses and other 
lesions. When a lesion in the lungs has opened into the 
airways, protoscolices are sometimes found in sputum or 
bronchial washings. Histopathology may be sufficient to 
identify recovered cysts as Echinococcus in tissues, but 
immunohistochemistry or PCR tests can be valuable in 
some cases. Echinococcus species can be distinguished by 
PCR on cyst tissues, followed by sequencing or restriction 
fragment length polymorphism analysis.  

Treatment 
Treatment can include surgery, anthelmintic drugs, the 

PAIR (puncture, aspiration, injection, and re-aspiration) 
technique and occasionally other methods. Surgery is often 
used for E. granulosus s.l. cysts and smaller E. 
multilocularis lesions that can be completely resected. 
Palliative (debulking) surgery is no longer recommended 
for E. multilocularis, as it is not superior to drug treatment 
alone. Anthelmintic drugs are an alternative to surgery in 
some cases. Long-term drug treatment also helps prevent 
the growth of metastatic cysts after surgical removal of E. 
multilocularis. Commonly used anthelmintic drugs for 
Echinococcus spp. include albendazole, mebendazole, or a 
combination of albendazole and either praziquantel or 
nitazoxanide.  

The PAIR technique is an option for cystic 
echinococcosis but not alveolar echinococcosis. In this 
technique, most of the cyst contents are removed under 
ultrasound guidance, and a chemical (e.g., hypertonic 
saline, 95% alcohol or cetrimide) is introduced into the cyst 
to destroy its germinal layer. A modified method evacuates 
the complete cyst after chemical inactivation. Bone lesions 
can be particularly difficult to treat, and radiation has been 
used in rare instances when they failed other treatments. 

Sometimes a “wait and see” approach might also be 
appropriate, such as with small inactive cysts in certain 
locations. In severe cases of alveolar echinococcosis, a liver 
transplant may be an option, though the effects of 
immunosuppression on any metastases must be considered. 
Autotransplantation of the patient’s own unaffected sections 
of liver is under investigation. 

Prevention 
Control programs directed at Echinococcus spp. in 

domestic animals, especially regular deworming of dogs 
and cats, reduce human exposure. In some areas, foxes have 
been treated with antiparasitic drugs in bait to decrease 
human exposure to E. multilocularis. 

Food safety precautions such as thorough washing of 
fruits and vegetables, combined with good hygiene, can 
reduce exposure to eggs on food. The hands should always 
be washed after handling pets or farming, gardening or 
preparing food, and before eating. Water from unsafe 
sources such as lakes should be boiled or filtered. Meat, 
particularly the intestinal tract of carnivores, should be 
thoroughly cooked before eating. PPE reduces the risk of 
infection when working with animal tissues or fecal 
samples, and periodic surveillance of high-risk populations 
(e.g., laboratory personnel) may help detect cysts in the 
early stages when they are most treatable.  

Morbidity and Mortality 
Cystic echinococcosis 

The annual incidence of cystic echinococcosis ranges 
from < 1 case per 100,000 population to greater than 50 
cases per 100,000. This disease is particularly common in 
rural areas. Although cystic echinococcosis has been 
diagnosed even in infants, most clinical cases occur in 
adults due to the slow growth of the parasite. Many cysts 
are asymptomatic throughout the individual’s life, and may 
be incidental findings at surgery or autopsy. CNS 
involvement, estimated to occur in approximately 1-3% of 
cases, is more likely to be seen in children than other forms. 

Cystic echinococcosis is usually treatable; however, 
infections can be fatal if the cyst ruptures and causes 
anaphylactic shock or if it damages vital organs. Some 
evidence suggests that certain members of the E. 
granulosus s.l. complex might be more virulent than others. 
E. granulosus s.s. seems to be particularly common in 
clinical cases, while E. canadensis often seems to cause 
milder infections, with small cysts that may heal 
spontaneously. The latter organism can nevertheless cause 
severe illnesses as well, and some evidence suggests that it 
might be more likely to localize in the CNS than E. 
granulosus s.s.  

Alveolar echinococcosis 
Where E. multilocularis is mainly carried in wild 

canids, alveolar echinococcosis is an uncommon disease. 
Hunters, fur trappers, fur traders, wildlife veterinarians and 
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wildlife biologists may have an increased risk of infection. 
The average annual incidence is 0.03–0.20 cases per 
100,000 population in endemic countries in Europe, with an 
incidence of < 10 cases per 100,000 in one region where 
70% of foxes are infected. Alveolar echinococcosis is 
almost 100 times more common in humans where E. 
multilocularis is common in dogs, such as western China.  

E. multilocularis does not become established in 
everyone who is exposed to the eggs. Some individuals 
seem to seroconvert with no apparent lesions. In other 
cases, a cyst forms but degenerates, and may appear as an 
asymptomatic, calcified lesion on screening. How often 
cysts remain alive and grow is uncertain, but some 
estimates suggest this might occur in 1-10% of those who 
are exposed. E. multilocularis lesions usually grow slowly 
in healthy people, but they can progress quickly if the 
person is immunosuppressed. Many clinical cases are 
diagnosed late, when a complete surgical cure is less likely.  

Without treatment, 90-100% of symptomatic cases are 
fatal. Treatment can be curative or it may prolong survival 
and ameliorate the symptoms. Improved survival has been 
reported with modern treatment methods: the 10-year 
survival rate of patients on long-term drug treatment is 
reported to be 80%, and in Europe, the average life 
expectancy at diagnosis increased from 3 years in the 1970s 
to 20 years by 2005.  

Polycystic echinococcosis 
Polycystic echinococcosis is uncommon but likely to 

be underdiagnosed. Approximately 170 cases, mainly 
caused by E. vogeli, had been reported as of 2007, but some 
historical cases attributed to E. multilocularis in South 
America were probably also caused by this organism. As of 
2013, clinical cases that could be treated surgically had a 
95% long-term survival rate; survival was about 85% in 
cases treated either surgically or with anthelmintics.  

E. oligarthrus has been reported very rarely in people. 
The reason for this is uncertain; however, the definitive 
hosts are wild felids, and burial of the feces may decrease 
exposure. 

