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ARTICLE INFO ABSTRACT

Keywords: Cystic echinococcosis (CE) is a widely endemic helminthic disease caused by infection with metacestodes (larval
Cystic echinococcosis stage) of the Echinococcus granulosus tapeworm and transmitted by dogs. E. granulosus are common parasites in
Epidemiology certain parts of the world, and are present on every continent with the exception of Antarctica. As a result, a
;ZL’:S’:;C echinococcosis large number of people are affected by CE. In humans, the disease is characterized by slowly growing cyst

commonly occurring in liver and lungs. Clinical features are mainly right upper quadrant pain, feeling of lump
and enlarged tender liver. The cyst may be complicated by infection or rupture and may lead to anaphylactic
reaction. The diagnosis depends on clinical suspicion. They appear in two ways as general (systemic) symptoms,
and local symptoms based on the site and organ on which the larva settles. While cysts sometimes recover
spontaneously, more severe clinical presentations are observed in immunosuppressed individuals.
Ultrasonography supported by serology is the main diagnostic modality. The treatment varies from surgical
intervention to minimally invasive treatments (percutaneous drainage) or medical therapies. Surgery is still the
best treatment modality. Percutaneous drainage of the cyst is a good option in selected cases. New sensitive and
specific diagnostic methods and effective therapeutic approaches against echinococcosis have been developed in

the last 10 years.

1. Introduction

Human echinococcosis is a zoonotic infection transmitted by dogs in
livestock raising areas. The causative agent is Echinococcus granulosus
belonging to taeniidae family of cestoda class [1]. Based on their ge-
netic structures and biological properties, six different types of E.
granulosis (sheep, cattle, horse, camel, swine and deer) have been
shown, but four are of public health concern: E. granulosus (which
causes Cystic Echinococcosis), E. multilocularis (which causes alveolar
echinococcosis), E. vogeli and E. oligarthrus (which cause polycystic
echinococcosis). Two new species have recently been identified: E.
shiquicus in small mammals from the Tibetan plateau and E. felidis in
African lions, but their zoonotic transmission potential is unknown.
Molecular studies using mitochondrial DNA sequences have identified
10 distinct genetic types (G1—10) within E. granulosus [2,3]. These
include two sheep strains (G1 and G2), two bovid strains (G3 and G5), a
horse strain (G4), a camelid strain (G6), a pig strain (G7), and a cervid
strain (G8). A ninth genotype (G9) has been described in swine in Po-
land and a tenth strain (G10) in reindeer in Eurasia. The sheep strain
(G1) is the most cosmopolitan form and is most commonly associated
with human infections [2]. Certain human activities (e.g. the wide-
spread rural practice of feeding dogs the viscera of home-butchered
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sheep) facilitate transmission of the sheep strain and consequently raise
the risk that humans will become infected [3]. (see Table 1)

There are two hosts in the life-cycle of the parasite. The first one is
the “primary host” or definitive host, and the second one is the “in-
termediate host” in which the illness occurs. Adult forms are present in
the intestines of primary hosts including cats, dogs, wolfs and foxes, and
here, they only cause intestinal parasitosis but not organ disease. Adult
parasite lives approximately for 5 months in dog intestines [4,5].
“Definitive hosts” spread millions of parasite eggs on defecation. Sheep
and other herbivorous animals becomes “intermediate host” for the
parasite when they eat herbs contaminated with these eggs, or humans
become “intermediate host” for the parasite when they eat food con-
taminated with these eggs. Embryo (oncosphere) which comes out of
the egg taken via gastrointestinal tract, adheres to intestinal wall with
its hooks, then enters into circulation and reaches firstly to the liver.
Thus, liver is the most common site of disease in humans accounting for
50-70% of cases, followed by the lungs (20-30%), and less frequently
the spleen, kidneys, heart, bones, central nervous system, and other
organs [5]. Embryo loses its scolex when it settles in an organ, and takes
the cyst form consisting of cuticula (exocyst) and germinal membrane
(endocyst). The cyst has sterile, clear fluid inside, and this cystic
structure is wrapped with a fibrous capsule “pericyst”. When alive
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Table 1
Imaging modalities used.
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DIRECT X RAYS

Not diagnostic for hydatid cyst, but may lead to the suspicion of disease (Fig. 2).

