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ABSTRACT: Echinococcosis or hydatid disease is caused by larvae of the tapeworm
Echinococcus. Four species are recognised and the vast majority of infestations in
humans are caused by E. granulosus. E. granulosus causes cystic echinococcosis, which
has a worldwide distribution. Humans are exposed less frequently to E. multilocularis,
which causes alveolar echinococcosis. E. vogeli and E. oligarthrus are rare species and
cause polycystic echinococcosis.
In cystic echinococcosis, humans are an accidental host and are usually infected by
handling an infected dog. The liver and lungs are the most frequently involved organs.
Pulmonary disease appears to be more common in younger individuals. Although most
patients are asymptomatic, some may occasionally expectorate the contents of the cyst
or develop symptoms related to compression of the surrounding structures. Other
symptoms of hydatid disease can result from the release of antigenic material and
secondary immunological reactions that develop from cyst rupture. The cysts are
characteristically seen as solitary or multiple circumscribed or oval masses on imaging.
Detection of antibody directed against specific echinococcal antigens is found in only
approximately half of patients with pulmonary cysts. Surgical excision of the cyst is the
treatment of choice whenever feasible.
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Echinococcosis or hydatid disease is caused by larvae,
which are the metacestode stage of the tapeworm Echinococcus. Four species are recognised and belong to the family
Taeniidae. The vast majority of infestations in humans are
caused by E. granulosus. E. granulosus causes cystic echinococcosis, the pastoral form, which has a worldwide distribution and is concentrated in sheep-raising areas. Humans are
exposed less frequently to E. multilocularis, which causes
alveolar echinococcosis, because E. multilocularis infestation
usually occurs in colder areas and is associated with animals
in wild ecosystems, especially foxes. E. vogeli and E. oligarthrus
are rare species and cause polycystic echinococcosis.

Cystic echinococcosis caused by Echinococcus granulosus
(hydatidosis or hydatid disease)
Life cycle
The different species of Echinococcus have different geographical distributions and involve different hosts (table 1).
The hydatid tapeworm (E. granulosus) requires two hosts to
complete its life cycle. Dogs (and other canines) are the
definitive host and a variety of species of warm-blooded
vertebrates (sheep, cattle, goats, horses, pigs, camels and
humans) are the intermediate host. Humans are accidental

hosts and do not play a role in the biological cycle. The adult
worm inhabits the small intestine of the definitive host, is
usually 2–7 mm long, is attached to the mucosa by a double
row of hooklets contained in its scolex and has at least three
proglottids, which contain numerous eggs. The eggs pass out
in the faeces of the dog and stick to the animal9s fur or to
grass. These eggs can survive for at least a year in the outside
world, during which time they are widely dispersed. Flies help
to spread the eggs, as does the wind. The adult tapeworms
do not make their hosts ill. Intermediate hosts ingest eggs
when grazing on contaminated ground and the embryos are
released after hatching in the small intestine. Embryos then
enter the portal circulation through the intestinal wall and
travel to visceral capillary beds, usually the liver or the lung,
where they develop into cystic metacestodes. The parasite
then grows to form a cyst filled with fluid. The interior of a
cyst is filled with protoscolices, each of which has the ability
to grow into an adult worm when ingested by a canine host.
Cysts may contain hundreds or thousands of protoscolices
and this tremendous reproductive potential poses a problem
in the intermediate host (particularly in humans). Protoscolices can develop into either secondary cysts, known as
daughter cysts, or a mature worm. Daughter cysts occur in
the organs of the intermediate host, whereas mature worms
are found in the definitive host if organs infected with
protoscolices are ingested. Development into a mature worm
within the intestine of a definitive host occurs over a period of
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Table 1. – Epidemiological features and host characteristics of Echinococcus
Geographical
distribution
E. granulosus

Worldwide

E. multilocularis

Northern Hemisphere
(Central Europe, Russia,
western China, northern
Japan, North America,
North Africa)
Central and South America

E. vogeli

E. oligarthrus

Central and South
America

Frequency and severity
of human infection
Majority of human
infection caused by
this strain, also the
most pathogenic
Restricted animal
hosts limit human
infection but severe
infections can occur
Disease intermediate
in severity between
E. granulosus and
E. multilocularis
Only few reported cases

4–7 weeks and completes the life cycle. Since two mammalian
species are required for completion of the life cycle, direct
transmission of echinococcosis from human to human does
not occur. The life cycle is completed when carnivores ingest
the cysts in the viscera of intermediate hosts. Each larval
tapeworm can then develop into an adult tapeworm, which
eventually produces new eggs and thereby continues the cycle.
Humans may serve as intermediate hosts, being infected by
contact with infected dogs or by ingestion of eggs from
contaminated food, water or soil. The eggs can also be
inhaled, causing primary lung disease [1–4].