Internet Resources 

Centers for Disease Control and Prevention (CDC). 
Echinococcosis 
https://www.cdc.gov/parasites/echinococcosis/index.html 

European Centre for Disease Prevention and Control. 
Echinococcosis 
https://www.ecdc.europa.eu/en/echinococcosis 

Food and Agriculture Organization of the United Nations 
(FAO). Manual on Meat Inspection for Developing 
Countries 
http://www.fao.org/docrep/003/t0756e/t0756e00.htm 
 

Public Health Agency of Canada. Pathogen Safety  
Data Sheets 
https://www.canada.ca/en/public-health/services/laboratory-
biosafety-biosecurity/pathogen-safety-data-sheets-risk-
assessment.html 

The Merck Manual 
http://www.merckmanuals.com/professional 

The Merck Veterinary Manual 
http://www.merckvetmanual.com/ 

World Organization for Animal Health (OIE) 
http://www.oie.int 

OIE Manual of Diagnostic Tests and Vaccines for 
Terrestrial Animals 
http://www.oie.int/international-standard-setting/terrestrial-
manual/access-online 

OIE Terrestrial Animal Health Code 
http://www.oie.int/international-standard-setting/terrestrial-
code/access-online 

Acknowledgements 

This factsheet was written by Anna Rovid Spickler, DVM, 
PhD, Veterinary Specialist from the Center for Food 
Security and Public Health. The U.S. Department of 
Agriculture Animal and Plant Health Inspection Service 
(USDA APHIS) provided funding for this factsheet through 
a series of cooperative agreements related to the 
development of resources for initial accreditation training.  

The following format can be used to cite this factsheet. 
Spickler, Anna Rovid. 2020.Echinococcosis. Retrieved 
from http://www.cfsph.iastate.edu/DiseaseInfo/ 
factsheets.php.  

References 
Abushhewa MH, Abushhiwa MH, Nolan MJ, Jex AR, Campbell 

BE, Jabbar A, Gasser RB. Genetic classification of 
Echinococcus granulosus cysts from humans, cattle and 
camels in Libya using mutation scanning-based analysis of 
mitochondrial loci.Mol Cell Probes. 2010;24(6):346-51. 

Acha PN, Szyfres B (Pan American Health Organization 
[PAHO]). Zoonoses and communicable diseases common to 
man and animals. Volume 3. Parasitoses. 3rd ed. Washington 
DC: PAHO; 2003. Scientific and Technical Publication No. 
580. Hydatidosis; p. 184-99. 

Agudelo Higuita NI, Brunetti E, McCloskey C. Cystic 
echinococcosis. J Clin Microbiol. 2016;54(3):518-23. 

Aiello SE, Moses MA, editors. The Merck veterinary manual. 11th 
ed. Kenilworth, NJ: Merck and Co; 2016.Tapeworms; p 421-
6. 

Aliakbarian M, Tohidinezhad F, Eslami S, Akhavan-Rezayat K. 
Liver transplantation for hepatic alveolar echinococcosis: 
literature review and three new cases. Infect Dis (Lond). 
2018;50(6):452-9.  

http://www.cfsph.iastate.edu/
mailto:cfsph@iastate.edu
https://www.cdc.gov/parasites/echinococcosis/index.html
https://www.ecdc.europa.eu/en/echinococcosis
http://www.fao.org/docrep/003/t0756e/t0756e00.htm
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment.html
http://www.merckmanuals.com/professional
http://www.merckvetmanual.com/
http://www.oie.int/
http://www.oie.int/international-standard-setting/terrestrial-manual/access-online
http://www.oie.int/international-standard-setting/terrestrial-manual/access-online
http://www.oie.int/international-standard-setting/terrestrial-code/access-online
http://www.oie.int/international-standard-setting/terrestrial-code/access-online
http://www.cfsph.iastate.edu/DiseaseInfo/%0bfactsheets.php
http://www.cfsph.iastate.edu/DiseaseInfo/%0bfactsheets.php


Echinococcosis 

© 2004-2020 www.cfsph.iastate.eduxEmail: cfsph@iastate.edu page 10 of 14 

Alvarez Rojas CA, Romig T, Lightowlers MW. Echinococcus 
granulosus sensu lato genotypes infecting humans--review of 
current  knowledge.Int J Parasitol. 2014;44(1):9-18.  

Andresiuk MV, Gordo FP, Bandera CC, Elissondo MC, Dopchiz M, 
Denegri G. Echinococcus granulosus: biological comparison of 
cattle isolates from endemic regions of Argentina and Spain. 
Rev Argent Microbiol. 2009;41(4):218-25. 

Animal Health Australia. National Animal Health Information 
System (NAHIS). Echinococcosis. NAHIS; 2004 Apr. 
Available at: http://www.aahc.com.au/nahis/disease/ 
dislist.asp.* Accessed 28 Oct 2004.  

Badaraco JL, Ayala FJ, Bart JM, Gottstein B, Haag KL. Using 
mitochondrial and nuclear markers to evaluate the degree of 
genetic cohesion among Echinococcus populations. Exp 
Parasitol. 2008119(4):453-9. 

Barnes TS, Deplazes P, Gottstein B, Jenkins DJ, Mathis A, Siles-
Lucas M, Torgerson PR, Ziadinov I, Heath DD. Challenges 
for diagnosis and control of cystic hydatid disease. Acta Trop. 
2012;123(1):1-7. 

Beaver PC, Jung RC, Cupp EW. Clinical parasitology. 9th ed. 
Philadelphia: Lea & Febiger; 1984. Genus Echinococcus; p. 
527-38. 

Beyhan YE, Umur S. Molecular characterization and prevalence 
of cystic echinococcosis in slaughtered water buffaloes in 
Turkey.Vet Parasitol. 2011;181(2-4):174-9. 

Binhazim AA, Harmon BG, Roberson EL, Boerner M. Hydatid 
disease in a horse. J Am Vet Med Assoc. 1992;200:958-60. 

Bonelli P, Masu G, Dei Giudici S, Pintus D, Peruzzu A, Piseddu 
T, Santucciu C, Cossu A, Demurtas N, Masala G. Cystic 
echinococcosis in a domestic cat (Felis catus) in Italy.Parasite. 
2018;25:25.  

Bowman DD, Barr SC,  Hendrix CM, Lindsay DS. 
Gastrointestinal parasites of cats. In: Bowman DD, editor. 
Companion and exotic animal parasitology. Ithaca, NY: 
International Veterinary Information Service [IVIS]; 2003 Jan. 
Available at 
http://www.ivis.org/advances/Parasit_Bowman/toc.asp/*. 
Accessed 28 Oct 2004. 

