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Abstract: Hepatic echinococcosis is a parasitic, infectious disease with a high incidence in
pastoral areas. It is highly infectious with a poor prognosis in some cases, which seriously
affects the quality of life for people living in pastoral areas. This study aims to discuss the
radiological characteristics, including computed tomography (CT) and magnetic resonance
imaging (MRI), of hepatic echinococcosis from its definition, transmission, and pathological
physiology. The characteristics of CT and MRI manifestations of cystic echinococcosis and
alveolar echinococcosis are summarized in this study. It might help doctors to investigate this
disease further and accurately make a diagnosis.
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Introduction
Echinococcosis is a severe zoonotic parasitic disease caused by larval forms of
Echinococcus in animals and humans.' The most common species encountered in
humans are the Echinococcus granulosus, which causes cystic echinococcosis (CE),
and the Echinococcus multilocularis, which causes alveolar echinococcosis (AE).?
Echinococcus granulosus is responsible for 95% of the human hydatid cases
reported.” Although echinococcosis may involve any tissues or organs in the
human body, the liver (50-77%), lungs (15-47%), spleen (0.5-8%), and kidneys
(2-4%) are the most commonly involved.'

The disease continues to be a major public health issue in many regions of the
world where agriculture and stockbreeding are primary sources of income.”> With
increased globalization and human immigration, this regional disease may be wide-
spread in certain places. In China, the parasitic disease survey suggests that patients
with echinococcosis have been found in 23 provinces and autonomous regions,
indicating that the distribution of echinococcosis is no longer limited to these
northwestern pastoral areas (see Figure 1).

The prevalent population has a history of contact with nomadic infected areas,
and the eggs excreted in the feces of the definitive host after being infected by the
genus Echinococcus can be spread via animal activities, dust, wind, water, and
other media. The eggs of Echinococcus are extremely resistant to low temperatures,
dehydration, and chemicals, which is why echinococcosis is difficult to treat.*

This study aims to discuss the radiological characteristics, including computer
tomography (CT) and magnetic resonance imaging (MRI), of hepatic echinococco-
sis from its definition, transmission,

and pathological physiology. The
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Figure | The epidemiological distribution of cystic and vesicular cysticercosis in China.

characteristics of CT and MRI manifestations of cystic
echinococcosis and alveolar echinococcosis are summar-
ized in this study. It might help doctors to investigate this
disease further and accurately make a diagnosis.

The Pathogens of Echinococcosis
CE is the most common form and is caused by
Echinococcus granulosus.

AE is considered the most dangerous parasitic disease
and is caused by Echinococcus multilocularis (larvae). It is
also known as the “worm cancer.”

The Source of Infection and Route of

Transmission for Echinococcosis

In the biological life cycle of echinococcosis, carnivores are
the definitive hosts while herbivores are the intermediary
hosts.> Echinococcosis can be transmitted by dogs, wolves,
foxes, jackals, etc. However, it is rare for wild animals to be
a source of infection, and dogs are the main source of
infection.” In the endemic areas, sheep and cattle often
have echinococcosis, and residents often feed their dogs
with the offal of sheep and other livestock, allowing these
dogs the opportunity to ingest Echinococcus. The number of
intestinal parasites can be in the hundreds or thousands after
infection. The gravid proglottids are mobile and can attach to

the dog’s fur, and in some cases, they may cause itching in
the anus when excreted. When the dog licks and bites, the
proglottids are crushed, and the eggs in the feces can then
contaminate the fur of the whole body. In the case of close
contact with these dogs, humans are easily infected.
Transmission can be direct or indirect. Direct infection
occurs through close contact with a dog when the eggs
transfer from the dog’s fur to the hand and subsequently the
mouth of the human. Indirect infection is caused by the
contamination of food or water with eggs from the dog’s
feces, especially when humans and animals drink from the
same water source. In dry and windy areas, eggs in the soil
can be carried by the wind, leading to the possibility of
secondary infection via the respiratory tract.®

