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Echinococcus spp. are cestode parasites commonly known as small
tapeworms of carnivorous animals. Their medical importance lies in
the infection of humans by the larval stage of the parasites, predomi-
nantly including two species:
Echinococcus granulosus, which is the causative agent of cystic
hydatid disease (or cystic echinococcosis, CE); and
Echinococcus multilocularis, which causes alveolar echinococcosis,
AE.12
Two other species, namely Echinococcus vogeli and Echinococcus
oligarthrus, are extremely rarely found in humans and will therefore
not be covered in this chapter.

EPIDEMIOLOGY

Echinococcus granulosus

Echinococcus granulosus lives as a small intestinal tapeworm of dogs
and occasionally other carnivores. The shedding of gravid proglot-
tids or eggs in the feces occurs within 4-6 weeks after infection of
the definitive host (Fig. 169.1). Ingestion of eggs by intermediate
host animals or humans results in the release of an oncosphere into
the gastrointestinal tract, which then migrates to primary target
organs such as liver and lungs, and less frequently to other organs
(Fig. 169.2). Usually the fully mature metacestode (i.e. hydatid cyst)
develops within several months or years.

Infections with E. granulosus occur worldwide, predominantly in
countries of South and Central America, the European and African
part of the Mediterranean area, the Middle East and some sub-
Saharan countries, Russia and China. The annual incidence rates of
diagnosed human cases/100,000 inhabitants vary widely, for example
13 in Greece, 143 in some provinces of Argentina, 197 in the Hinjang
province of China and 220 in the Turkana district of Kenya. Most
cases observed in Europe and the USA are associated with immi-
grants from highly endemic areas. Various strains of E. granulosus
have been described, and differ especially in their infectivity for
intermediate hosts such as humans. The most important strains for
human infection include sheep and cattle as intermediate host.

Echinococcus multilocularis

The natural life cycle of E. multilocularis involves predominantly red
and arctic foxes as definitive hosts (Fig. 169.3), but domestic dogs or
house cats can also become infected and represent an important
infection source for humans in highly endemic areas.® In the
definitive host, egg production starts as early as 28 days after infec-
tion. After egg ingestion by a rodent or a human, larval maturation
will occur within the liver tissue in more than 98% of the cases (see
Fig. 169.2); subsequent metastases may occur in adjacent or distant
tissues. Proliferation occurs by exogenous budding of metacestode
tissue with a progressive tumor-like growth.

The geographic distribution of E. multilocularis is restricted to the
northern hemisphere. In North America, the cestode is present in the
subarctic regions of Alaska and Canada. The parasite has been discov-
ered in its wildlife cycle in several other states, therefore indicating an

apparent expansion of distribution within the north-central American
continent.

In Europe, relatively frequent reports of alveolar echinococcosis
(AE) in humans occur in central and eastern France, Switzerland,
Austria and Germany. The Asian areas where E. multilocularis occurs
include the whole zone of tundra, from the White Sea eastwards to
the Bering Strait, covering large parts of the Soviet Union, China and
northern Japan.

Worldwide there are scant data on the overall prevalence of human
AE. Some well-documented studies demonstrate a generally low
prevalence among affected human populations. The annual mean inci-
dence of new cases in different areas including Switzerland, France,
Germany and Japan has therefore been reported to vary between 0.1
and 1.2/100,000 inhabitants.t?

PATHOGENESIS AND PATHOLOGY

Echinococcus granulosus

Cystic echinococcosis (cystic hydatid disease) is clinically related to
the presence of one or more well-delineated spherical primary cysts,
most frequently formed in the liver, and then in the lungs and other
organs such as kidney, spleen, brain, heart and bone (see Fig. 169.2).
Tissue damage and organ dysfunction result mainly from this gradual
process of space-occupying displacement of vital host tissue, vessels
or parts of organs. Consequently, clinical manifestations are primarily
determined by the site, size and number of the cysts, and are there-
fore highly variable. Accidental rupture of the cysts can be followed
by a massive release of cyst fluid and hematogenous or other dissemi-
nation of protoscolices. Occasionally this results in anaphylactic reac-
tions and multiple secondary cystic echinococcosis (as protoscolices
can develop into secondary cysts within the intermediate host).