Brunetti E, Kern P, Vuitton DA; Writing Panel for the WHO-
IWGE. Expert consensus for the diagnosis and treatment of 
cystic and alveolar echinococcosis in humans.Acta Trop. 
2010;114(1):1-16. 

Bruzinskaite R, Sarkūnas M, Torgerson PR, Mathis A, Deplazes 
P. Echinococcosis in pigs and intestinal infection with 
Echinococcus spp. in dogs in southwestern Lithuania. Vet 
Parasitol. 2009;160(3-4):237-41. 

Butt A, Khan J. The maverick disease: cystic echinococcosis in 
unusual locations: a ten year experience from an endemic 
region.Cureus. 2019;11(10):e5939.  

Casulli A, Manfredi MT, La Rosa G, Cerbo AR, Genchi C, Pozio 
E. Echinococcus ortleppi and E. granulosus G1, G2 and G3 
genotypes in Italian bovines. Vet Parasitol. 2008;155(1-
2):168-72.  

Cerda JR, Buttke DE, Ballweber LR. Echinococcus spp. 
tapeworms in North America. Emerg Infect Dis. 
2018;24(2):230-5.  

Comte S, Umhang G, Raton V, Raoul F, Giraudoux P, Combes B, 
Boué F. Echinococcus multilocularis management by fox 
culling: An inappropriate paradigm. Prev Vet Med. 
2017;147:178-85. 

Conraths FJ, Deplazes P. Echinococcus multilocularis: 
Epidemiology, surveillance and state-of-the-art diagnostics 
from a veterinary public health perspective. Vet Parasitol. 
2015;213(3-4):149-61.  

Corsini M, Geissbühler U, Howard J, Gottstein B, Spreng D, Frey 
CF. Clinical presentation, diagnosis, therapy and outcome of 
alveolar echinococcosis  in dogs. Vet Rec. 2015;177(22):569.  

Craig P, Mastin A, van Kesteren F, Boufana B. Echinococcus 
granulosus: Epidemiology and state-of-the-art of diagnostics 
in animals. Vet Parasitol. 2015;213(3-4):132-48. 

Craig PS, Hegglin D, Lightowlers MW, Torgerson PR, Wang Q. 
Echinococcosis: control and prevention. Adv Parasitol. 
2017;96:55-158.  

Craig PS, MacPherson CN. Sodium hypochlorite as an ovicide for 
Echinococcus. Ann Trop Med Parasitol. 1988;82(2):211-3. 

Craig PS, McManus DP, Lightowlers MW, Chabalgoity JA, 
Garcia HH, Gavidia CM, Gilman RH, Gonzalez AE, Lorca M, 
Naquira C, Nieto A, Schantz PM. Prevention and control of 
cystic echinococcosis. Lancet Infect Dis. 2007;7(6):385-94. 

Dakkak A. Echinococcosis/hydatidosis: a severe threat in 
Mediterranean countries. Vet Parasitol. 2010;174(1-2):2-11. 

D'Alessandro A, Rausch RL. New aspects of neotropical 
polycystic (Echinococcus vogeli) and unicystic (Echinococcus 
oligarthrus) echinococcosis. Clin Microbiol Rev. 
2008;21(2):380-401. 

Defendi GL. Pediatric echinococcosis. eMedicine.com; 2015 Jul. 
Available at: https://emedicine.medscape.com/article/997714-
overview . Accessed 28 Apr 2020. 

Denk D, Boufana B, Masters NJ, Stidworthy MF. Fatal 
echinococcosis in three lemurs in the United Kingdom--A case 
series. Vet Parasitol. 2016;218:10-4.  

Deplazes P, Eckert J. Veterinary aspects of alveolar 
echinococcosis - a  zoonosis of public health significance. Vet 
Parasitol. 2001;98:65-87. 

Deplazes P, Rinaldi L, Alvarez Rojas CA, Torgerson PR, Harandi 
MF, Romig T, Antolova D, Schurer JM, Lahmar S, Cringoli 
G, Magambo J, Thompson RC, Jenkins EJ. Global distribution 
of alveolar and cystic echinococcosis. Adv Parasitol. 
2017;95:315-493.  

de la Rue ML, Takano K, Brochado JF, Costa CV, Soares AG, 
Yamano K, Yagi K, Katoh Y, Takahashi K. Infection of 
humans and animals with Echinococcus granulosus (G1 and 
G3 strains) and E. ortleppi in Southern Brazil. Vet Parasitol. 
2011;177(1-2):97-103. 

Dyachenko V, Pantchev N, Gawlowska S, Vrhovec MG, Bauer C. 
Echinococcus multilocularis infections in domestic dogs and 
cats from Germany and other European countries.Vet 
Parasitol. 2008;157(3-4):244-53. 

Eckert J, Deplazes P. Biological, epidemiological, and clinical 
aspects of echinococcosis, a zoonosis of increasing concern. 
Clin Microbiol Rev. 2004;17(1):107-35. 

Foreyt WJ, Drew ML, Atkinson M, McCauley D. Echinococcus 
granulosus in gray wolves and ungulates in Idaho and 
Montana, USA. J Wildl Dis. 2009;45(4):1208-12. 

Frey CF, Marreros N, Renneker S, Schmidt L, Sager H, Hentrich 
B, Milesi S, Gottstein B. Dogs as victims of their own worms: 
Serodiagnosis of canine alveolar echinococcosis. Parasit 
Vectors. 2017;10(1):422.  

http://www.cfsph.iastate.edu/
mailto:cfsph@iastate.edu
https://emedicine.medscape.com/article/997714-overview
https://emedicine.medscape.com/article/997714-overview


Echinococcosis 

© 2004-2020 www.cfsph.iastate.eduxEmail: cfsph@iastate.edu page 11 of 14 

Garner G, Saville P, Fediaevsky A. Manual for the recognition of 
exotic diseases of livestock: A reference guide for animal 
health staff [monograph online]. Food and Agriculture 
Organization of the United Nations [FAO] Secretariat of the 
Pacific Community. B053. Echinococcosis-hydatidosis. 
Available at: http://www.spc.int/rahs/Manual/Manuale.html.* 
Accessed 3 Nov 2004. 

