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Abstract

Echinococcosis or hydatid disease (HD) is a zoonosis
caused by the larval stages of taeniid cestodes belong-
ing to the genus Echinococcus. Hepatic echinococcosis
is a life-threatening disease, mainly differentiated into
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alveolar and cystic forms, associated with Echinoc-
cus multilocularis (E. multilocularis) and Echinococcus
granulosus (E. granulosus) infection, respectively. Cys-
tic echinococcosis (CE) has a worldwide distribution,
while hepatic alveolar echinococcosis (AE) is endemic
in the Northern hemisphere, including North America
and several Asian and European countries, like France,
Germany and Austria. £ granulosus young cysts are
spherical, unilocular vesicles, consisting of an internal
germinal layer and an outer acellular layer. Cyst expan-
sion is associated with a host immune reaction and
the subsequent development of a fibrous layer, called
the pericyst; old cysts typically present internal septa-
tions and daughter cysts. £. multilocularis has a tumor-
like, infiltrative behavior, which is responsible for tissue
destruction and finally for liver failure. The liver is the
main site of HD involvement, for both alveolar and cys-
tic hydatidosis. HD is usually asymptomatic for a long
period of time, because cyst growth is commonly slow;
the most frequent symptoms are fatigue and abdominal
pain. Patients may also present jaundice, hepatomegaly
or anaphylaxis, due to cyst leakage or rupture. HD di-
agnosis is usually accomplished with the combined use
of ultrasonography and immunodiagnosis; furthermore,
the improvement of surgical techniques, the introduc-
tion of minimally invasive treatments [such as puncture,
aspiration, injection, re-aspiration (PAIR)] and more
effective drugs (such as benzoimidazoles) have deeply
changed life expectancy and quality of life of patients
with HD. The aim of this article is to provide an up-to-
date review of biological, diagnostic, clinical and thera-
peutic aspects of hepatic echinococcosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Echinococcosis or hydatid disease (HD) is a zoonosis caused
by the larval stages of taeniid cestodes belonging to the genus
Echinococens. Six species of Echinococeus are known, but only
four of them are responsible for human disease: Echino-
cocens granulosus (E. granulosus) (which causes cystic echino-
coccosis), Echinoccus multilocularis (E. multilocularis) (which
causes alveolar echinococcosis), E. vogeli and E. oligarthrus
(which cause polycystic echinococcosis). Recent studies
have identified two new species, E. felidis and E. shiguicus,
even if no data are available about their pathogenicity to
humans.

Hepatic alveolar and cystic echinococcosis are both
life-threatening diseases because of their medical and eco-
nomical impact and their wide geographical distribution.
Polycystic echinococcosis is, on the contrary, confined
to Central and South America and only few cases of this
condition have been reported in man'"7,

The liver is the major site of HD involvement (about
75% of cases) both in the alveolar and in the cystic
form". This review is focused on the biological, epide-
miological, clinical and therapeutic aspects of hepatic
echinococcosis, with particular reference to E. granulosus
cystic and E. multilocularis alveolar hydatidosis (Table 1).

HEPATIC ECHINOCOCCOSIS CAUSED BY
E. GRANULOSUS

Cystic echinococcosis (CE) occurs as the result of infec-
tion by the larval stages of E. granulosus. CE is the most
common form of HD, with a worldwide distribution, and
it can be regarded as an emerging or re-emerging disease
in several countries of the world.

E. granulosus: The parasite biology and life cycle
E. granulosus is a small tapeworm (length of 2-7 mm),
whose body is made up by a mean number of three
proglottids. There are ten distinct genetic types (G1-10)
within E. granulosus, with a different geographical distri-
bution, and these have been identified by molecular stud-
ies based on mitochondrial DNA sequencesl4’51: 2 sheep
strains (G1-G2), 2 bovid strains (G3 and G5), a horse
strain (G4), a camelid strain (GG6), a pig strain (G7), a cet-
vid strain (G8), a swine strain (G9) and a reindeer strain
(G10).