Epidemiology
Cystic echinococcosis is seen worldwide. Considerable
public health problems are encountered in endemic areas,
such as South and Central America, the Middle East, subSaharan Africa, Russia, China, Australia and New Zealand.
Most cases in the USA and Central Europe occur in
immigrants from endemic areas [3].

Parasite biology
The fully developed cysts are composed of three layers. The
outer layer, or pericyst, is composed of inflamed fibrous tissue
derived from the host; the exocyst is an acellular laminated
membrane; and the innermost layer, or endocyst, is the
germinative layer of the parasite and gives rise to brood
capsules (secondary cysts), which bud internally [5]. Protoscolices are produced within the brood capsules and take
approximately a year to develop after infection. An intact
cyst, if large, may be filled with litres of fluid. The fluid, which
is antigenic and may contain debris, contains hooklets and
scolices and is referred to as hydatid sand. It has characteristic
radiographic and sonographic features [6]. Daughter cysts
may develop directly from the endocyst, resulting in multicystic structures (table 2).

Immunity
In humans, protection following primary infection is mediated by humoral and cellular immunity. Immune responses
initially occur against the oncosphere that penetrates the small
intestinal mucosa and subsequently against the metacestode.

Definitive host

Intermediate host

Primarily dogs, other canines

Sheep, cattle, horses,
pigs, camels

Primarily foxes,
wolves, dogs, coyotes, cats

Rodents, deer, moose,
reindeer, bison

Wild canines (bush dogs)

Rodents, pacas

Wild felids (pumas, jaguars)

Rodents, rabbits

Metacestodes have developed highly effective mechanisms for
evading host defences. The membranes and host capsule
contribute to protecting the parasite from immune destruction [7]. Parasite-derived anticomplement factor may dampen
host immune response [1]. T-helper cell type 1 activation is
crucial for protective immunity, whereas the T-helper cell type
2 response is associated with susceptibility to progressive
disease [8].

Organ involvement
Following ingestion of E. granulosus eggs, the metacestode
cyst can be found in virtually any organ (primary echinococcosis). Secondary echinococcosis results from the spread
of the metacestodes from the primary sites. Of patients with
cystic echinococcus, 85–90% show single organ involvement
and w70% harbour a solitary cyst. The liver is the most
common site of cyst formation, followed by the lung in
10–30% of cases and other sites (usually the spleen, kidney,
Table 2. – Cyst characteristics of the various Echinococcus
species
Nature of larval
form in humans
E. granulosus

Cystic,
unilocular,
expansile

E. multilocularis

Multilocular,
infiltrative

E. vogeli
E. oligarthrus

Polycystic,
expansile

Cyst components

Metacestode has
endocyst (internal
germinal layer),
exocyst (parasitederived acellular
laminated layer)
and pericyst (hostderived adventitial
layer)
Very thin laminated
layer only and no
pericyst, which
enables tissue invasion
Large cysts with
multiple vesicles are
separated by septa
lined with germinal
epithelium; externally,
cyst is surrounded
by fibrous tissue
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orbit, heart, brain and bone) in y10% of cases [1–4]. In
children, the lungs may be the commonest site of cyst
formation [9]. Of patients with lung cysts, y20–40% also have
liver cysts [10, 11]. Pulmonary hydatid disease affects the right
lung in y60% of cases, 30% exhibit multiple pulmonary cysts,
20% bilateral cysts and 60% are located in the lower lobes [9].
Pulmonary echinococcosis can follow intrathoracic rupture of
a cyst of the liver [12], but most patients with pulmonary
hydatid disease do not show liver involvement [13]. Within the
chest, echinococcosis can primarily involve the pleural cavity
[14], mediastinum [15] and chest wall [16].
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Involvement of the diaphragm and thoracic cavity occurs in
y1–16% of cases of hepatic hydatid disease [10]. Transdiaphragmatic migration of hydatid disease from the posterior
segments of the right hepatic lobe has been reported to be
a common complication and is probably related to their
proximity to the diaphragm.