Goto Y, Sato K, Yahagi K, Komatsu O, Hoshina H, Abiko C, 
Yamasaki H, Kawanaka M. Frequent isolation of 
Echinococcus multilocularis from the livers of racehorses 
slaughtered in Yamagata, Japan. Jpn J Infect Dis. 
2010;63(6):449-51. 

Gottstein B. Hydatid disease In: Cohen J, Powderly W, editors. 
Infectious diseases. 2nd ed. London: Mosby; 2003. p. 169. 

Gottstein B, Wang J, Boubaker G, Marinova I, Spiliotis M, Müller 
N, Hemphill A. Susceptibility versus resistance in alveolar 
echinococcosis (larval infection with Echinococcus 
multilocularis). Vet Parasitol. 2015;213(3-4):103-9.  

Grenouillet F, Frider B, Alvarez Rodriguez J, Amante M, 
Pestalardo ML, Cazorla A, Bresson-Hadni S, Millon L. 
Molecular diagnosis of polycystic echinococcosis due to 
Echinococcus vogeli in a  Paraguayan immigrant in Argentina. 
J Clin Microbiol. 2013;51(9):3151-3.  

Grenouillet F, Umhang G, Arbez-Gindre F, Mantion G, 
Delabrousse E, Millon L, Boué F. Echinococcus ortleppi 
infections in humans and cattle, France. Emerg Infect Dis. 
2014;20(12):2100-2. 

Hajialilo E, Harandi MF, Sharbatkhori M, Mirhendi H, Rostami S. 
Genetic characterization of Echinococcus granulosus in 
camels, cattle and sheep from the south-east of Iran indicates 
the presence of the G3 genotype. J Helminthol. 2011 13:1-8. 

Halajian A, Luus-Powell WJ, Roux F, Nakao M, Sasaki M, 
Lavikainen A. Echinococcus felidis in hippopotamus, South 
Africa. Vet Parasitol. 2017;243:24-8. 

Heath DD, Zhang LH, McManus DP. Short report: inadequacy of 
yaks as hosts for the sheep/ dog strain of Echinococcus 
granulosus or for E. multilocularis. Am J Trop Med Hyg. 
2005;72(3):289-90. 

Herenda D, Chambers PG, Ettriqui A, Seneviratna P, da Silva 
TJP. Manual on meat inspection for developing countries. 
Food and Agriculture Organization of the United Nations 
[FAO] Animal Production and Health Paper 119 [monograph 
online]. FAO; 1994. Specific diseases of cattle: Hydatid 
disease (hydatidosis, echinococcosis). Available at: 
http://www.fao.org/docrep/003/t0756e/T0756E04.htm#ch3.4.1
. Accessed 4 Nov 2004. 

Heyneman D. Cestodes. In Baron S, editor. Medical Microbiology. 
4th ed. New York: Churchill Livingstone; 1996. Available at: 
http://www.gsbs.utmb.edu/microbook/ch089.htm.* Accessed 
28 Oct 2004. 

Hodžić A, Alić A, Šupić J, Škapur V, Duscher GG. Echinococcus 
ortleppi, the cattle strain in a crested porcupine (Hystrix 
cristata): A new host record. Vet Parasitol. 2018;256:32-4.  

Hüttner M, Nakao M, Wassermann T, Siefert L, Boomker JD, 
Dinkel A, Sako Y, Mackenstedt U, Romig T, Ito A. Genetic 
characterization and phylogenetic position of Echinococcus 
felidis (Cestoda: Taeniidae) from the African lion. Int J 
Parasitol. 2008;38(7):861-8. 

Hüttner M, Romig T. Echinococcus species in African wildlife. 
Parasitology. 2009;136(10):1089-95. 

Irie T, Ito T, Kouguchi H, Yamano K, Uraguchi K, Yagi K, 
Nonaka N. Diagnosis of canine Echinococcus multilocularis 
infections by copro-DNA tests: comparison of DNA extraction 
techniques and evaluation of diagnostic deworming. Parasitol 
Res. 2017;116(8):2139-44.  

Irizarry L. Tapeworm infestation. eMedicine.com; 2018 Dec. 
Available at: https://emedicine.medscape.com/article/786292-
overview.  Accessed 28 Apr 2020. 

Ito A, Nakao M, Lavikainen A, Hoberg E. Cystic echinococcosis: 
Future perspectives of molecular epidemiology. Acta Trop. 
2017;165:3-9.  

Jenkins DJ, Romig T, Thompson RC. Emergence/ re-emergence 
of Echinococcus spp.--a global update. Int J Parasitol. 
2005;35(11-12):1205-19. 

Junghanss T, da Silva AM, Horton J, Chiodini PL, Brunetti E. 
Clinical management of cystic echinococcosis: state of the art, 
problems, and perspectives. Am J Trop Med Hyg. 
2008;79(3):301-11. 

Keong B, Wilkie B, Sutherland T, Fox A. Hepatic cystic 
echinococcosis in Australia: an update on diagnosis and 
management.ANZ J Surg. 2018;88(1-2):26-31.  

Kern P, Menezes da Silva A, Akhan O, Müllhaupt B, Vizcaychipi 
KA,  udke C, Vuitton DA. The echinococcoses: diagnosis, 
clinical management and burden of disease.Adv Parasitol. 
2017;96:259-69.  

Kimura M, Toukairin A, Tatezaki H, Tanaka S, Harada K, 
Araiyama J, Yamasaki H, Sugiyama H, Morishima Y, 
Kawanaka M. Echinococcus multilocularis detected in 
slaughtered pigs in Aomori, the northernmost prefecture of 
mainland Japan. Jpn J Infect Dis. 2010;63(1):80-1. 

Kittelberger R, Reichel MP, Jenner J, Heath DD, Lightowlers 
MW, Moro P, Ibrahem MM, Craig PS, O’Keefe JS. 
Evaluation of three enzyme-linked immunosorbent assays 
(ELISAs) for the detection of serum antibodies in sheep 
infected with Echinococcus granulosus. Vet Parasitol. 
2002;110:57-76. 

Knapp J, Chirica M, Simonnet C, Grenouillet F, Bart JM, Sako Y, 
Itoh S, Nakao  M, Ito A, Millon L. Echinococcus vogeli 
infection in a hunter, French Guiana. Emerg Infect Dis. 
2009;15(12):2029-31.  