The parasite life cycle involves dogs and other canids
(coyotes, dingoes, red foxes) as definitive hosts and un-
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gulates (sheeps, pigs, goats, horses) as intermediate hosts.
Definitive hosts are infected by ingestion of offal con-
taining hydatid cysts; the adult worms reside in the canine
small bowel and their eggs or gravid proglottids are shed
in the feces. After oral uptake of eggs by intermediate
hosts, an oncosphere larva is released from the egg and
penetrates the intestinal lamina propria, reaching the
blood and lymph vessels which transport it to liver, lungs
and other organs, where oncosphere larvae can develop
into metacestodes (also known as hydatid cysts). Humans
can accidentally become “aberrant” intermediate hosts,
after ingestion of Echinococens eggs excreted by infected
carnivores.

Hydatid cysts ate spherical, fluid-filled, unilocular vesi-
cles, consisting of an internal cellular layer (germinal layer)
and an outer acellular, laminated layer. The parasite cysts
gradually expand and cause a granulomatous host reac-
tion, followed by the development of a fibrous tissue layer
(peticyst). Brood capsules and protoscolices bud from the
germinal membrane; with time, internal septations and
daughter cysts usually develop, modifying the unilocular
morphology that is typical of young hydatid cysts. When
definitive hosts ingest the cyst-containing organs of inter-
mediate herbivore hosts, the Ecbinococens life cycle can re-
start, as the protoscolices evaginate, attach to the intestinal

mucosa and develop to adult stage in 30-80 de,

Molecular crosstalk between human host and parasite
Several studies have focused on the mechanisms of host-
parasite interplay in CE.

The immune response to E. granulosus infection has
been investigated through both clinical studies on pa-
tients with hydatidosis and sheep and mouse experimen-
tal models". In the early stage of hydatid cyst develop-
ment, a cell-mediated response involving macrophages,
neutrophils and eosinophils is established”""; antibody
response is usually undetectable during the first weeks af-
ter infection, but IgE, IeG2 and IgG4 levels subsequently
significantly increase’®. Elevated levels of IgE for echi-
noccocal antigens are responsible for allergic reactions,
such as itching, urticaria and anaphylactic shock!?,

E. granulosus induces both TH1 and TH2 response:
clevated levels of TH1 cytokines, especially interferon-y
(IFN-1)™™] but also TH2 cytokines, such as I1.-4, IL.-5
and 1L-6, have been recorded in patients with HD®!,
The reason for this duplex cytokine secretion pattern
is not known: TH1 and TH2 responses usually down-
regulate each other, with a cross-inhibitory mechanism;
it is assumed that the complex antigenic organization of
FEchinococens may stimulate both T-cell subsets!. After
chemotherapy treatment, surgical removal or natural
death of a cyst, TH2 response quickly drops and TH1
response becomes predorninant“s].

The metacestode attempt to escape from the host
protective response involves complex and intriguing strat-
egies aimed at modulating host response and protecting
itself from elimination. Echinococcus tries, in fact, to mini-
mize host reaction by exposing several immunomodula-

1

tory molecules to its host'*, interfering with complement
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Cystic echinococcosis

Alveolar echinococcosis

Causative agent
Definitive hosts

Intermediate hosts

Geographic distribution
Worldwide incidence

Organ localization
Characteristics of hydatid lesions

Ungulates
Worldwide

(diameter: 1-15 cm)

Old cysts: internal septations, daughter cysts
Three-layered structure: germinal layer, laminated layer, pericyst
Concentric expansion
Surgery, PT (especially PAIR), chemotherapy

Type of growth in human organs
Therapeutic options

E. granulosus
Dogs and other canids (coyotes, dingoes, red foxes)

1-200/100 000
Mainly liver and lungs
Young cysts: spherical, fluid-filled, unilocular vesicles

E. multilocularis
Red foxes, arctic foxes, coyotes,
dogs and cats
Rodents
North America, northern and central Eurasia
0.03-1.2/100 000
Mainly liver
Alveolar-like pattern, with numerous vesicles (<
1 mm up to 15 cm in diameter) and surrounding
dense connective tissue, no cyst fluid, sometimes
central necrosis
Tumor-like, infiltrative behaviour
Surgery, chemotherapy, EPIs

PTs: Percutaneous treatments; PAIR: Puncture, aspiration, injection, re-aspiration; EPIs : Endoscopic percutaneous interventions.

activity!”, altering leukocyte function!