Complicated hydatid cyst: ‘air meniscus sign’ water-lily sign

double-dome arch sign’ and ‘calcification’.
ULTRASONOGRAPHY
post treatment monitoring

Gold standard diagnostic method screening method of choice

highest sensitivity for the detection of membranes, septa, and hydatid sand

COMPUTED TOMOGRAPHY SCAN

Valuable information regarding the size of the cyst, septation presence, the integrity of germinative membrane, status of liver parenchyma,

location and the depth of the cyst and adjacency with bile ducts (Fig. 1). The presence of daughter cysts and exogenous cysts can also

clearly be seen on CT.

MAGNETIC RESONANCE IMAGING Well structural details of the hydatid cysts,

MRI can detect early irregularities in the wall, thought to represent an impending membrane detachment.
MRI is especially indicated in cerebral pathologies.

hydatid cysts are eaten by the last host dog, the infection chain is
completed, and the life cycle returns to beginning [6,7].

Hepatic CE is life-threatening disease. Despite some progress in the
control of echinococcosis, this zoonosis continues to be a major public
health problem in several countries, and in several others it constitutes
an emerging and re-emerging disease. In this review, we discuss aspects
of the biology, life cycle, etiology, distribution, and transmission of the
Echinococcus organisms, and the epidemiology, clinical features,
treatment, and effect of improved diagnosis of the diseases they cause.

2. Epidemiology

According to the World Health Organization (WHO), E. granulosus is
endemic in South America, Eastern Europe, Russia, the Middle East, and
China, where human incidence rates are as high as 50 per 100,000
person-years. In certain areas, such as slaughter houses in South
America, prevalence varies from 20% to as high as 95% [8]. The most
common intermediate hosts are farm animals, such as sheep, goats,
swine, camels, horses, and cattle, as well as mule deer [9]. The in-
cidence of surgical cases reflects only a fraction of the number of in-
fected hosts, which, in turn, is only a fraction of the actual prevalence in
endemic areas. Foci of hydatid disease also exist in India where the
highest prevalence is reported in Andhra Pradesh and Tamil Nadu than
in other parts of the country [10,11]. Tanzania, Malta, South Cyprus
and New Zealand became hydatid cyst free zones with their applied
public health policies [12]. Factors such as agriculture-based sub-
sistence, low socio-economic status, regional climate, and uncontrolled
and unhygienic animal slaughtering increase the incidence.

3. Etiology and pathogenesis

Adult tapeworm lives in the upper small bowel of the definitive host
(dogs). Other definitive hosts are wolves, jackals, domestic cats, and
reindeer etc. Sheep, cattle, pigs and humans contain larval stage and are
intermediate hosts. They are infected faeco-orally by eggs shed in the
environment with faeces of infected dogs. Upon entering the small in-
testine, the parasite remains firmly attached to the mucosa, and later
sheds gravid proglottids that are excreted in the infected animal's faeces
[13]. Within each proglottid, there are hundreds of eggs. These eggs can
then be ingested by intermediate hosts where they mature into cysts
and daughter cysts, such as in sheep that acquire the infection by
grazing upon grass contaminated with dog faeces containing the eggs.
Human infection does not occur by the handling or ingestion of meat or
viscera from infected sheep. Rather, humans are accidental inter-
mediate hosts that become infected either by direct contact with a dog
contaminated with egg-bearing faeces or by ingesting water, food, or
soil contaminated with such faeces. In human infection, the first stage is
the asymptomatic incubation period, during which ingested eggs re-
lease oncospheres that are able to penetrate the human intestinal wall.
These oncospheres enter the portal venous system, which provides ac-
cess to the liver, lungs, and various other organs [14-16]. Next, the
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oncospheres begin cyst development. Cysts are usually unilocular, and
can range anywhere from 1 cm to 15 cm in diameter. In CE, cyst growth
ranges from 1-2mm to 10 mm per year. They also tend to affect the
right lobe more frequently than the left lobe due to the nature of portal
blood flow. The cysts are composed of two layers of membrane: an
inner, nucleated, germinal membrane, and an outer, acellular, lami-
nated layer. The immune system responds to the cyst by forming a
calcified fibrous capsule around it, which is the layer that is most often
visualized on imaging studies [15]. The cyst enlarges to form a com-
bination of protoscolices and daughter cysts. The combination of many
protoscolices and cystic fluid appears grain-like on ultrasound imaging,
and is thus termed “hydatid sand.” Animals that consume organs in-
fected with protoscolices will become definitive hosts, as the proto-
scolices attach firmly to the host's intestine, and then develop into an
adult worm with a scolex (head), neck, and proglottids [15,17]. E.
granulosus infections usually present as solitary cysts, and have single-
organ involvement. In 10-15% of patients, there can be involvement of
two organs depending on the specific geographic region and strain of
parasite [15].