Knapp J, Combes B, Umhang G, Aknouche S, Millon L. Could 
the domestic cat play a significant role in the transmission of 
Echinococcus multilocularis? A study based on qPCR analysis 
of cat feces in a rural area in France. Parasite. 2016;23:42.  

Knapp J, Gottstein B, Saarma U, Millon L. Taxonomy, phylogeny 
and molecular epidemiology of Echinococcus multilocularis: 
From fundamental knowledge to health ecology. Vet Parasitol. 
2015;213(3-4):85-91. 

König A, Romig T, Holzhofer E. Effective long-term control of 
Echinococcus multilocularis in a mixed rural-urban area in 
southern Germany. PLoS One. 2019;14(4):e0214993.  

Kul O, Yildiz K. Multivesicular cysts in cattle: characterisation of 
unusual hydatid cyst morphology caused by Echinococcus 
granulosus. Vet Parasitol. 2010;170(1-2):162-6. 

Larrieu E, Gavidia CM, Lightowlers MW. Control of cystic 
echinococcosis: Background and prospects. Zoonoses Public 
Health. 2019;66(8):889-99.  

http://www.cfsph.iastate.edu/
mailto:cfsph@iastate.edu
http://www.fao.org/docrep/003/t0756e/T0756E04.htm#ch3.4.1
http://www.fao.org/docrep/003/t0756e/T0756E04.htm#ch3.4.1
https://emedicine.medscape.com/article/786292-overview
https://emedicine.medscape.com/article/786292-overview


Echinococcosis 

© 2004-2020 www.cfsph.iastate.eduxEmail: cfsph@iastate.edu page 12 of 14 

Latif AA, Tanveer A, Maqbool A, Siddiqi N, Kyaw-Tanner M, 
Traub RJ. Morphological and molecular characterisation of  
Echinococcus granulosus in livestock and humans in Punjab, 
Pakistan. Vet Parasitol. 2010;170(1-2):44-9. 

Laws GF. Chemical ovacidal measures as applied to Taenia 
hydatigena, Taenia ovis, Taenia pisiformis, and Echinococcus 
granulosus. Exp Parasitol. 1967;20(1):27-37. 

Lianos GD, Lazaros A, Vlachos K, Georgiou GK, Harissis HV, 
Mangano A, Rausei S, Boni L, Frattini F, Biondi A, Dionigi 
G, Katsios C. Unusual locations of hydatid disease: a 33 year's 
experience analysis on 233 patients. Updates Surg. 
2015;67(3):279-82.  

Liu IK, Schwabe CW, Schantz PM, Allison MN. The occurrence 
of Echinococcus granulosus in coyotes (Canis latrans) in the 
central valley of California. J Parasitol. 1970;56(6):1135-7. 

Lymbery AJ. Phylogenetic pattern, evolutionary processes and 
species delimitation in the genus Echinococcus. Adv Parasitol. 
2017;95:111-45. 

Maillard S, Benchikh-Elfegoun MC, Knapp J, Bart JM, Koskei P, 
Gottstein B, Piarroux R. Taxonomic position and geographical 
distribution of the common sheep G1 and camel G6 strains of 
Echinococcus granulosus in three African countries. Parasitol 
Res. 2007;100(3):495-503.  

Maillard S, Gottstein B, Haag KL, Ma S, Colovic I, Benchikh-
Elfegoun MC, Knapp J, Piarroux R. The tandemly repeated 
multilocus microsatellite EmsB: a new tool to investigate the 
genetic diversity of Echinococcus granulosus sensu lato. J 
Clin Microbiol. 2009;47(11):3608-16. 

Manterola C, Benavente F, Melo A, Vial M, Roa JC. Description 
of Echinococcus granulosus genotypes in human hydatidosis 
in a region of southern Chile. Parasitol Int. 2008;57(3):342-6. 

Martín-Hernando MP, González LM, Ruiz-Fons F, Garate T, 
Gortazar C. Massive presence of Echinococcus granulosus 
(Cestoda, Taeniidae) cysts in a wild boar (Sus scrofa) from 
Spain. Parasitol Res. 2008;103(3):705-7.  

Massolo A, Liccioli S, Budke C, Klein C. Echinococcus 
multilocularis in North America: the great unknown. Parasite. 
2014;21:73.  

Massolo A, Valli D, Wassermann M, Cavallero S, D'Amelio S, 
Meriggi A, Torretta E, Serafini M, Casulli A, Zambon L, Boni 
CB, Ori M, Romig T, Macchioni F. Unexpected Echinococcus 
multilocularis infections in shepherd dogs and wolves in  
south-western Italian Alps: A new endemic area? Int J 
Parasitol Parasites Wildl. 2018;7(3):309-16.  

Maurelli MP, Bosco A, Pepe P, Ianniello D, Amadesi A, Cringoli 
G, Rinaldi L. Innovative tools for the diagnosis of  
Echinococcus granulosus in definitive hosts. Parasitol Res. 
2018;117(8):2607-12.  

Mayberry C. Hydatid disease. Department of Agriculture, Western 
Australia; 2002. Farmnote No. 37. 

McManus DP. Echinococcosis with particular reference to 
Southeast Asia. Adv Parasitol. 2010;72:267-303. 

Moazeni M, Rakhshandehroo E. In vitro viability test for the eggs 
of Echinococcus granulosus: a rapid method. Parasitol Res. 
2012;110(2):925-30. 

Monge-Maillo B, Chamorro Tojeiro S, López-Vélez R. 
Management of osseous cystic echinococcosis. Expert Rev 
Anti Infect Ther. 2017;15(12):1075-82.  

Moro P, Schantz PM. Echinococcosis: a review. Int J Infect Dis. 
2009;13(2):125-33. 

Nakao M, Lavikainen A, Yanagida T, Ito A. Phylogenetic 
systematics of the genus Echinococcus (Cestoda: Taeniidae). 
Int J Parasitol. 2013;43:1017-29. 

Öge H, Öge S, Gönenç B, Sarımehmetoğlu O, Özbakış G. 
Coprodiagnosis of  Echinococcus granulosus infection in dogs 
from Ankara, Turkey. Vet Parasitol. 2017;242:44-6. 

Oksanen A, Lavikainen A. Echinococcus canadensis transmission 
in the North. Vet Parasitol. 2015;213(3-4):182-6.  

Omer RA, Dinkel A, Romig T, Mackenstedt U, Elnahas AA, 
Aradaib IE, Ahmed ME, Elmalik KH, Adam A. A molecular 
survey of cystic echinococcosis in Sudan. Vet Parasitol. 
2010;169(3-4):340-6. 