Diagnosis

Clinical features

In the majority of cases, a combination of imaging and
serological methods usually yields the diagnosis of cystic
echinococcosis. A patient who has lung cysts should be
investigated for associated liver cysts.

Although larvae can enter the lungs through the lymphatic
system or bronchial system, it is thought that cysts settling
down in the lungs are usually larvae that have passed through
the hepatic sinusoids [1, 3]. Pulmonary cysts typically increase
in diameter at a rate of 1–5 cm?yr-1 [17].
The initial phase of primary infection is asymptomatic and
may remain so for many years. Hydatid disease is seen in
subjects of any age and sex, although it is more common in
those aged 20–40 yrs [11, 18]. Most intact lung cysts are
discovered incidentally on chest radiographs. Occasionally,
an unruptured cyst results in cough, haemoptysis or chest
pain [13]. Subsequent clinical features of E. granulosus
infection depend upon the cyst site and size. Small cysts
may remain asymptomatic indefinitely, but cysts may enlarge
to w20 cm in diameter and cause symptoms by compressing
adjacent structures. Mediastinal cysts may erode into adjacent
structures causing bone pain, haemorrhage or airflow limitation. Symptomatic hydatid disease of the lung, however, more
often follows rupture of the cyst. The cyst may rupture
spontaneously or as a result of trauma or secondary infection.
In a contained rupture, only the endocyst is torn and the
contents of the cyst are contained by the pericyst. In a
communicating rupture, the contents of the cyst escape into
the tracheobronchial tree through bronchioles that have been
incorporated into the pericyst. Direct rupture into the pleura
follows tearing of both the endocyst and the pericyst, with
discharge of the contents of the cyst directly into the pleural
cavity [19]. Rupture may be associated with the sudden onset
of cough and fever. If the contents of the cyst are expelled into
the airway, expectoration of a clear salty or peppery tasting
fluid containing fragments of hydatid membrane and scolices
may occur.
Symptoms of hydatid disease can result from the release
of antigenic material and secondary immunological reactions
that develop following cyst rupture. Fever and acute hypersensitivity reactions ranging from urticaria and wheezing to
life-threatening anaphylaxis may be the principal manifestations. Although allergic episodes may develop after cyst rupture,
fatal anaphylaxis is uncommon [20, 21].
Other potential clinical effects of hydatid infection include
immune complex-mediated disease, glomerulonephritis leading to nephrotic syndrome, and secondary amyloidosis [22,
23]. Ruptured cysts may become infected with bacteria or
saprophytic or invasive fungi, which are serious complications
[24, 25].
Hydatid disease is a rare cause of recurrent acute pulmonary embolism. This complication may develop after invasion
of the cardiovascular system or direct invasion of the inferior
vena cava [26].
Calcification, which usually requires 5–10 yrs for development, occurs quite commonly with hepatic cysts but rarely
with pulmonary cysts. Bone cysts also do not undergo
calcification. Total calcification of the cyst wall suggests
that the cyst may be nonviable [3, 27].