The histology of a typical hydatid cyst demonstrates the germinal
layer as the primary site of parasite development (see Fig. 169.1). It is
surrounded by a parasite-derived thick laminated layer, which is rich
in aminocarbohydrates, as shown by periodic acid-Schiff positivity.
The germinal layer forms protoscolices and brood capsules within the
cyst lumen. Granulae, calcareous corpuscules and occasionally free
daughter cysts are often observed. The parasite evokes an immune
response, which is involved in the formation of a host-derived adven-
titious capsule. This often calcifies uniquely in the periphery of the
cyst, one of the typical features found in imaging procedures. In the
liver there may be cholestasis. Commonly there is pressure atrophy of
the surrounding parenchyma. Immunologically, the coexistence of
elevated quantities of IFN- , IL-4, IL-5, IL-6 and IL-10 observed in
most of hydatid patients supports Th1l and Th2 cell activation in CE.
In particular, Thl cell activation seemed to be more related to protec-
tive immunity, whereas Th2 cell activation was related to susceptibil-
ity to disease.*

Echinococcus multilocularis
In infected humans the E. multilocularis metacestode (larva) devel-
ops primarily in the liver (see Fig. 169.2). Occasionally, secondary
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LIFE CYCLE OF ECHINOCOCCUS GRANULOSUS

Fig. 169.1 Life cycle of Echinococcus granulosus. Adult tapeworms parasitize the small intestine of definitive hosts, mainly dogs (1). Parasite proglottids
and eggs are shed with the feces (2), such eggs being infectious for intermediate hosts including humans (3). Hydatid cyst formation occurs
predominantly in the liver (4), but also in lungs and other organs. Imaging techniques such as CT (5) demonstrate well-delineated, fluid-filled, usually
unilocular bladder-like lesions. Internal daughter cysts may be visible in larger cysts as septated segments within the primary cyst. Histologically, the cyst
by itself consists of a very thin inner germinal and nucleated layer with a predominantly syncytial structure (6). The germinal layer is externally protected
by an acellular laminated layer of variable thickness. The endogenous formation of brood capsules and protoscolices is a prerequisite for completion of the
life cycle (6), which occurs when definitive hosts ingest protoscolex-containing hydatid cysts.

lesions form metastases in the lungs, brain and other organs. The
typical lesion appears macroscopically as a dispersed mass of fibrous
tissue with a conglomerate of scattered cavities with diameters
ranging from a few millimeters to centimeters in size. In advanced
chronic cases, a central necrotic cavity containing a viscous fluid may
form, and rarely there is a bacterial superinfection. The lesion often
contains focal zones of calcification typically within the metacestode
tissue.

Histologically, the hepatic lesion is characterized by a conglomer-
ate of small vesicles and cysts demarcated by a thin laminated layer
with or without an inner germinative layer (see Fig. 169.3). Parasite
proliferation is usually accompanied by a granulomatous host reac-
tion, including vigorous synthesis of fibrous and germinative tissue in
the periphery of the metacestode, but also necrotic changes centrally.
In contrast to lesions in susceptible rodent hosts, lesions from
infected human patients rarely show protoscolex formation within
vesicles and cysts.

Genetic and immunologic host factors are responsible for the
resistance shown by some patients in whom there is an early ‘dying
out’ or ‘abortion’ of the metacestode.> Therefore, not everyone
infected with E. multilocularis is susceptible t unlimited metacestode
proliferation and develops symptoms 5-15 years after infection.23
The host mechanisms modulating the course of infection are most

likely of an immunological nature, including primarily T cell interac-
tions. Thus, the periparasitic granuloma, mainly composed of
macrophages, myofibroblasts and T lymphocytes, contains a large
number of CD4 T lymphocytes in patients with abortive or died-out
lesions, whereas in patients with active metacestodes the number of
CD8 T lymphocytes is increased. An immunosuppressive process is
assumed to downregulate the lymphoid macrophage system.
Conversely, the status of cured AE is generally reflected by a high in
vitro lymphoproliferative response. The cytokine mRNA levels fol-
lowing E. multilocularis antigen stimulation of lymphocytes show an
enhanced production of Th2-cell cytokine transcripts IL-3, IL-4 and
IL-10 in patients, including a significant IL-5 mRNA expression in
patients and not in healthy control donors.® The phenomenon of
immunological or constitutional resistance may be dependent upon a
potential immunogenetic predisposition with a potential of a HLA-
DR type association.”8 Conversely, lack of Th cell activity such as in
advanced AIDS is associated with a rapid and unlimited growth and
dissemination of the parasite in AE.°