TN L)
lar mimicry .

or using molecu-

Epidemiology and infection risk

E. grannlosus has a wotrldwide distribution; the highest
prevalence is recorded in the Mediterranean countries,
Russia and China (in Sichuan Province human CE had
a prevalence of 2.1% in 1997-1998""). Other hyperen-
demic areas are North and East Africa (prevalence >
3%), South America and Australia™. CE infection has re-
emerged in certain parts of the world where it was once
believed to be controlled, including Israel, Central Asia
and Eastern Europe®”*, In Bulgaria the annual incidence
of CE in children has increased from 0.7 per 100 000 in
1971-1982 to 5.4 in 1995"™; in Kazakhstan the annual
surgical incidence of CE over the whole country was be-
low 1.4 per 100 000 inhabitants from 1988 until 1995 but
has increased to 5.9 in 2000,

CE is typically a rural and occupational disease, since
certain human activities, such as feeding dogs with the
viscera of slaughtered livestock, increase the risk of in-
fection. Humans acquire the parasite through fecal-oral
contact, generally by handling infected domestic dogs ot
egg-containing feces. Edhinococcus eggs adhere to the coat
of animals, especially to hairs around the anus and on the
muzzle and paws”. Eggs can also be ingested with con-
taminated water or vegetables; it is also possible that the
contamination of surfaces and foodstuffs with Echinococ-
cus eggs occurs via wind, flies, birds or beetles.

Some studies have evaluated several risk factors for
infection: Campos-Bueno ¢ al”” studied a Spanish cohort
of 127 CE infected patients, matched with 127 healthy
controls, associating an increased risk for CE with hav-
ing a higher number of dogs in the family and with dogs’
ease of access to raw viscera of slaughtered animals. In
Tibet a rise of infective risk was associated with nomadic
life, age, playing with dogs, not protecting food from flies
and raising yaks or sheep. Water wells were suspected to
be a source of infection in African arid lands, where ani-

mals and humans often share the same water points®”.
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Clinical aspects

After infection, humans are usually asymptomatic for a
long petiod of time, since cyst growth is usually slow; in
the liver the growth rate is variable, ranging from 1 mm
to 5 mm in diameter per year. Most primary infections
consist of a single cyst, but up to 20%-40% of infected
people have multiple cysts. Presenting symptoms depend
not only on the size and number of cysts, but also on
the mass effect within the organ and upon surrounding
structures. The signs and symptoms of liver hydatidosis
include hepatomegaly, right/epigastric pain, nausea and
vomiting, Cyst leakage or rupture may be responsible for
systemic immunological responses, causing anaphylaxis;
in one series, anaphylaxis complicated 10% of all intra-
peritoneal ruptures.

Cyst rupture in the peritoneal cavity may cause sec-
ondary CE, with the release of protoscolices and/or
small cysts, which can grow to larger cysts.

Portal vein or bile duct obstruction, caused by the ex-
panding cysts, may be responsible for segmental or lobar
liver atrophy in the cyst-bearing lobes.

Other complications are rupture in the biliary tree
with secondary cholangitism], biliary obstruction by
daughter cysts, portal hypertension, ascites, intracystic or
subphrenic abscess formation, development of a bron-
chobiliary fistula®"*. Hydatid cyst suppuration has been
reported as occurting in 5% to 40% of patients”™. Perfo-
ration in the biliary tree has been described in up to 90%
of HD™.

Diagnosis
Considering that the early stages of infection are usually
asymptomatic, the diagnosis of liver CE may often be
incidental, associated with an abdominal ultrasonography
performed for other clinical reasons. In endemic areas,
the presence of symptoms suggestive of CE in a person
with a history of exposure to sheepdogs supports the
suspicion of hydatidosis.

A non-invasive diagnosis of hepatic CE is usually ac-
complished with the combined use of radiologic imaging
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and immunodiagnostic techniques. Abdominal ultraso-
nography is considered the gold standard for defining the
number, site, dimensions and vitality of cysts®>>* and it
is also important to evaluate treatment options. A stan-
dardized ultrasonographic classification system for hepatic
cysts has been developed by the World Health Organiza-
tion (WHO)®, in order to update the older Gharbi clas-
sification””.

Ultrasonography is not always able to differentiate hyda-
tid cysts from other space-occupying lesions, like tumors
or liver abscesses, so that additional imaging techniques,
such as magnetic resonance imaging (MRI) and CT scans,
may be required. MRI should be preferred to CT, due to
better visualization of liquid areas within the matrix™
MRI is also important for pre-surgical evaluation of CE.