Imaging. The most valuable diagnostic method in pulmonary
hydatid disease is the plain chest radiograph [11, 27–31].
Typical chest radiographic appearances of uncomplicated
pulmonary hydatid disease are one or more homogeneous
round or oval masses with smooth borders surrounded by
normal lung tissue (fig. 1) [31]. Pulmonary cysts may range
between 1 and 20 cm in diameter [32]. Large cysts can shift the
mediastinum, induce a pleural reaction or cause atelectasis
of adjacent parenchyma. Impingement on relatively rigid
anatomical structures can lead to irregularity, indentation or
lobulation of the cyst. The fluid contents of the cyst may be
identified by the finding of a change in the shape of the cyst on
serial radiographs obtained during inspiration and expiration
or with the patient erect and then supine. Calcification of
pulmonary cysts is rare. On chest radiography, calcification of
hepatic cysts may be evident [31].
Cyst growth produces erosions in the bronchioles that are
included in the pericyst, and, as a result, air is introduced
between the pericyst and exocyst, producing the crescent or
meniscus sign [31, 32]. Some consider this to be a sign of
impending rupture [31]. Air penetrating the interior of the cyst
may outline the inner surface of the exocyst, producing
parallel arches of air that are referred to as Cumbo9s sign with
an "onion peel" appearance [32]. Although these radiographic
features can be diagnostic of pulmonary hydatid disease, they
are uncommon [31]. If the ruptured cyst communicates with
the tracheobronchial tree, evacuation of the contents of the
cyst results in an air/fluid level. After partial expectoration of
the cyst fluid and scolices, the cyst empties and the collapsed
membranes can be seen inside the cyst (serpent sign). When it
has completely collapsed, the crumpled endocyst floats freely
in the cyst fluid (water-lily sign or Camelotte sign). When the
fluid is completely evacuated by expectoration, the remaining
solid components fall to the dependent part of the cavity
giving the "mass within a cavity" or Monod9s sign. Like the
crescent sign, the water-lily sign, which is pathognomonic of a
collapsed endocyst, is seen in the minority of cases. For
pulmonary ecchinococcosis, ultrasonography is unhelpful in
most cases unless the cysts are close to the pleural surface
(fig. 2) [31, 32].
Computerised tomography (CT) scan with contrast may
demonstrate a thin enhancing rim if the cyst is intact (fig. 3).
The contents of closed simple cysts are homogeneous, with a
density close to that of water [33]. Unruptured cysts are often
indistinguishable from a variety of other pulmonary lesions,
but the diagnosis may be established by finding daughter cysts
attached to the endocyst or lying free within the main cyst or
rupture of the main cyst. CT scanning can elucidate the cystic
nature of the lung mass and provide accurate localisation for
planning of surgical treatment of complicated cysts. The
inverse crescent sign results from air dissection-induced
separation of the membranes from the posterior aspect of
the cyst without any anterior extension and bleb of air
dissecting into the wall of the cyst, giving it the shape of a ring
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a)

a)

b)

b)

Fig. 2. – a) Posteroanterior and b) lateral chest radiography showing a
hydropneumothorax in a patient with ruptured cystic hydatidosis
with discharge of contents into the pleural space.
Fig. 1. – a) Posteroanterior and b) lateral chest radiography showing
well-defined rounded opacities in the right lung of a patient with
unruptured cystic echinococcosis.

termed the signet ring sign. In addition, an increase in the CT
density of the lung mass and/or a thick wall should not negate
a diagnosis of hydatid disease [34].
The magnetic resonance signal characteristics of a hydatid
cyst may differ depending on the developmental phase, i.e.
whether it is uni- or multilocular and whether the cyst is
viable, infected or dead. Information regarding reactive changes
in the host tissue, capsule and signal intensity of parent and
daughter cysts is also obtained. On magnetic resonance imaging (MRI), cysts show low signal intensity on T1-weighted
images and high signal intensity on T2-weighted images [35].

Immunoscintigraphy utilises radiolabelled antibodies raised
to parasite antigens. Although not yet widely available clinically, this may be a specific imaging modality in the future
[36].

Laboratory and special investigations
Laboratory. In pulmonary cystic echinococcosis, routine
laboratory tests do not show specific results. Less than 15%
of cases exhibit eosinophilia, which generally occurs only if
there is leakage of antigenic material [11, 37].
Serology. Immunodiagnostic testing for serum antibodies or
circulating antigen provides supportive evidence of pulmonary
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Management

Fig. 3. – Computerised tomography scan of the lung showing a cystic
mass measuring 365 cm in the right lower lobe of a patient with
cystic hydatidosis.

echinococcosis. An enzyme-linked immunosorbent assay or
indirect haemagglutination test is commonly used as an initial
screen, and is positive in onlyy50% of patients with pulmonary
hydatidosis and w90% of patients with hepatic cysts [38].
Testing for specific antibodies, such as specific immunoglobulin G1 or G4 rather than total immunoglobulin G, may
improve the specificity of a test [39, 40]. The specificity of these
tests increases considerably when utilising antigen 5 (arc 5 test),
immunoblotting or gel diffusion assay for specific hydatid
antigen. Antigen 5 is a major parasite antigen found on the
inner aspect of the germinal layer, brood capsule and protoscolices. Antigen B, located on the protoscolices, and particularly
its smallest subunit of 8 kDa, offers greater specificity than
does detection of antigen 5 [41, 42].
Serological testing produces both many false-positive and
many false-negative results. False-positive reactions are more
likely in the presence of other helminthic infections (particularly neurocysticercosis), cancer and immune disorders. Falsenegative results occur with varying frequency depending upon
the site of the lesion and cyst integrity and viability. A
negative serological test generally does not rule out echinococcosis [43]. Serology is less likely to be positive if the cysts at
any site are intact, calcified or nonviable, and children and
pregnant subjects more frequently exhibit negative serology
[3, 27, 43].
Currently, polymerase chain reaction (PCR) techniques are
only being used for research purposes, but they may have a
role to play in diagnosis and species determination in the
future. Deoxyribonucleic acid probes using Southern hybridisation tests are also being developed [44].