4. Description of the pathogen

The echinococcal cyst is a fluid-filled, spherical, unilocular cyst that
consists of an inner germinal layer of cells supported by a characteristic
acidophilic-staining, acellular, laminated membrane of variable thick-
ness [18]. Each cyst is surrounded by a host-produced layer of granu-
lomatous adventitial reaction. Small vesicles called brood capsules bud
internally from the germinal layer and produce multiple protoscolices
by asexual division. With time, internal septations and daughter cysts
can form, disrupting the unilocular pattern typical of the young echi-
nococcal cysts.

5. Clinical features

CE can go undetected for many years due to the slow growth and
development of cysts and host's immune system [19,20]. Depending on
the size and location, cysts can eventually exert pressure on nearby
structures, producing abdominal discomfort and pain [13,15,16].
Symptoms develop slowly. Epigastric and/or right hypochondriac pain,
nausea and vomiting are frequently observed. 85-90% of the cases have
single organ involvement, and more than 70% of patients have a single
cyst. Based on the organ in which the cyst settles and the environment
they affect, they may show various clinical manifestations changing
from cholangitis with biliary ruptures, portal hypertension, biliary ob-
struction and fistulae, and ascites to abscess formation [21]. For ex-
ample, cysts in the liver can compress bile ducts, causing obstruction
that can manifest as obstructive jaundice, abdominal pain, anorexia,
and pruritus [22]. When in the lungs, cysts can irritate the membranes
leading to chronic cough, dyspnea, pleuritic chest pain, and hae-
moptysis [15,23]. Cyst rupture or leakage can cause immunologic
symptoms from elevated levels of immunoglobulins (Ig). IgE, IgG2, and
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Fig. 1. CT image after contrast enhancement showing hydatid cysts in liver, lung and spleen in different sections.

IgG4 have been implicated for allergic reactions such as pruritus, hives,
and anaphylactic shock [20]. Ruptured cysts can release viable cystic
contents and protoscolices into the peritoneum, resulting in secondary
hydatidosis [23]. Thus, infectious symptoms can manifest as sepsis,
either due to the primary infection or to a secondary infection from
leakage into the biliary tree. In one study, bacterial superinfection was
found in 7.3% (37/503) of patients diagnosed with CE [25]. Four of
these patients developed severe sepsis, out of which two patients died.
Bacteria most commonly seen in the liver cyst infections includes E. coli,
Enterococcus, and Streptococcus viridans.

Most primary infections in humans consist of a single cyst; however,
20-40% of individuals have multiple cysts or multiple organ involve-
ment. Even though infections may be acquired in childhood, most cases
of liver and lung cysts become symptomatic and are diagnosed in adult
patients because of the slowly growing nature of the echinococcal cyst.
Only 10-20% of cases are diagnosed in patients younger than 16 years.
However, cysts located in the brain or an eye can cause clinical

symptoms even when small; thus, most cases of intracerebral echino-
coccosis are diagnosed in children. In the lungs, ruptured cyst mem-
branes can be evacuated entirely through the bronchi or can be retained
to serve as a nidus for bacterial or fungal infection. Dissemination of
protoscolices can result in multiple secondary echinococcosis disease.
Larval growth in bones is atypical;, when it occurs, invasion of marrow
cavities and spongiosa is common and causes extensive erosion of the
bone [6].