Clinical Meanings for Echinococcosis
Hepatic echinococcosis (HE) accounts for approximately
70-80% of the total incidence of human cysticercosis,
with CE being the most common, accounting for approxi-
mately 97% of this total. AE is extremely harmful, with
the 10-year mortality rate as high as 95% after onset.” The
liver is the most suitable organ for Echinococcus, and
more than 70% of CE occurs in the liver, but it can involve
multiple organs simultaneously. In AE cases, 100% are
first found in the liver, and distant metastases can occur at
an early stage.'
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The definitive diagnosis of echinococcosis is based on
imaging and serology, with ultrasound, which is radiation-
free and less expensive than other imaging technologies,
being the easiest method. In many parts of the world,
portable ultrasound instruments are adopted as the primary
screening tool. CT and MRI are popular in various regions,
including some remote county hospitals in Tibetan areas
that are equipped with MRI instruments. Characteristic
manifestations of HE exist on CT and MRI, and these
are increasingly being used in screening.®

CE (Echinococcus granulosus)

Epidemiological Investigations
1. The definitive hosts: carnivores, such as dogs, wolves,
and jackals.

2. The intermediate hosts: even-toed ungulates, such as
sheep, cattle, camels, pigs, and deer, and occasionally,
horses, kangaroos, some rodents, primates, and humans.

3. It is primarily transmitted via the sheep—dog and
yak—dog chain and is most commonly found on the plateau
in the northwestern pastoral regions.

4. Human infection is mainly through the ingestion of
water, vegetables, or other food contaminated with the
eggs of Echinococcus.

Pathological Features: Cyst

The early stage: The cyst is divided into an inner and outer
layer with a characteristic double-walled structure. The
inner layer is the intact parasite capsule membrane (the
inner capsule). The outer layer refers to the reactive layer
of compressed host tissue (the external capsule).

The degenerative stage: The cyst ruptures and col-
lapses, and the inner capsule separates from the external
capsule, with characteristic ribbon sign changes.

The middle and late stage: The cystic fluid is absorbed,
and caseous changes and calcification of the cystic wall or
cystic contents may occur.

All Echinococcus cysts are at risk of rupture, which is
classified as a complication of CE and depends on factors
such as age, chemical reaction, body defense mechanisms,
the size and number of Echinococcus cysts, and the site of
occurrence.’

Image Typing

1. The simple cystic type: The typical double-layered struc-
ture of the cyst wall is visible, suggesting that the infection is
in a biologically active phase (the early stage) at this time.

2. The multi-daughter cystic type: Echinococcus exhi-
bits a strong regenerative capacity and biological activity,
with imaging characteristics of multiple cysts (including
daughter and granddaughter cysts).

3. The inner capsule detached type: Echinococcus exhi-
bits degeneration and reduced biological activity, with
shrinkage of the inner capsule and partial or complete
detachment from the external capsule.

4. The solid calcification type: Echinococcus exhibits
a gradual loss of activity and stability, with absorption and
disappearance of the cystic fluid and partial or complete
calcification.

5. The mixed type: This type is most often visible in
different stages of infection or postoperative recurrence,
with rupture of the cyst wall, co-infection, or calcification.

Characteristic Imaging Manifestations

CE is surrounded by an intact parasitic cystic membrane
(the inner capsule) and a reactive layer of compressed host
tissue (the external capsule). The cyst membrane produces
cystic fluid, which expands the lesion distinctively in the
periphery, and the
a multilocular character. The increased density of cystic

daughter cysts give the cysts
fluid and calcification of the cyst wall/contents will occur
in cases of cystic degeneration. When the inner capsule is
detached from the external capsule, various signs of cap-
sule detachment can appear (the floating band and the
water lily sign). When the cyst ruptures, the cystic fluid
and contents will leak into the bile duct or peritoneal
cavity, causing implantation or metastasis (see Figure 2).

Imaging Diagnostic Criteria
The basic sign: The cyst.

Characteristic manifestations: (1) the cystic wall and
calcification, (2) the daughter cyst sign, and (3) the cystic
membrane detachment sign.

These diagnostic criteria need to be combined with
a contact history in the endemic area and serological
examination of echinococcosis.

Case 1 (see Figure 3): CE of the simple cystic type:
A 31-year-old Tibetan female with a history of pastoral
living, epigastric fullness, poor appetite, and weight loss.
A single giant echinococcosis cyst is seen in the liver.