Immunodiagnosis is useful to confirm a radiologic di-
agnosis and can also be an important tool for the follow-
up after surgical or pharmacological treatment, even if
not all patients with CE have a detectable immune re-
sponsem’m. Serological test sensitivity is indeed inversely
related to the degree of sequestration of the echinococcal
antigens inside cysts; for instance, healthy, intact cysts can
elicit a minimally detectable response, whereas previously
ruptured or leaking cysts are associated with stronger im-
mune responses.

Almost all traditional immunodiagnostic methods (e.g;,
Casoni intradermal test, complement fixation test, indi-
rect hemagglutination test, indirect immunofluorescence
antibody test, immunoelectrophoresis and latex agglutina-
tion test) have now been replaced by the enzyme-linked
immunosorbent assay (ELISA) and/or immunoblot-
ringmj. In order to detect antibody response to parasite,
several hydatid antigens have been extracted and used for
serological diagnosis. Hydatid cyst fluid antigen B (AgB)
and antigen 5 (Agb) from E. granulosus are considered the
most specific native antigens for the immunodiagnosis
of CE™"* even though lack of sensitivity and specificity,
technique standardization and cross-reactivity with anti-
gens of other parasites’” " are major problems associated
with immunodiagnosis of CE.

In doubtful cases, for example undetectable anti-
Echinococcus antibodies in patients with small lesions re-
sembling hydatid cysts or in patients whose hepatic cysts
cannot be differentiated from liver abscess or neoplasms,
ultrasonography-guided fine needle puncture may repre-
sent an additional diagnostic option. The demonstration
of protoscolices or hydatid membranes or echinococcal
antigens/DNA in the aspirated cyst fluid can confirm,
in fact, the diagnosis of CE. Anthelmintic coverage is
important to minimize the risk of secondary CE: alben-
dazole should be recommended for 4 d before the pro-
cedure and should be continued for at least 1 mo after
having punctured a lesion recognized as an E. granulosus
cyst™*. Detection of parasite-specific IgE has no signif-
icant diagnostic advantages, even if eosinophilia is often
present after rupture/leakage of the cystm].

Treatment
The goals of hepatic hydatid cyst treatment are a com-
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plete elimination of the parasite and prevention of recur-
rence, minimizing mortality and morbidity risk. In order
to achieve these aims, it is essential to choose the most
appropriate treatment with regard to disease-specific
characteristics (cyst number, size, site, presence of cys-
tobiliary communication), to patient clinical conditions,
availability of an experienced surgeon or an intervention-
al radiologist.

Three therapeutic modalities are available to treat
hepatic CE: chemotherapy, surgery (with open or laparo-
scopic approach) and percutaneous treatments (PTs). A
stage-specific approach is recommended'”

Surgery: Until the 1980s, surgery was the only therapeutic
option for patients with CE. Sutgery is still the first choice
for large CE2-CE3b cysts with multiple daughter cysts or
for single superficial cysts, considering the likelihood of
spontaneous or traumatic rupture, when PT is not avail-
able. Presence of complicated cysts, e.g., infected cysts
or cysts communicating with the biliary tree, and cysts
exerting pressure on other vital organs, are other indica-
tions for surgical approach. Surgery is contraindicated in
patients whose preexisting medical conditions put them
at risk or in patients having inactive asymptomatic cysts
or multiple cysts which are difficult to access. If feasible,
surgical removal of hydatid cysts has the best chance to
completely remove cysts and to immediately cure CE.

Surgical options can be divided into radical (peri-
cystectomy) and conservative approaches (for instance
unroofing or capitonnage)[sow. Radical procedures are
associated with a lower risk of recurrence, but also with
a higher operative risk; conservative procedures, on the
contrary, are easier to perform but have a higher likeli-
hood of recurrence. Recurrence is usually due to either
inadequate cyst removal or to previously undetected
cysts; reported recurrence rates range from 2% to 25%"".