6. Complications

Cyst may rupture into the biliary system (leading to cholangitis with
or without obstructive jaundice and marked eosinophilia), into the
peritoneum (leading to anaphylaxis and/or peritoneal dissemination)
or into the pleura or lung (causing pleural hydatidosis or bronchial
fistula) [26]. The rupture may either be spontaneous or more usually
after blunt trauma. Rupture of cyst can be of three types [27]:
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1. Contained rupture - only endocyst is torn and cyst contents are
confined within pericyst. The size of cyst does not decrease on
imaging.

. Communicating rupture - there is tearing of endocyst and cyst
contents escape via biliary radicals or bronchioles that have been
incorporated in pericyst. On imaging, cyst becomes smaller with
undulating membrane.

. Direct rupture - both endocyst and pericyst rupture causing spillage
of contents into peritoneum or pleural space and dissemination of
disease.

Cysts may become infected following bacteremia or via commu-
nicating bile ducts, especially when endoscopic retrograde cholangio-
pancreatography (ERCP) has been performed. These patients present
with high fever, sepsis syndrome and a tender liver. Pressure or mass
effect on the bile ducts, portal veins, hepatic veins and inferior vena
cava can cause cholestasis, portal hypertension and the Budd-Chiari
Syndrome, respectively.

7. Diagnosis

The diagnosis is based on history, clinical examination, Serology
and Imaging. Microscopic examination of the cyst content confirms the
diagnosis. Diagnosis from serum studies is difficult because of the low
sensitivity, which is frequently due to undetectable immune responses
[28]. Immune responses depend on the location, cyst wall intactness,
and viability of the organisms. Serum liver enzyme tests also have low
sensitivities, and are frequently unreliable in determining the under-
lying severity of the infection. Moreover, liver enzyme tests are ab-
normal in only 40% of CE infected patients. When present, alkaline
phosphatase is commonly elevated, while aspartate/alanine transami-
nase ratio and bilirubin levels typically remain within the normal
limits. Complete blood count tests may be helpful, as Eosinophilia may
be present in 40% of patients [23]. (see Flowchart 1 and Flowchart 2)

8. Treatment

The approach to management and treatment of CE depends on the
extent of organ involvement, the number of cysts, presence or absence

Fig. 2. Pericystectomy specimen after draining the contents.
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of cystic-biliary communications and other factors, such as secondary
bacterial infection and hemorrhage [23]. The ultimate goal of treat-
ment is elimination of the germinal layer. Currently, three treatment
options are available: Medical, Surgical and Percutaneous.

Medical therapy is indicated in the following cases: 1) in-operable
cases in primary lung and liver CE with multiple cysts and peritoneal
involvement; 2) to reduce cyst pressure, secondary seeding, and risk of
recurrence in pre-surgical and pre-puncture cases. Contraindications
include: 1) large cysts that are likely to rupture; 2) inactive or heavily
calcified cysts; 3) early pregnancy; 4) chronic hepatic conditions and
bone marrow suppressive disorders where treatment results in adverse
side effects [10].

In general there are four different goals of medical treatment. (i)
Definite cure - for univesicular cyst (type 1 and 2) 3-6 month treatment
has success rate of 82% and relapse rate of above 25%, most of which
occurs within 2 years. Life-long follow-up is advised. (ii) Reduction of
viability and cyst size can be achieved in multi-vesicular cysts (type 3),
however, germinal layer is rather resistant to treatment and definite
cure occurs infrequently, (iii) Pre-operative reduction of viability of
univesicular cysts before planning elective surgery or percutaneous
drainage, (iv) Peri-operative or peri-interventional prophylaxis —opti-
mally should be started at least 3 days before the surgical percutaneous
treatment and should be continued for 3-8 weeks post-treatment in
uncomplicated cases and for 3-6 months in complicated cases.

Surgical management, most commonly with partial and total cy-
stectomy, has long been considered the definitive cure for CE [29]. The
aim of surgery is total removal of the cyst with avoidance of the adverse
consequences of spilling the contents. Approaches vary from radical
resection to simple cyst resection, but each case varies depending on
location, number of cysts, and structural complications, with the ideal
approach being whole, simple resection without rupture [30].