Percutaneous aspiration. Inadvertent percutaneous aspiration
can confirm the diagnosis by demonstrating the presence of
protoscolices, hooklets or hydatid membranes. Active cysts
exhibit clear watery fluid containing scolices and show elevated
pressure, whereas inactive cysts exhibit cloudy fluid without
detectable scolices and do not show elevated pressure [45].
Owing to the possibility of cyst rupture, anaphylaxis and
dissemination of cyst contents, percutaneous aspiration of lung
cysts has been considered too risky for routine diagnostic use,
although this procedure is now commonly used for the
diagnosis and treatment of hepatic echinococcal cysts [4].
Several reports of this approach have shown it to be successful
in patients with pulmonary hydatid disease [46, 47].
Protoscolices or degenerated hooklets can sometimes be
demonstrated in sputum, bronchial washings or pleural fluid.

Surgical treatment. For patients who are able to undergo
surgery, it is considered the treatment of choice since the
parasite can be completely removed and the patient cured. The
surgical options for lung cysts include lobectomy, wedge
resection, pericystectomy, intact endocystectomy and capitonnage [48]. During surgery it is important to rigorously minimise
spillage of cyst contents in order to prevent intraoperative
dissemination and eventual recurrence. This may be accomplished by the delivery of intact cyst or by cystic fluid aspiration
with or without the use of a scolicidal solution and preoperative therapy with albendazole [49].
Puncture, aspiration or injection of a helminthicide and
reaspiration has been advocated for hepatic cysts. However,
for pulmonary cysts, this technique shows more complications and is rarely indicated [50, 51].
Scolicidal agents such as hypertonic saline, cetrimide,
povidone-iodine, formalin, ethanol or hydrogen peroxide
may be used. If a protoscolicidal agent is used, it must remain
in contact with the cyst for o15 min. Most surgeons use 1%
formaldehyde or hypertonic saline solution for deactivation
of cysts and protection of the operative field [52].
Bilateral hydatid disease of the lungs may be managed by
one- or two-stage surgery via either bilateral thoracotomy,
sternotomy or video-assisted thoracic surgery. Some prefer
two-stage thoracotomy, operating on the side with the larger
ruptured and infected cyst first. However, median sternotomy
is a better alternative for the treatment of bilateral hydatid
disease of the lung. This method is more economical, causes
less pain and is better tolerated than two thoracotomic
procedures [38, 49, 53–55].
Abdominal liver cysts may be treated during the same
operation or separately. The lung is generally treated first
[55]. Surgery is indicated in most cases of pulmonary cystic
echinococcosis as operative mortality is low (1–2%), morbidity
rates are acceptable and the recurrence rate is low (1–3%)
[11, 14, 37, 48, 56, 57].
Medical treatment. Medical therapy with benzimidazoles is
valuable in disseminated disease, including secondary lung or
pleural hydatidosis, poor surgical risk patients and when there
is intraoperative spillage of hydatid fluid (table 3) [49].
Adjunctive chemotherapy before and after surgery appears
to reduce the risk of recurrence by inactivating protoscolices
and reduces the tension of the cysts for easier cyst removal
[58, 59]. If spillage of the cyst contents occurs, either spontaneously or following iatrogenic manipulation, it is recommended
that either mebendazole or albendazole be given to reduce the
risk of secondary hydatidosis. However, the optimal duration
of chemotherapy before and after surgical procedures is not
known. Therapy generally should begin o4 days prior to
surgery and be continued for 1–3 months [46, 49, 60].
The usual dose of mebendazole is 40–50 mg?kg body
weight-1?day-1, given in three divided doses after meals
(maximum daily dose 6 g). Therapy is usually indicated for
o3–6 months. Albendazole is given at a dosage of 10–
15 mg?kg body weight-1?day-1 in two divided doses and the
usual dose is 800 mg daily. Therapy is most often indicated
for a minimum of 3–6 months. Albendazole is preferred
because it has better bioavailability [61].
Both drugs are also contraindicated in pregnancy (especially
during the first trimester) because of possible teratogenicity.
Medical treatment alone has been suggested by some to be
sufficient for small pulmonary hydatid cysts [62, 63]. A newer
benzimidazole compound, oxfendazole, has been studied in a
mouse model and preliminary results suggest it may be a more
effective compound [64].
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Table 3. – Drugs used in the treatment of echinococcosis
Oral dosage
Mebendazole
Albendazole#
Praziquantel}