Paredes R, Godoy P, Rodríguez B, García MP, Cabezón C, 
Cabrera G, Jiménez V, Hellman U, Sáenz L, Ferreira A, 
Galanti N. Bovine (Bos taurus) humoral immune response 
against Echinococcus granulosus and hydatid cyst infertility. J 
Cell Biochem. 2011;112(1):189-99. 

Pednekar RP, Gatne ML, Thompson RC, Traub RJ. Molecular and 
morphological characterisation of Echinococcus from food 
producing animals in India. Vet Parasitol. 2009;165(1-2):58-65. 

Pérez-Esandi MV, Colli CW, Schantz PM. The ovicidal effect of 
selected chemicals against eggs of Echinococcus granulosus. 
Bull World Health Organ. 1974;51(5):550-1. 

Permin A, Hansen JW. Review of echinococcosis/hydatidosis: a 
zoonotic parasitic disease. World Anim Rev [serial online]. 
1994:78. Available at: 
http://www.fao.org/docrep/t1300t/t1300T0m.htm. Accessed 
28 Oct 2004. 

Peter V, Marr C, Foote A, Auer H, Head M. Extradural spinal 
hydatid cyst causing hindlimb ataxia in a horse. Schweiz Arch 
Tierheilkd. 2018;160(11):659-64.  

Public Health Agency of Canada (PHAC). Pathogen Safety Data 
Sheet – Echinococcus granulosus. Pathogen Regulation 
Directorate, PHAC; 2011 Dec. Available at: 
https://www.canada.ca/en/public-health/services/laboratory-
biosafety-biosecurity/pathogen-safety-data-sheets-risk-
assessment/Echinococcus-granulosus-pathogen-safety-data-
sheet.html.  Accessed 28  APr 2020. 

Public Health Agency of Canada (PHAC). Pathogen Safety Data 
Sheet – Echinococcus multilocularis. Office of Laboratory 
Security, PHAC; 2001 Jan. Available at: 
https://www.canada.ca/en/public-health/services/laboratory-
biosafety-biosecurity/pathogen-safety-data-sheets-risk-
assessment/Echinococcus-multilocularis.html.  Accessed 28 
Apr 2020. 

Reinehr M, Micheloud C, Grimm F, Kronenberg PA, Grimm J, 
Beck A, Nell J, Meyer Zu Schwabedissen C, Furrer E, 
Müllhaupt B, Barth  TFE, Deplazes P, Weber A. Pathology of 
echinococcosis: a morphologic and immunohistochemical 
study on 138 specimens with focus on the differential 
diagnosis between cystic and alveolar echinococcosis. Am J 
Surg Pathol. 2020;44(1):43-54.  

Rinaldi L, Maurelli MP, Capuano F, Perugini AG, Veneziano V, 
Cringoli S. Molecular update on cystic echinococcosis in 
cattle and water buffaloes of southern Italy. Zoonoses Public 
Health. 2008;55(2):119-23. 

Rinaldi L, Maurelli MP, Veneziano V, Capuano F, Perugini AG, 
Cringoli S. The role of cattle in the epidemiology of 
Echinococcus granulosus in an endemic area of southern Italy. 
Parasitol Res. 2008;103(1):175-9. 

http://www.cfsph.iastate.edu/
mailto:cfsph@iastate.edu
http://www.fao.org/docrep/t1300t/t1300T0m.htm
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/Echinococcus-granulosus-pathogen-safety-data-sheet.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/Echinococcus-granulosus-pathogen-safety-data-sheet.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/Echinococcus-granulosus-pathogen-safety-data-sheet.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/Echinococcus-granulosus-pathogen-safety-data-sheet.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/Echinococcus-multilocularis.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/Echinococcus-multilocularis.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/Echinococcus-multilocularis.html


Echinococcosis 

© 2004-2020 www.cfsph.iastate.eduxEmail: cfsph@iastate.edu page 13 of 14 

Romano MN, Brunetti OA, Schwabe CW, Rosen MN. Probable 
transmission of Echinococcus granulosus between deer and 
coyotes in California. J Wildl Dis. 1974; 10(3):225-7. 

Romig T, Deplazes P, Jenkins D, Giraudoux P, Massolo A, Craig 
PS, Wassermann M, Takahashi K, de la Rue M. Ecology and 
life cycle patterns of Echinococcus species. Adv Parasitol. 
2017;95:213-314.  

Romig T, Dinkel A, Mackenstedt U. The present situation of 
echinococcosis in Europe. Parasitol Int. 2006;55 Suppl:S187-91. 

Romig T, Ebi D, Wassermann M. Taxonomy and molecular 
epidemiology of  Echinococcus granulosus sensu lato. Vet 
Parasitol. 2015;213(3-4):76-84. 

Romig T, Omer RA, Zeyhle E, Hüttner M, Dinkel A, Siefert L, 
Elmahdi IE, Magambo J, Ocaido M, Menezes CN, Ahmed 
ME, Mbae C, Grobusch MP, Kern P. Echinococcosis in sub-
Saharan Africa: Emerging complexity. Vet Parasitol. 2011 
181(1):43-7. 

Sadjjadi SM. Present situation of echinococcosis in the Middle 
East and Arabic North Africa. Parasitol Int. 2006;55 
Suppl:S197-202. 

Sánchez E, Cáceres O, Náquira C, Garcia D, Patiño G, Silvia H, 
Volotão AC, Fernandes O. Molecular characterization of 
Echinococcus granulosus from Peru by sequencing of  the 
mitochondrial cytochrome C oxidase subunit 1 gene. Mem 
Inst Oswaldo Cruz. 2010;105(6):806-10. 

Sánchez Thevenet P, Jensen O, Drut R, Cerrone GE, Grenovero 
MS, Alvarez HM, Targovnik HM, Basualdo JA. Viability and 
infectiousness of eggs of Echinococcus granulosus aged under 
natural conditions of inferior arid climate. Vet Parasitol. 
2005;133(1):71-7. 

Schmidt GD, Rausch RL. Cysts resembling hydatids in a chicken. 
Avian Dis. 1986;30(4):840-2. 