9. Follow-up period

Follow-up is recommended initially every six months for the first
two years, and then once a year depending on the appropriate clinical
setting. In CE, it is difficult to assess the frequency of relapses.
Therefore, monitoring with ultrasound is sometimes performed for up
to ten years, a duration for which recurrences have been reported de-
spite treatment. In the post-treatment phase, serologic studies, often
with Ig levels, are difficult to interpret because they may indicate re-
sidual disease as opposed to a disease recurrence. In many cases, they
remain elevated despite appropriate therapy or complete resection,
which is why they are often used in combination with imaging studies
during follow-up to detect cystic activity [8].

10. Prevention and control

The earliest successful control program was in Iceland initiated
nearly 130 years ago, when hydatid disease was affecting approxi-
mately one in every six Icelanders. An extremely effective health edu-
cation campaign sensitized the entire population, and subsequent
measures virtually eliminated home slaughter of sheep resulting in the
gradual elimination of transmission. By the 1950s, echinococcosis was
considered eradicated from Iceland. Programs initiated in New Zealand
(1959) and in Tasmania (1965) were primarily based upon education of
rural populations and motivating them to change their practices. Strict
control and prohibition of farm slaughter were key features in those
programs. The initially voluntary nature of the programs was reinforced
by legislative acts and strengthened efforts at enforcement as the pro-
grams progressed. Cystic echinococcosis has been declared provision-
ally eradicated in both Tasmania and New Zealand. Tasmania quar-
antined infected dogs and infected sheep flocks. Regional programs in
Argentina (1970), Chile (1978), and Uruguay benefited from the use of
the highly effective echinococcicidal drug praziquantel. Surveillance
data from all these programs documented the reduction of prevalence
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DIAGNOSTIC PARAMETERS

Il

HISTORY CLINICAL EXAMINATION ~ SEROLOGY IMAGING MICROSCOPY
: CONFIRMATORY
ANTIGEN ASSASYS ANTIBODY ASSAYS
(BETTER SENSITIVITY)
CURRENTLY AVAILABLE ASSAYS
IMMUNOELECTROPHORESIS  ELISA IMMUNOBLOTS
CONFIRMATORY TEST SCREENING TEST  HIGHEST SENSITIVITY
DIAGNOSTIC TITRE >1:160
SEROLOGY+ SEROLOGY - SEROLOGY —
IMAGING + IMAGING - IMAGING +
SECONDARY ANTIBODY TESTS NO FURTHER REPEAT SEROLOGICAL
DONE WORK UP TESTING
REQUIRED

Flowchart 1. Diagnostic approach in a case of hydatid cyst.

in dogs, animal intermediate hosts, and humans [32]. A promising
advance has been the development of a recombinant vaccine (EG95),
which seems to confer 96-98% protection against infection. Recent
trials in Australia and Argentina using EG95 have reported that 86% of
vaccinated sheep were completely free of viable hydatid cysts when
examined 1 year after immunization. Vaccination reduced the number
of viable cysts by 99.3% [33]. A vaccine has also been developed
against the dog tapeworm stage, which conferred 97-100% protection
against worm growth and egg production [34]. It must be noted that the
positive achievements of successful control programs, however sig-
nificant at the local level, have not markedly changed the global dis-
tribution and public health importance of hydatid disease. In most
endemic areas, effective control has not been achieved or even at-
tempted. Much remains to be done. There is concern that echino-
coccosis may have become hyperendemic in areas where it was once
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endemic.

11. Conclusion

Echinococcal cysts, although fairly uncommon, should be con-
sidered in the differential diagnosis of hepatic cysts, particularly in
patients with exposure risk. Imaging is crucial in determining cyst
stage, size, location and complications. It can also be helpful in asses-
sing the suitability of a minimally invasive PAIR approach.
Uncomplicated active cysts can be managed with chemotherapy alone
or in combination with a PAIR approach. Uncomplicated, inactive cysts
can be managed with the “watch-and-wait” strategy. Surgery is the first
choice when there is cysto-biliary fistula, significant extra-hepatic ex-
tension with high risk of perforation, complicated cysts (ruptured or
infected) and when expertise to percutaneous treatment is not
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THERAPEUTIC OPTIONS