Whichever technique is used, a benzimidazole (BMZ)
agent is usually used to reduce the risk of anaphylaxis and
secondary CE®”, BMZ is administered from 1 d before
surgery to 1 mo after surgery but, again, no conclusive
data about the best timing are available. Major complica-
tions of surgery are postoperative hemorrhage, cholan-
gitis, sepsis and fistulae formation. Operative mortality
varies from 0.5% to 4%,

Percutaneous treatments: PTs of hepatic CE can aim at
the destruction of the germinal layer [puncture, aspiration,
injection, re-aspiration (PAIR)] or the evacuation of the en-
tire endocyst (“modified catheterization technique”).

PAIR is an acronym that stands for “puncture, aspira-
tion, injection, re-aspiration”. PAIR consists of four steps:
(1) percutaneous puncture of the cyst using ultrasound
guidance; (2) aspiration of the cyst fluid; (3) injection of a
protoscolicidal agent (e.g,, 95% ethanol or 20% NaCl) for
at least 15 min; and (4) re-aspiration of the fAuid”"™,

PAIR is indicated for CE1 and CE3a cysts > 5 cm!™™;
CE2 and CE3Db cysts treated by PAIR tend to relapse.
PAIR has also been used for patients who refused surgery
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or relapsed after surgical treatment. It is contraindicated
for inaccessible or superficially located liver cysts and
for inactive or calcified cystic lesions. The possibility of
secondary echinococcosis can be minimized by concur-
rent treatment with benzimidazoles; indeed, combined
treatment (PAIR plus albendazole) may yield better results
than those of either chemotherapy or PAIR alone™™,
The length of administration of chemotherapy with al-
bendazole usually ranges between 4 h before and 1 mo
after PAIR, in order to reduce the risk of disease recur-
rence and intraperitoneal seeding of infection. PAIR must
be avoided in patients with cystobiliary communications,
to prevent the risk of sclerosing cholangitis.

Chemotherapy: Mebendazole (MBZ) and albendazole
(ABZ) are the BMZ agents used for the treatment of he-
patic CE. They interfere with the absorption of glucose
through the wall of the parasite, causing glycogen deple-
tion and degenerative changes in echinococcal mitochon-
dria and endoplasmic reticulum. BMZ may be favorably
used alone for the treatment of small (< 5 cm) CE1-
CE3a liver cystsls()J or for inoperable patients; BMZs are
also usually associated with PAIR or surgery to prevent
secondary CE™. BMZs are not indicated for the treat-
ment of inactive or calcified asymptomatic cysts, unless
they are complicated lesions'™".

Both ABZ and MBZ are effective, but ABZ is con-
sidered the drug of choice, because it is more active 7%
vitro and it has a better gastrointestinal absorption and
bioavailability™®". The usual dose of orally-administered
ABZ is 10-15 mg/kg per day in two divided doses; if
MBZ, the daily dose is 40-50 mg/kg in three divided
doses. Treatment with BMZ should be administered con-
tinuously, for 3-6 mo!™.

Clinical and radiographic improvement (in most stud-
ies defined as > 25% reduction in cyst size, membrane
separation, or cyst calciﬁcation[()zl) is quite frequent and
is favorably influenced by the duration of treatment. Un-
fortunately, complete cure (i.e., cyst disappearance) only
occurs in approximately a third of patients treated with
BMZ alone and, interestingly, the number of patients
with cure does not significantly increase by extending the
duration of treatment™. A recent systematic review!!
has confirmed that the size and stage of cysts are the key
factors to evaluate the likelihood of response to chemo-
therapy.

Usual adverse effects include nausea, hepatotoxicity,
neutropenia and occasionally alopecia. Thus, all patients
should have regular monitoring of leukocyte counts and
liver function tests. Contraindications to chemotherapy
include pregnancy, chronic hepatic diseases and bone
marrow depression.

Praziquantel has been used (40 mg/kg once a week)
with ABZ for combined treatment of CE; this therapeutic
association seems to be more effective than ABZ alone!®”.

For uncomplicated CE4 and CE5 cysts a “watch and
wait” strategy is currently advised”.,
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HEPATIC ALVEOLAR ECHINOCOCCOSIS
CAUSED BY E. MULTILOCULARIS

Hepatic alveolar echinococcosis (AE) results from infec-
tion by the larval forms of E. multilocularis. The echino-
coccal metacestode develops in the liver and is character-
ized by an alveolar structure, made up by several vesicles
surrounded by large granulomas. Human AE is a severe
and emerging disease, whose prognosis is bleak in absence
of treatment or if it is not diagnosed at an eatly stage of
disease.