Case 2 (see Figure 4): CE of the multi-daughter cystic
type: A 27-year-old Tibetan female with a history of
pastoral living, weight loss, and a full abdomen. Multi-
daughter cysts are visible inside the big cyst.

Infection and Drug Resistance 2021:14
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Figure 2 The pathological changes in cystic echinococcosis: When the course of echinococcosis was long, the external capsule of the Echinococcus often became thick and
rough with calcium salt deposits or even completely calcified. The Echinococcus had mostly decayed and necrosed, with purulent cystic fluid. When the Echinococcus gradually
degenerated with the absorption of the cystic fluid, the inner cyst wall folded and shrank, and the necrosis dissolved with caseous changes.

Figure 3 Cystic echinococcosis—the simple cystic type.
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Figure 4 Cystic echinococcosis—the multi-daughter cystic type.

Case 3 (see Figure 5): CE of the detached inner capsule
type: The inner capsule is collapsed and detached and is
folded into a floating band sign.

Case 4 (see Figure 6): Postoperative recurrence of
CE (rupture combined with infection): A 35-year-old
Tibetan male with atrophy of the echinococcosis cyst,
thickening of the cystic wall, and multiple gas

shadows.

AE (Echinococcus multilocularis)

Epidemiological Investigations
1. The definitive hosts: primarily foxes, but can also be
dogs with complicated infections.’

2. The intermediate hosts: rodents or insectivores.

3. Since humans are not suitable intermediate hosts,
when humans are infected, the capsules contain only jelly

and no proto cercaria.

Figure 5 Cystic echinococcosis—the inner capsule detached type.

Figure 6 Cystic echinococcosis—postoperative recurrence, rupture, combined with infection.
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4. The endemic area is relatively small, mostly restricted
to the areas where wild foxes and rodents are common.

5. It is very destructive to the human body, with 100%
of cases affecting the liver and causing serious injury to
hepatic functioning.

Pathological Features: Solid Mass

1. External bud proliferation of the larvae, with thousands
of small alveolar larvae gathering into nodules, and infil-
tration of the surrounding tissues without restriction.

2. The enlargement of nodular lesions, fusing into
irregular masses that are as hard as rubber and do not
hemorrhage on cutting.

3. The internal necrosis and liquefaction of the lesion
to form an effusion or cavity and a mass with multiple
calcifications.

Biological Characteristics

The proliferation process of the larvae forms an infiltration
zone, and three types of lesions, fibrosis, calcification, and
liquefaction/cavitation, occur successively and coexist
simultaneously as the lesion progresses.

Imaging Diagnostic Criteria
The basic sign: a heterogeneous parenchymal mass with-
out enhancement.

Characteristic manifestations: small alveolar, calcifica-
tion, and central liquefaction necrosis/cavity.

Important signs: The affected hepatic segment is
reduced in size and contracted and depressed at the
edges, while the normal hepatic segment compensates
and is enlarged.

Stages of AE

The early stage: The lesions are limited to two hepatic
segments.

The middle stage: The lesions exceed two hepatic
segments.

The late stage: Complications of obstructive jaundice,
portal hypertension, and multiple metastases occur.

Characteristic Imaging Manifestations
The calcification sign: Punctate calcification particles
appear inside the lesion, with flocculate or irregularly
large calcification foci.

The annual ring sign: The larvae proliferate on the
periphery to form an infiltration zone, and calcium salt

deposits appear in senescence and degeneration to form
a layered calcification zone. Both the proliferative and
degenerative pathological processes evolve and repeatedly
expand, resulting in multilayered changes that resemble
the appearance of an annual ring.

The internal trapping sign: As the length of time of
infection increases, the larvae gradually decay, the
necrotic area of the lesion becomes fibrotic, and the
granular calcifications gradually fuse into large lamel-
lar calcifications. Therefore, the exterior surface of the
lesion appears contracted and depressed.

The cavity sign: The larvae proliferate into giant
lesions with internal solidification, vascular occlusion,
localized ischemic necrosis, and liquefaction into
a jelly-like form with irregular location and morphol-
ogy or with the appearance of crab-claw-like liquefied
cavities.