1L

MEDICAL SURGICAL PERCUTANEOUS
1) ALBENDAZOLE PERICYSTECTOMY 1) PAIR

2) PRAZIQUANTEL+ ALBENDAZOLE
CAUSES GLYCOGEN DEPLETION IN

2)RADIOFREQUENCY THERMAL ABLATION

PARASITE D
1)PAIR: PERCUTANEOUS
OPENTYPE CLOSEDTYPE  SUBADVENTITIAL ASPIRATION INJECTION AND
REASPIRATION
DIAGNOSTIC & THERAPEUTIC
INTERVENTION
USG/CT GUIDED PROCEDURE
USES SCOLIOCIDALAGENTTO | | REMOVAL OF CYST | | NEWER
STERLIZE CYST FOLLOWED BY WITHOUT METHOD INDICATIONS: SINGLE
REMOVAL OF PERICYSTIC OPENING IT COMPARTMENTAL CYST
TISSUE AND CONTENTS

(FIGURE 2)

CONTRAINDICATIONS:
SUPERFICIAL,
COMMUNICATING, INACTIVE,
COMPLEX MULTISEPTED
CYSTS.

Post-PAIR, serial sonographic
imaging is performed to
monitor the patient’s
response

2) RADIOFREQUENCY
THERMAL ABLATION

Energy is applied through
the needle electrodes and
high temperature (up to
1000C) is achieved inside
the cyst.

Cyst material is aspirated
after procedure. The results
of this technique are
preliminary and efficacy
has yet to be proven

Flowchart 2. Therapeutic approach in a case of hydatid cyst.

available. Hydatid cyst should be considered in the differential diag-
nosis of the following pathologies: Simple cysts, non-organized hae-
matoma, necrotic tumor, cystic metastatic carcinoma, haemangioma,
pyogenic abscesses, amoebic abscess, tuberculosis and fungal infec-
tions.

Conflicts of interest

None.

Source of funding

None.

104

Ethical approval

Not applied as it is a review article.

Research registration number (UIN)

Not applicable.

Trial registry number

NA.

Author contribution

Namita Bhutani: Study design, data collection and wrote the article.



N. Bhutani, P. Kajal

Pradeep Kajal: Final editing and contributed the clinical part.

Guarantor

Pradeep Kajal.

Provenance and peer review

Not commissioned, peer reviewed.

References

[1]
[2]
[3]

[4]

[5]
[6]
[7]
[8]

[9

—

[10]
[11]

[12]

[13]

[14]
[15]

[16]

J. Eckert, F.J. Conraths, K. Tackmann, Echinococcosis: an emerging or re emerging
zoonosis? Int. J. Parasitol. 30 (2000) 1283-1294.

D.P. McManus, R.C. Thompson, Molecular epidemiology of cystic echinococcosis,
Parasitology 127 (2003) 37-51.

R.C. Thompson, D.P. McManus, Towards a taxonomic revision of the genus
Echinococcus, Trends Parasitol. 18 (2002) 452-457.

Y.R. Yang, T. Sun, Z. Li, J. Zhang, J. Teng, X. Liu, et al., Community surveys and risk
factor analysis of human alveolar and cystic echinococcosis in Ningxia Hui
Autonomous Region, China, Bull. World Health Organ. 84 (2006) 714-721.

W.S. Kammerer, P.M. Schantz, Echinococcal disease, Infect. Dis. Clin. 7 (1993)
605-618.

Z.1. Carrim, J.T. Murchison, The prevalence of simple renal and hepatic cysts de-
tected by spiral computed tomography, Clin. Radiol. 58 (2003) 626-629.

U. Karaman, O. Mman, M. Kara, Y. Gicik, O.M. Aycan, et al., Hydatid cyst pre-
valence in the region of Kars, Turk. Parazitoloji Derg. 29 (2005) 238-240.

E. Brunetti, P. Kern, D.A. Vuitton, Writing Panel for the WHO-IWGE. Expert con-
sensus for the diagnosis and treatment of cystic and alveolar echinococcosis in
humans, Acta Trop. 114 (2010) 1-16, https://doi.org/10.1016/j.actatropica. 2009.
11.001.