E. multilocularis: The parasite life cycle

E. multilocularis is a small cestode (1.2-4.5 mm), whose
definitive hosts are wild carnivores such as red fox and
arctic fox (sylvatic cycle) or domestic dogs and cats (syn-
anthropic cycle). The adult tapeworms, whose bodies
are characterized by a mean number of five proglottids,
reside in the small bowel of their definitive hosts, where
gravid proglottids release eggs which are passed in the
feces. Intermediate hosts, usually small rodents, or aber-
rant hosts such as humans, become infected by inges-
tion of embryonated eggs. Human infection can happen
through direct contact with the definitive host or it can
be indirect, through contamination of food or water with
parasite eggsw’“}. The echinococcal metacestode develops
in the liver and is characterized by an alveolar structure,
made up by several vesicles whose diameter varies from
<1 mm up to 15-20 cm™"*\. Each vesicle has a wall
structure similar to that of the E. granulosus cyst, consist-
ing of a germinal and a laminated layer®. Brood capsules
or protoscolices are only occasionally seen and lesions
may be complicated by central necrosis, producing a cav-
ity or pseudocyst after liquidization. Small cysts are sur-
rounded by a dense connective tissue and they usually do

. . . - J 6
not contain fluid but instead a semisolid matrix*.

Host-parasite interaction

E. multilocularis is able to elicit a strong cellular immune
response: in the liver, parasitic lesions appear to be sur-
rounded by large granulomas made up by macrophages,
T-lymphocytes and myofibroblasts”*”. Observations in
humans and experiments with rodents have shown that
cellular immunity, related to TH1 cytokine profile, has a
crucial role in host defense against the parasitem. 11.-12,
a key factor in the induction of THI1 profile, has been
shown to inhibit, in mice, the development of alveolar
lesions, leading to the formation of abortive parasitic
vesicles surrounded by fully efficient periparasitic im-
mune cell infiltration and fibrosis”". In mice treated with
IFN-y, a typical TH1 cytokine, a partial reduction in
larval growth has been observed”. In contrast, a TH2
cytokine profile has been associated with disease progres-
sion: high levels of IL-5 and IL-10 have been detected
in serum of patients with progressive disease, compared
with individuals with abortive forms™ ™. As in the case
of E. grannlosus, several mechanisms have been proposed
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to explain . multilocnlaris avoidance from host-protective

responses, including antigenic disguise”"], immunomodu-

7559 molecular mimicry[sﬂ, antigen and DNA poly-
82,83]

lation’
rnorphisrn[

Epidemiology and infection risk

Data on human AE are difficult to be evaluated due to its
low prevalence[zﬂ, which does not allow a reliable recogni-
tion of temporal developments or differences in spatial
distribution. The long asymptomatic period also makes
it difficult to determine time and place of infection™"
E. multilocularis is endemic in the Northern hemisphere,
including North America (Alaska, Canada), Asia (some
of the newly independent states of the former Soviet
Union™, China™ and Japan) and some European coun-
tries®” (mainly France, Switzerland, Austria, Germany)”"*.,
In endemic areas, annual incidence of AE ranges from 0.03
to 1.2/100 000 inhabitants™, Increasing fox population,
increased fox encroachment into urban areas and E. wu/-
tilocularis spillover from wild carnivores to domestic hosts,
are all factors that may explain E. multilocularis spreading
from endemic areas to previously non-endemic European
countries”™",

Considering the parasite life cycle, exposure of hu-
mans to echinococcal eggs may be influenced by occupa-
tional and behavioral factors. Hunters, trappers and per-
sons who work with fox fur should be more frequently
exposed to E. multilocularis eggs, but there is no evidence
that these groups are at increased risk”?,

Clinical aspects

Slow larval growth results in an asymptomatic phase of
several years (5-15 years). Initially, the liver, usually the
right lobe, is the organ where the metacestodes estab-
lish themselves; then, later in the infection, it is possible
to find blood metastasis to lung, brain, bones and local
extension of the lesion (abdomen, retroperitoneum, dia-
phragm)"®”. First symptoms are usually vague: patients
may complain of fatigue, weight loss or may have hepa-
tomegaly. One third of them have cholestatic jaundice;
one third present with abdominal pain154’66’93j. In advanced
stages, liver failure usually occurs and it is frequently asso-
ciated with portal hypertension, ascites and splenomegaly.
The prognosis in untreated or inadequately treated pa-
tients with AE is poor. Treatment has radically changed
average life expectancy at diagnosis from 3 years in the
1970s to 20 years in 2005,

Diagnosis

As for CE, AE diagnosis is based on clinical and epide-
miologic findings, imaging techniques, nucleic acid detec-
tion and serology.