40–50 mg?kg body weight-1?day-1
three times daily
10–15 mg?kg body weight-1?day-1
twice daily
40 mg?kg body weight-1
once weekly

Duration

Maximum dose

3–6 months for E. granulosus

6 g?day-1

3–6 months for E. granulosus and
prolonged or lifelong for E. multilocularis
Uncertain

Usually 800 mg?day-1
NA

E.: Echinococcus; NA: not available. #: preferred because it exhibits better bioavailability than mebendazole; }: can combine with albendazole.

Praziquantel, an isoquinolone, has also been used for
therapy. It has been shown to have effective protoscolicidal
activity and may be more effective than albendazole in vitro.
Praziquantel (40 mg?kg body weight-1 orally once a week)
has been used alone and in combination with albendazole. A
few reports suggest that the combination of albendazole and
praziquantel as medical therapy or as postspillage prophylaxis
is more effective than either therapy alone [38, 65, 66]. The
efficacy of praziquantel is variable and its role in primary
chemotherapy is not clearly defined.

Monitoring response to therapy
Evaluating the success of therapy is difficult and usually
requires regular follow-up and imaging. The use of serological
titres to monitor therapy has also been assessed [67].
Serological tests showed an increase in titre in the majority
of patients for the first 3 months after surgery, probably a
result of antigen liberation during cyst manipulation.
Serological tests showed decreasing antibody titres from 3
months after surgery in patients without relapse. Patients
who relapse show either persistently high (early relapse) or an
initial decrease and subsequent increase (late relapse) in
antibody titres [67]. No serological test has consistently
proved reliable in monitoring patients on chemotherapy for
hydatid disease. There are no formal recommendations on
how patients are best monitored whether by imaging or
serology, and this needs to be individualised.

Prevention
Prevention of cystic echinococcosis can often be achieved
by avoiding close contact with dogs. Careful washing of fresh
produce can also reduce infection. Prohibition of homeslaughter of sheep and proper offal disposal prevents dogs
from consuming infected viscera, thus disrupting the life cycle
of the parasite. Elimination of stray dogs and surveillance
techniques, involving either diagnostic purging of dogs or
coproantigen tests, have helped to reduce infections in some
endemic areas [68]. Vaccination is also a prospect for prevention of echinococcosis, since protective immunity develops in
intermediate hosts [68–70].

is not known but is significantly less common than disease due
to E. granulosus [1–4].

Epidemiology
E. multilocularis occurs almost exclusively in the Northern
Hemisphere, particularly in parts of Central Europe, Russia,
western China, northern Japan, North America (in subarctic
regions of Alaska and Canada) and North Africa [1–3].
E. multilocularis causes alveolar echinococcosis, which accounts
for v5% of all cases of hydatid liver disease and, less
frequently, lung disease [3, 38].

Parasite biology
The cysts of E. multilocularis are typically slow growing,
with an estimated incubation period of 5–15 yrs. Exogenous
budding and proliferation of the cyst, which lacks a limiting
membrane of parasite or host origin, causes infiltration into
adjacent tissues and results in pressure necrosis of surrounding host tissue. The lesions are composed of numerous
irregular cysts of various sizes (a few millimetres to a few
centimetres), with no sharp demarcation from surrounding
organ tissue [1–3].
Microscopically, the cysts are composed of a thin laminated
layer with minimal or no germinal layer. Brood capsules and
protoscolices form in v10% of these cysts, which, instead,
reproduce by asexual lateral budding. Spontaneous death of
metacestodes and degeneration of lesions may occur [71].

Immunity
Both humoral and cellular immunity are activated by this
parasite. The role of antibodies in controlling metacestode
proliferation has not been proved. T-lymphocyte responses
may be more important in controlling infection [3, 72].
Certain human leukocyte antigens have been implicated in
protection or susceptibility to infection [73].