B. Otero-Abad, P.R. Torgerson, A systematic review of the epidemiology of echi-
nococcosis in domestic and wild animals. Garcia, PLoS Neglected Trop. Dis. 7
(2013) 2249, https://doi.org/10.1371/journal.pntd.0002249.

C.R.R.M. Reddy, Epidemiology of hydatid disease in Kurnool, Indian J. Med. Res. 56
(1968) 1205-1220.

U.V. Rana, S. Sehgal, R. Bhatia, M. Bhardwaj, et al., Hydatidosis in animals in and
around Delhi, J. Comm. Dis. 18 (1986) 116-119.

G. Christofi, P. Deplazes, N. Christofi, I. Tanner, P. Economides, et al., Screening of
dogs for Echinococcus granulosus coproantigen in a low endemic situation in
Cyprus, Vet. Parasitol. 104 (2002) 299-306.

A. Siracusano, A. Teggi, E. Ortona, Human cystic echinococcosis: old problems and
new perspectives, Interdiscip Perspect Infect Dis (2009) 474368, https://doi.org/
10.1155/2009/474368.

D.B. Lewall, Hydatid disease: biology, pathology, imaging and classification, Clin.
Radiol. 52 (1998) 863-874, https://doi.org/10.1016/50009-9260(98)80212-2.

B. Gottstein, Hydatid disease, major tropical syndromes by body system, Syst.
Infect. 169 (2000) section 6.

A. Siracusano, F. Delunardo, A. Teggi, E. Ortona, Host-parasite relationship in cystic

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[25]

[26]

[27]

[28]

[29]

[30]

[32]

[33]

[34]

Annals of Medicine and Surgery 36 (2018) 99-105

echinococcosis: an evolving story, Clin. Dev. Immunol. (2012) 639362, https://doi.
0rg/10.1155/2012/639362.

R. Lissandrin, F. Tamarozzi, L. Piccoli, C. Tinelli, A. Silvestri, M. Mariconti, et al.,
Factors influencing the serological response in hepatic Echinococcus granulosus
infection, Am. J. Trop. Med. Hyg. 94 (2016) 166-171, https://doi.org/10.4269/
ajtmh.15-0219.

R.C. Thompson, Biology and systematics of Echinococcus, in: R.C. Thompson (Ed.),
Lymbery AJ. Echinococcus and Hydatid Disease, CAB International, London, 1995,
pp. 1-37.

A. Siracusano, F. Delunardo, A. Teggi, E. Ortona, Cystic echinococcosis: aspects of
immune response, immunopathogenesis and immune evasion from the human host,
Endocr. Metab. Immune Disord. - Drug Targets 12 (2012) 16-23, https://doi.org/
10.2174/187153012799279117.

W. Zhang, A. Ross, D. McManus, Mechanisms of immunity in hydatid disease: im-
plications for vaccine development, J. Immunol. 181 (2000) 6679-6685, https://
doi.org/10.4049/jimmunol.181.10.6679.

G. Nunnari, M.R. Pinzone, S. Gruttadauria, B.M. Celesia, G. Madeddu, et al., Hepatic
echinococcosis: clinical and therapeutic aspects, World J. Gastroenterol. 18 (2012)
1448-1458.

J. Langer, D. Rose, J. Keystone, B. Taylor, B. Langer, Diagnosis and management of
hydatid disease of the liver. A 15-year North American experience, Ann. Surg. 199
(1984) 412-417, https://doi.org/10.1097/00000658-198404000-00007.

N. Symeonidis, T. Pavlidis, M. Baltatzis, K. Ballas, K. Psarras, G. Marakis, et al.,
Complicated liver echinococcosis: 30 years of experience from an endemic area,
Scand. J. Surg. 102 (2013) 171-177, https://doi.org/10.1177/1457496913491877.
M.B. Garcia, J.P. Lledias, 1.G. Pérez, V.V. Tirado, L.F. Pardo, L.M. Bellvis, et al.,
Primary super-infection of hydatid cyst-clinical setting and microbiology in 37
cases, Am. J. Trop. Med. Hyg. 82 (2010) 376-378, https://doi.org/10.4269/ajtmh.
2010. 09-0375.