Among the imaging techniques, ultrasonography is the
method of choice to identify hydatid lesions: ultrasound
(US) typical aspect shows a pseudotumoral mass, with ir-
regular limits and scattered calcification, where hypoecho-
genic and hyperechogenic areas are juxtaposed; central
necrosis may give to the mass the appearance of a cystic-
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like structure, surrounded by a hyperechogenic ring[gs’%].

Color doppler may be useful to evaluate biliary and vas-
cular infiltration. Abdominal CT gives further anatomical
details and information about the lesion pattern of calci-
fication', MR imaging is the best standard to study the
invasion of adjacent structures and may help in unclear
cases'”. Pre-surgical percutaneous cholangiography is im-
portant to assess the presence of communication between

P it is also funda-

the biliary tree and the alveolar lesions
mental to exclude extra-hepatic involvement, through pul-
monary and cerebral radiological examination."” Fluoro-
deoxyglucose positron emission tomography (FDG-
PET) scanning gives indirect information on the parasite
metabolic activity, especially if combined with MRI or CT
scan; if negative, this finding does not mean that the para-
site is not viable but that there is a suppressed petiparasitic
inflammatory activity”™.

WHO classification of AE is based on imaging find-
ings and it is useful to have an internationally recognized,
uniform standard for disease diagnosis and treatment
strategies. The WHO-IWGE PNM classification sys-
tem!™” is similar to tumor TNM classification: “P” refers
to the extent of parasite localization inside the liver, “N”
establishes the involvement of neighboring organs, “M”
evaluates the absence (MO) or presence (M1) of distant
metastasis, after having performed a chest X-ray and a
cerebral CT.

As in CE, immunodiagnosis has a complementary
role to other procedures, not only in primary diagnosis
but also for follow-up of patients after surgical treatment
or chemotherapy“U()’m1J and for the specific differential
diagnosis between AE and CE in those regions where
the discases are co-endemic!"">'"”. Immunodiagnosis
(with indirect hemoagglutination test or ELISA) is more
reliable for the diagnosis of AE than for CE, because
more specific antigens are available. For example, the
Em2plus-ELISA, which is a mixture of affinity purified
E. multilocularis metacestode antigens (EmZ2-antigen) and
a recombinant antigen (Em 1 /3-10), has shown a great
sensitivity and specificity ", but it is not able to discrimi-
nate between active and inactive lesions; in fact, Em2-
ELISA may be positive for years after spontaneous or
pharmacological-induced dying out of the metacestode
in patients with calcified lesions, because the Em2 an-
tigen main source is the laminated layer of the parasite
which obviously persists in these inactive lesions. Surgical
removal of the dried-out lesion results in an immediate
seroconversion to negative anti-Em2 antibodies"'",
Considering that the protoscolex is the most active com-
ponent of echinococcal tissues, protoscolex antigens
Em16 and Em18 have been isolated and used for im-
munoblot tests, in order to discriminate between active
and inactive lesions“m]; recombinant (r) Em18 appears
to be a promising immunodiagnostic tool for serological
differentiation between AE and CE""""™. Combining US
and serological data, it is possible to classify seropositive
patients into three groups: patients with active hepatic le-
sions, patients with calcified lesions and patients with no

April 7,2012 | Volume 18 | Issue 13 |



Nunnari G et a/. Hepatic echinococcosis

evidence of hepatic lesions””. The latter cases are a con-
sequence of immune system pressure, which can cause
larval degeneration and death, so that the only radiologi-
cal sign of the host-parasite interaction may be the US
finding of calcifications'"”.

Some studies have shown that patients with AE have
high levels of IgG1 and IgG4 antibodies and that after
treatment they usually become seronegative for IgG4 an-
tibodies'" """ IgG4 antibody reappearance can be con-
sidered a warning sign of disease reactivation.