The cave sign: On CT scanning, a low-density fluid
cavity, which varies in size and shape and is surrounded by
a calcified wall, appears within a high-density calcified
lesion, forming a cave-like change.

The peninsula sign: In the case of a localized calcified
mass in the cavity wall that protrudes into the cavity,
a peninsula-like change is visible.

The vesicle sign: When the larvae persistently repro-
duce and infiltrate the surrounding hepatic tissues, small,
honeycomb cyst-like structures, which represent strong
biological activity, are visible.

The map sign: The cavity wall is bordered with hyper-
trophic fibrous tissue and is surrounded by bands of infil-
tration and calcification, resembling a map.

CT: A low-density infiltration zone is visible at the
edge of the mass, coexisting with calcified deposits of
irregular masses at the inner edge, and irregular cavities
are mostly visible inside the mass.

MRI: The infiltration zone manifests as a low-signal
irregular mass on T1- and T2-weighted images, and the
inner edge of the fibrous zone manifests as a slightly
hyperdense signal with localized invagination forming
a peninsula sign and internal necrosis and liquefaction
forming a fluid retention cavity.

The characteristic image is the infiltration zone around
the mass, suggesting that the larvae are still living and
proliferating, infiltrating the surrounding hepatic tissues,
forming the halo sign, and spreading to the surrounding

hepatic tissue in a crab-claw pattern.
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Nine CT- or MRI-Specific Image

Manifestations

The halo, vesicle, calcification signs, the annual ring,
internal trapping and cavity signs, the cave, peninsula,
and map signs.

The diagnosis can be confirmed by any one of these
signs, and the definitive diagnosis rate by imaging is 97%
preoperatively.'°

Case 5 (see Figure 7): AE with the annual ring sign.
6 (see AE (CT
A marginal, hypodense infiltration zone is observed,

Case Figure 8): imaging):

coexisting with both calcified deposits with irregular

masses at the inner margin and a cavity (see
Figure 8A). AE (MRI): The infiltration zone manifests
as a hypodense irregular mass on T1- and T2-weighted
images and the inner edge of the fibrous zone mani-
fests as slightly hyperdense and locally invaginated to
form a peninsula sign, with internal necrosis and
liquefaction forming a fluid retention cavity (see
Figures 8B and C with enhancement).

Case 7 (see Figure 9): AE with the infiltration zone
(vesicle sign) visible at the edge of the lesion, an

irregular cavity inside the lesion, forming a map and

a peninsula sign, and irregular calcifications.

Figure 7 Alveolar echinococcosis—the annual ring sign.

Figure 8 Alveolar echinococcosis—the CT and MRI manifestations. (A) CT imaging: A marginal, hypodense infiltration zone is observed, coexisting with both calcified
deposits with irregular masses at the inner margin and a cavity. (B and C) MRI: The infiltration zone manifests as a hypodense irregular mass on T |- and T2-weighted images
and the inner edge of the fibrous zone manifests as slightly hyperdense and locally invaginated to form a peninsula sign, with internal necrosis and liquefaction forming a fluid

retention cavity.
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Figure 9 Alveolar echinococcosis—the vesicle sign and peninsula sign.

Figure 10 Alveolar echinococcosis—with multiple typical signs.
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Case 8 (see Figure 10): AE with multiple typical signs.

Summary
The Images of CE and AE Have
Characteristic Lesions, and the Main

Points of Differentiation are as Follows
The characteristic signs of CE: smooth and neat edges and
clear and sharp demarcation, similar to the appearance of
an orange.

1. The cystic wall: thick wall, double-wall, and egg-
shell signs.

2. The daughter cysts: cyst-in-cyst grape, honeycomb,
and wheel signs.

3. The rupture of the cyst: sky screen, folding, water
snake, streamer, gyri, and consolidation signs.

The characteristic signs of AE: infiltrative growth with
indistinct borders, resembling a cactus.

1. The infiltrative proliferation: vesicle, halo zone, and
annual ring signs.

2. The fibrous calcification: consolidation, invagina-
tion, and granular/large calcification signs.

3. The liquefaction cavity: cave, peninsula, and map
signs.
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