Clinical features and organ involvement
Alveolar echinococcosis caused by Echinococcus
multilocularis (alveolar hydatid disease)
Life cycle
The life cycle involves wild canine, usually foxes and
wolves, as definitive hosts and rodents, deer, moose, reindeer
and bison as intermediate hosts. Domestic dogs or cats may
also become infected and can transmit the infection to
humans directly or contaminate food with parasite eggs.
The exact incidence of human infection with E. multilocularis

E. multilocularis can cause a severe and often fatal infection
in humans. The mean age at presentation is 55 yrs [3]. The
metacestode tissue behaves similarly to a malignant tumour,
which invades and destroys tissue, extends beyond organ
borders into adjacent structures, and metastasises to distant
sites, such as the lung, brain and other organs. The liver is the
primary site of cyst development in almost all patients. If left
untreated, w90% of patients will die within 10 yrs from onset
of symptoms, and virtually 100% by 15 yrs [3, 74, 75].
Lung manifestations always occur after hepatic involvement. Transdiaphragmatic contiguous migration of hepatic
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lesions is common and intrathoracic rupture of hepatic cysts
into the bronchial tree, pleural cavity or mediastinum may
occur. Hepatic lesions may invade the inferior vena cava and
hepatic veins with metastases to the right atrium with
parasitic pulmonary emboli which is rapidly fatal [3].

Praziquantel has also been used for alveolar echinococcosis
but data from animal models are disappointing.
Liver transplantation is an option for therapy in patients
with unresectable liver lesions. However, residual parasite
tissue may be prone to more rapid growth because of immunosuppression and post-transplant adjuvant chemotherapy with
a benzimidazole is advised [88].

Diagnosis
The combination of imaging and serology usually enables
diagnosis of both cystic and alveolar echinococcosis, although
the latter is more sensitive and specific for E. multilocularis
infection.

Imaging
Liver lesions on ultrasonographic or CT scan usually have
an irregular contour without a well-defined wall, central
necrosis, and irregular intralesional and wall calcifications.
They may be difficult to distinguish from a tumour, but the
patient9s overall condition is generally better than would be
expected with a malignancy. Obstruction of the inferior vena
cava or the portal venous system may be evident and may be
more easily appreciated on MRI scan. Lung, brain and bone
lesions may also be detected in a similar manner [76].

Serology
Specific E. multilocularis antigens, such as Em2 and Em18,
are often used in the serodiagnosis of alveolar echinococcosis.
These antigens can discriminate between E. granulosus and
E. multilocularis in 95–97% of cases [77–80].
Open biopsy may be required in seronegative patients.
In the future, PCR may allow earlier detection of infection
[81–83].
Fluorodeoxyglucose positron emission tomography may
allow distinction between metabolically active lesions and
nonenhancing metabolically inactive lesions [84]. This is a
useful tool for assessing response to therapy and detecting
relapses; however, it is expensive and not widely available.

Echinococcus vogeli
E. vogeli causes polycystic hydatid disease. Dogs and other
canine serve as the definitive hosts, and pacas and other
rodents are the principal intermediate hosts. E. vogeli occurs
in central and northern South America. The clinical disease is
intermediate in severity between cystic and alveolar infections
[89]. The liver is involved in the majority of cases and the
lungs are involved in y15% [1–3]. Serological tests are unable
to differentiate E. vogeli from other echinococcal species.
Treatment for E. vogeli has not been well studied.

Echinococcus oligarthrus
E. oligarthrus also causes polycystic echinococcosis. The
parasite uses wild felids, such as pumas and jaguars, as
definitive hosts; intermediate hosts include rodents and
rabbits [1–3]. Only three cases of E. oligarthrus infection
have been documented in South America [89–91]. Metacestodes in animals tend to localise in muscles or other
extrahepatic sites, such as the eye and the heart, and the
liver is involved less frequently. Little is known about optimal
treatment.

Conclusion
Surgery remains the primary choice of treatment in cystic
pulmonary echinococcosis. In inoperable alveolar echinococcosis, long-term chemotherapy is advocated. The ultimate aim
is to have proper control measures and prevent these cestode
infestations. A better understanding of hydatid immunoregulation may pave the way to rational immunotherapy and
future vaccine development.

Treatment
The treatment for alveolar echinococcosis generally is less
effective than that for the cystic form as there are delays in
diagnosis and the invasiveness of the metacestode renders
many patients inoperable. Screening high-risk populations to
detect disease may improve the prognosis earlier.
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