Liver needle biopsy can be performed in uncertain
cases and it can confirm AE diagnosis if histopathological
examination identifies the presence of alveolar vesicles.
RT-PCR on liver specimens, obtained by biopsy or sur-
gery, has been used to assess parasite viability, while PCR
can detect E. multilocnlaris DNA. These tests have a good
positive predictive value, but a negative result does not
exclude parasite activity and parasite presence in the liver,
respectively“m.

Treatment

The key concept of AE treatment is to adopt a multidis-
ciplinary approach to disease. Surgery and chemotherapy
are the cornerstones of AE treatment and, as for CE, a
stage-specific approach is recommended"”,

Surgery: Surgery is the first-choice option in all operable
patients. Radical resection of the entire hepatic parasitic
lesions is the only curative procedure, even though it is
often difficult to achieve because of echinococcal dissemi-
nation into host tissues. Palliative liver sutgery is almost al-
ways contraindicated, because it does not offer advantages
when compared with conservative treatment' "', Pre-
operative evaluation is important to establish lesions full
resectability; WHO-IWGE PNM classification estimates
quite well the likelihood to achieve radical resection”,

Liver transplant (LT) has been employed in otherwise
" Indications for LT are the presence of
severe liver failure or recurrent life-threatening cholangitis
and the inability to perform a radical liver resection. The
absence of extra-hepatic AE localizations is mandatory
for LT

BMZ chemotherapy should be carried out for at least
2 years after surgery and patients should be monitored
for at least 10 years, because of the risk of recurrence:
in fact, unrecognized or invisible parasites can re-grow,
even after some years, especially in post-L'T immunosup-
pressed patients' .,

terminal cases

Chemotherapy: Inoperable AE patients should receive
continuous BMZ treatment for life; moreover, long-term
BMZ administration (at least 2 years) is mandatory after
surgical treatment. Pre-surgical BMZ therapy is advised
only in the case of LT. ABZ is given orally at a dosage
of 10-15 mg/kg per day, in two divided doses; if it is
not tolerated, MBZ may be given at daily doses of 40-50
mg/kg per day, split into three divided doses with fat-rich
meals™”. Conventional and liposomal amphotericin B has
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been used in patients who did not tolerate BMZ" In a
recent study nitazoxanide has not shown any efficacy for
AE treatment "\

Therapy with BMZ has resulted in an increased 10-year
survival rate of approximately 80% (6%-25% in un-
treated historical controls)[m]. BMZs are parasitostatic,
not parasiticidal: after several years of BMZ treatment, in
the absence of progression of AE lesions, it is possible
to discuss whether treatment should be continued or not.
Decision-making should be supported by the evaluation
of parasite viability, usually by PET-CT™, and serum
specific antibodies"""'". These tools may also be useful
for the follow-up after BMZ withdrawal.

All AE patients should be monitored by US at fre-
quent intervals and CT and/or MRI at intervals of 2-3
years, to evaluate disease recurrence or progressionm].

Endoscopic percutaneous interventions: Intervention-
al procedures may be considered in inoperable patients
in the presence of complications such as liver abscesses,
jaundice due to biliary duct obstruction, portal vein
thrombosis or bleeding esophageal varices associated with
portal hypertension[%]. EPIs with BMZ avoid palliative
surgery and may improve the patient life expectancy and

quality of life.

CONCLUSION

Liver echinococcosis is a severe, neglected, often misdiag-
nosed disease; both AE and CE may be considered emerg-
ing public health problems, since CE is endemic in several
countries in the world and AE is one of the most lethal
helminthic diseases.

The last years have been characterized by significant
advances in the knowledge of Echinococcus biology and
interaction with the immune system; the development of
morte specific and sensitive immunological tests and the
introduction of PCR for detection of parasite nucleic
acid have increased the range of diagnostic tools. Fur-
thermore, the improvement in surgical techniques, the
introduction of effective drugs (e.g., BMZ) and minimally
invasive treatments (e.g, PAIR) have deeply changed the
life expectancy and quality of life of patients with HD.

Despite diagnostic and therapeutic progress, many
unresolved problems are still waiting for a solution; for
instance, there is a need for prevention programs able to
monitor and control parasite spreading. Additionally, ran-
domized, controlled trials comparing different therapeu-
tic options, especially for CE, are urgently required, in or-
der to provide new evidence to guide treatment decision-

making,
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