Schneider R, Gollackner B, Schindl M, Tucek G, Auer H. 
Echinococcus canadensis G7 (pig strain): an underestimated 
cause of cystic echinococcosis in Austria. Am J Trop Med 
Hyg. 2010;82(5):871-4. 

Schurer JM, Bouchard E, Bryant A, Revell S, Chavis G, 
Lichtenwalner A, Jenkins EJ. Echinococcus in wild canids in 
Québec (Canada) and Maine (USA). PLoS Negl Trop Dis. 
2018;12(8):e0006712.  

Shahnazi M, Hejazi H, Salehi M, Andalib AR.Molecular 
characterization of human and animal Echinococcus 
granulosus isolates in Isfahan, Iran. Acta Trop. 
2011;117(1):47-50.  

Sharbatkhori M, Mirhendi H, Harandi MF, Rezaeian M, Mohebali 
M, Eshraghian M, Rahimi H, Kia EB. Echinococcus 
granulosus genotypes in livestock of Iran indicating high 
frequency of G1 genotype in camels. Exp Parasitol. 
2010;124(4):373-9. 

Sharifiyazdi H, Oryan A, Ahmadnia S, Valinezhad A. Genotypic 
characterization of Iranian camel (Camelus dromedarius) 
isolates of Echinoccocus granulosus. J Parasitol. 
2011;97(2):251-5. 

Shirmen O, Batchuluun B, Lkhamjav A, Tseveen T, Munkhjargal 
T, Sandag T, Lkhagvasuren E, Yanagida T, Nishikawa Y, Ito 
A. Cerebral cystic echinococcosis in Mongolian children 
caused by Echinococcus canadensis. Parasitol Int. 
2018;67(5):584-6.  

Siles-Lucas M, Casulli A, Conraths FJ, Müller N. Laboratory 
diagnosis of Echinococcus spp. in human patients and infected 
animals. Adv Parasitol. 2017;96:159-257.  

Simsek S, Balkaya I, Koroglu E. Epidemiological survey and 
molecular characterization of Echinococcus granulosus  in 
cattle in an endemic area of eastern Turkey. Vet Parasitol. 
2010;172(3-4):347-9. 

Siracusano A, Teggi A, Ortona E. Human cystic echinococcosis: 
old problems and new perspectives. Interdiscip Perspect Infect 
Dis. 2009;2009:474368. 

Snábel V, Altintas N, D'Amelio S, Nakao M, Romig T, 
Yolasigmaz A, Gunes K, Turk M, Busi M, Hüttner M, 
Sevcová D, Ito A, Altintas N, Dubinský P. Cystic 
echinococcosis in Turkey: genetic variability and first record 
of the pig strain (G7) in the country. Parasitol Res. 
2009;105(1):145-54. 

Sréter T, Széll Z, Egyed Z, Varga I. Echinococcus multilocularis: 
an emerging pathogen in Hungary and Central Eastern 
Europe? Emerg Infect Dis. 2003;9:384-6. 

Staebler S, Grimm F, Glaus T, Kapel CM, Haller M, Hasler A, 
Hanosset R, Deplazes P. Serological diagnosis of canine 
alveolar echinococcosis. Vet Parasitol. 2006;141(3-4):243-50. 

Steta J, Torre A. Mexican-native human echinococcosis: case 
report of an underestimated disease. Ann Hepatol. 
2009;8(3):251-4. 

Stijnis K, Dijkmans AC, Bart A, Brosens LA, Muntau B, Schoen 
C, Barth TF, van Gulik T, van Gool T, Grobusch MP, Tappe 
D. Echinococcus vogeli in immigrant from Suriname to the 
Netherlands. Emerg Infect Dis. 2015;21(3):528-30.  

Stojkovic M, Junghanss T. Cystic and alveolar echinococcosis. 
Handb Clin Neurol. 2013;114:327-34.  

Széll Z, Sréter-Lancz Z, Sréter T. Evaluation of faecal flotation 
methods followed by species-specific PCR for detection of 
Echinococcus multilocularis in the definitive hosts. Acta 
Parasitol. 2014;59(2):331-6. 

Tappe D, Stich A, Frosch M. Emergence of polycystic neotropical 
echinococcosis. Emerg Infect Dis. 2008;14(2):292-7. 

Thompson RC. Biology and systematics of Echinococcus.Adv 
Parasitol. 2017;95:65-109.  

Thompson RC. The taxonomy, phylogeny and transmission of 
Echinococcus. Exp Parasitol. 2008;119(4):439-46. 

Umhang G, Forin-Wiart MA, Hormaz V, Caillot C, Boucher JM, 
Poulle  L, Franck B. Echinococcus multilocularis detection in 
the intestines and feces of free-ranging domestic cats (Felis s. 
catus) and European wildcats (Felis s. silvestris) from 
northeastern France. Vet Parasitol. 2015;214(1-2):75-9.  

Umhang G, Lahoreau J, Hormaz V, Boucher JM, Guenon A, 
Montange D, Grenouillet F, Boue F. Surveillance and 
management of Echinococcus multilocularis in a wildlife 
park. Parasitol Int. 2016;65(3):245-50.  

Umhang G, Possenti A, Colamesta V, d'Aguanno S, La Torre G, 
Boué F, Casulli A. A systematic review and meta-analysis on 
anthelmintic control programs for Echinococcus multilocularis 
in wild and domestic carnivores. Food Waterborne Parasitol. 
2019;15:e00042.  

van Cauteren D, Millon L, de Valk H, Grenouillet F. 
Retrospective study of human cystic echinococcosis over the 
past decade in France, using a nationwide hospital medical 
information database. Parasitol Res. 2016;115(11):4261-5. 

http://www.cfsph.iastate.edu/
mailto:cfsph@iastate.edu


Echinococcosis 

© 2004-2020 www.cfsph.iastate.eduxEmail: cfsph@iastate.edu page 14 of 14 

Varcasia A, Canu S, Kogkos A, Pipia AP, Scala A, Garippa G, 
Seimenis A. Molecular characterization of Echinococcus 
granulosus in sheep and goats of Peloponnesus, Greece. 
Parasitol Res. 2007;101(4):1135-9.  

Varcasia A, Garippa G, Pipia AP, Scala A, Brianti E, Giannetto S, 
Battelli G, Poglayen G, Micagni G. Cystic echinococcosis in 
equids in Italy. Parasitol Res. 2008;102(4):815-8. 