R. Ammann, J. Eckert, Cestodes. Echinococcus, Gastroenterol. Clin. North Am. 25
(1996) 655-689.

D.B. Lewall, S.J. Mc Corkell, Rupture of echinococcal cysts:diagnosis, classification
and clinical implications, Am. J. Roentgenol. 146 (1986) 391-394.

W. Zhang, H. Wen, J. Li, R. Lin, D. McManus, Immunology and immunodiagnosis of
cystic echinococcosis: an update, Clin. Dev. Immunol. 2012 (2012) 101895, https://
doi.org/10.1155/2012/101895.

T. Tuxun, J.H. Zhang, J.M. Zhao, Q.W. Tai, M. Abudurexti, H.Z. Ma, et al., World
review of laparoscopic treatment of liver cystic echinococcosis-914 patients, Int. J.
Infect. Dis. 24 (2014) 43-50, https://doi.org/10.1016/j.ijid.2014.01.012.

T. Junghanss, A.M. da Silva, J. Horton, P.L. Chiodini, E. Brunetti, Clinical man-
agement of cystic echinococcosis: state of the art, problems, and perspectives, Am.
J. Trop. Med. Hyg. 79 (2008) 301.

P. Moro, P.M. Schantz, Cystic echinococcosis in the americas, Parasitol. Int. 55
(2006) 181-186.

D.D. Heath, O. Jensen, M.W. Lightowlers, Progress in control of echinococcosis
using vaccination—a review of formulation and delivery of the vaccine and re-
commendations for practical use in control programs, Acta Trop. 85 (2003)
133-143.

W. Zhang, Z. Zhang, B. Shi, J. Li, H. You, G. Tulson, et al., Vaccination of dogs
against Echinococcus granulosus, the cause of cystic hydatid disease in humans, J.
Infect. Dis. 194 (2006) 966-974.


http://refhub.elsevier.com/S2049-0801(18)30241-3/sref1
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref1
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref2
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref2
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref3
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref3
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref4
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref4
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref4
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref5
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref5
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref6
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref6
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref7
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref7
https://doi.org/10.1016/j.actatropica. 2009.11.001
https://doi.org/10.1016/j.actatropica. 2009.11.001
https://doi.org/10.1371/journal.pntd.0002249
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref10
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref10
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref11
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref11
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref12
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref12
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref12
https://doi.org/10.1155/2009/474368
https://doi.org/10.1155/2009/474368
https://doi.org/10.1016/S0009-9260(98)80212-2
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref15
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref15
https://doi.org/10.1155/2012/639362
https://doi.org/10.1155/2012/639362
https://doi.org/10.4269/ajtmh.15-0219
https://doi.org/10.4269/ajtmh.15-0219
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref18
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref18
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref18
https://doi.org/10.2174/187153012799279117
https://doi.org/10.2174/187153012799279117
https://doi.org/10.4049/jimmunol.181.10.6679
https://doi.org/10.4049/jimmunol.181.10.6679
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref21
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref21
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref21
https://doi.org/10.1097/00000658-198404000-00007
https://doi.org/10.1177/1457496913491877
https://doi.org/10.4269/ajtmh.2010. 09-0375
https://doi.org/10.4269/ajtmh.2010. 09-0375
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref26
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref26
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref27
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref27
https://doi.org/10.1155/2012/101895
https://doi.org/10.1155/2012/101895
https://doi.org/10.1016/j.ijid.2014.01.012
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref30
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref30
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref30
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref32
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref32
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref33
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref33
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref33
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref33
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref34
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref34
http://refhub.elsevier.com/S2049-0801(18)30241-3/sref34

	Hepatic echinococcosis: A review
	Introduction
	Epidemiology
	Etiology and pathogenesis
	Description of the pathogen
	Clinical features
	Complications
	Diagnosis
	Treatment
	Follow-up period
	Prevention and control
	Conclusion
	Conflicts of interest
	Source of funding
	Ethical approval
	Research registration number (UIN)
	Trial registry number
	Author contribution
	Guarantor
	Provenance and peer review
	References