Veit P, Bilger B, Schad V, Schäfer J, Frank W, Lucius R. 
Influence of environmental factors on the infectivity of 
Echinococcus multilocularis eggs. Parasitology. 1995;110 ( Pt 
1):79-86. 

Villalobos N, González LM, Morales J, de Aluja AS, Jiménez MI, 
Blanco MA, Harrison LJ, Parkhouse RM, Gárate T. Molecular 
identification of Echinococcus granulosus genotypes (G1 and 
G7) isolated from pigs in Mexico. Vet Parasitol. 2007;147(1-
2):185-9. 

Vuitton DA, Azizi A, Richou C, Vuitton L, Blagosklonov O, 
Delabrousse E, Mantion GA, Bresson-Hadni S. Current 
interventional strategy for the treatment of hepatic alveolar 
echinococcosis. Expert Rev Anti Infect Ther. 
2016;14(12):1179-94.  

Vuitton DA, Demonmerot F, Knapp J, Richou C, Grenouillet F, 
Chauchet A, Vuitton L, Bresson-Hadni S, Millon L. Clinical 
epidemiology of human AE in Europe.Vet Parasitol. 
2015;213(3-4):110-20.  

Vural G, Baca AU, Gauci CG, Bagci O, Gicik Y, Lightowlers 
MW. Variability in the Echinococcus granulosus cytochrome 
C oxidase 1 mitochondrial gene sequence from livestock in 
Turkey and a re-appraisal of the G1-3 genotype cluster.Vet 
Parasitol. 2008;154(3-4):347-50. 

Wahlers K, Menezes CN, Wong ML, Zeyhle E, Ahmed ME, 
Ocaido M, Stijnis C, Romig T, Kern P, Grobusch MP. Cystic 
echinococcosis in sub-Saharan Africa. Lancet Infect Dis. 
2012;12(11):871-80.  

Wang Z, Wang X, Liu X. Echinococcosis in China, a review of 
the epidemiology of Echinococcus spp. Ecohealth. 
2008;5(2):115-26. 

Wassermann M, Woldeyes D, Gerbi BM, Ebi D, Zeyhle E, 
Mackenstedt U, Petros B, Tilahun G, Kern P, Romig T. A 
novel zoonotic genotype related to Echinococcus granulosus 
sensu stricto from southern Ethiopia. Int J Parasitol. 
2016;46(10):663-8.  

Weiss AT, Bauer C, Köhler K. Canine alveolar echinococcosis: 
morphology and inflammatory response. J Comp Pathol. 
2010;143(4):233-8.  

Wenker C, Hoby S, Wyss F, Mengiardi B, Vögtli R, Posthaus H, 
Deplazes P, Gottstein B. Alveolar echinococcosis in western 
lowland gorillas (Gorilla gorilla gorilla): albendazole was not 
able to stop the progression of the disease. J Zoo Wildl Med. 
2019;50(1):243-3.  

Williams GF, Colli CW, Leid RW, MacArthur R. The effects of 
bunamidine hydrochloride on the infectivity of taeniid ova. J 
Parasitol. 1973;59(6):1141-4. 

Williams JF, Zajac A. Diagnosis of gastrointestinal parasitism in 
dogs and cats. St. Louis, MO: Ralston Purina; 1980. Cestodes; 
p. 7-15. 

World Organization for Animal Health [OIE] . Manual of 
diagnostic tests and vaccines for terrestrial animals [online]. 
Paris: OIE; 2019. Echinococcosis/hydatidosis. Available at: 
https://www.oie.int/fileadmin/Home/eng/Health_standards/tah
m/3.01.06_ECHINOCOCCOSIS.pdf.  Accessed 28 Apr 2020. 

Xiao N, Li TY, Qiu JM, Nakao M, Chen XW, Nakaya K, 
Yamasaki H, Schantz PM, Craig PS, Ito A. The Tibetan hare 
Lepus oiostolus: a novel intermediate host for Echinococcus 
multilocularis. Parasitol Res. 2004;92(4):352-3. 

Xiao N, Nakao M, Qiu J, Budke CM, Giraudoux P, Craig PS, Ito 
A. Dual infection of animal hosts with different Echinococcus 
species in the eastern Qinghai-Tibet plateau region of China. 
Am J Trop Med Hyg. 2006;75(2):292-4. 

Yamano K, Kouguchi H, Uraguchi K, Mukai T, Shibata C, 
Yamamoto H, Takaesu N, Ito M, Makino Y, Takiguchi M, 
Yagi K. First detection of Echinococcus multilocularis 
infection in two species of nonhuman primates raised in a zoo: 
a fatal case in Cercopithecus diana and a strongly suspected 
case of spontaneous recovery in Macaca nigra. Parasitol Int. 
2014;63(4):621-6.  

Yanagida T, Lavikainen A, Hoberg EP, Konyaev S, Ito A, Sato 
MO, Zaikov VA, Beckmen K, Nakao M. Specific status of 
Echinococcus canadensis (Cestoda: Taeniidae) inferred from 
nuclear and mitochondrial gene sequences. Int J Parasitol. 
2017;47(14):971-9.  

Zhang W, Li J, McManus DP. Concepts in immunology and 
diagnosis of hydatid disease. Clin Microbiol Rev. 2003;16:18-36. 

Zhao YM, Tong SX, Jing T, Chong SG, Cai XP, Jing ZZ, Han J. 
[Investigation on echinococcosis in animals in Gannan Tibetan 
Autonomous Prefecture]. Zhongguo Ji Sheng Chong Xue Yu 
Ji Sheng Chong Bing Za Zhi. 2009;27(1):27-30. 

Zimmerman DM, Douglass M, Reavill DR, Greiner EC. 
Echinococcus oligarthrus cystic hydatidosis in Brazilian 
agouti (Dasyprocta leporina). J Zoo Wildl Med. 
2009;40(3):551-8. 

Zitouna MM, Boubaker S, Dellagi K, Ben Safta Z, Hadj Salah H, 
Robbana M, Ben Rachid MS. [Alveolar echinococcosis in 
Tunisia. Apropos of 2 cases].Bull Soc Pathol Exot Filiales. 
1985;78(5 Pt 2):723-8. 
 
 

* Link is defunct 
 

http://www.cfsph.iastate.edu/
mailto:cfsph@iastate.edu
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.01.06_ECHINOCOCCOSIS.pdf
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.01.06_ECHINOCOCCOSIS.pdf