PREVENTION

Prevention of both CE and AE focuses primarily on veterinary inter-
ventions to control the extent and intensity of infection in definitive




PRIMARY SITES OF METACESTODE DEVELOPMENT IN HUMANS

Organ localization of
Echinococcus granulosus cysts

Organ localization of
Echinococcus multilocularis metacestodes

Fig. 169.2 Primary sites of metacestode
development in humans. Organ distribution of
the primary sites of metacestode development for
Echinococcus granulosus (cystic echinococcosis) and
Echinococcus multilocularis (alveolar echinococcosis)
in human disease.

Brain:<2%

Heart/thorax:
2%
Lungs: 20%

i . 0,
Liver: 62% Spleen: 6%

G 5 Kidney: 2%

Bones/
muscles:
4%

Liver: 98%

Others: 2%

host populations, which may indirectly be approached by controlling
the prevalence in animal intermediate hosts also. The first includes
regular pharmacologic treatment and taking sanitary precautions for
handling pets or meat to prevent infection and egg excretion.'® For
the second, a vaccine for ruminant intermediate hosts is in evalua-
tion.*! Prevention of human infection is strategically very difficult.

CLINICAL FEATURES

The initial phase of primary infection is always asymptomatic.
The infection may then remain asymptomatic for years or even
decades depending upon the size and site of the developing cyst or
metacestode mass. After a highly variable incubation period, the
infection may become symptomatic due to a range of different
events.

Cystic echinococcosis

Dependent upon the size and the site of the developing hydatid cyst,

the infection can remain asymptomatic for months, years or even

longer. After a highly variable incubation period, the infestation may

become symptomatic due to a range of different events.
The growing cyst exerts pressure on or induces dysformation of
adjacent tissues, thus inducing dysfunction of the affected organ
or vascular compromise. In the case of hepatic CE, signs and
symptoms may include hepatomegaly with or without a palpable
mass in the right upper quadrant, right epigastric pain, nausea,
vomiting and occasionally cholestatic jaundice. In inoperable
cases, hepatic compromise may lead to biliary cirrhosis and the
Budd-Chiari syndrome.

Infestation of the lungs may present with chronic cough,
hemoptysis, bilioptysis, pneumothorax, pleuritis, lung abscess
and parasitic lung embolism.

Rare but often catastrophic infestations can affect the heart or
the brain. In the heart this can present as tumor, pericardial effu-
sion up to tamponade, complete heart block and sudden death.

In the spine and brain presentation is as a tumor with the respec-
tive neurologic symptoms. Hydatid disease should be considered
as a cause of stroke in young patients.
A cyst may rupture and spill its content into the adjacent site.
Rupture into the biliary tree will mimic biliary colic or result in
cholestatic jaundice and cholangitis or pancreatitis. This is the
presenting symptom in 5-25% of patients. Ruptures in the liver
but also in the lungs and other organs may result in acute ana-
phylactic shock reactions which usually represent the initial and
life-threatening manifestation.
The cyst can become superinfected; in hepatic hydatid disease
this occurs in about 9% of patients and is an indication for rapid
surgical intervention.12
The majority of patients with CE have single organ involvement with
solitary cysts. Simultaneous involvement of two or more organs is
observed in 10-15% of patients, dependent on the geographical
origin of the patient and the strain of the parasite. In hepatic CE, the
right lobe is more frequently affected than the left lobe. Cyst size
varies usually between 1 and 15cm in diameter. Cyst growth ranges
between a size increase of a few mm (1/3 of the patients) to approxi-
mately 10mm (most of the patients); 1/10 of the patients exhibit a
rapid increase with an annual average of 30mm. In Europe, the
average age of patients at diagnosis is 36 years. Approximately 10% of
the CE cases occur in children, and the rate of lung affection is
significantly increased among this group of young patients. Pulmonary
cysts occasionally become superinfected and this is best detected by
CT scanning. The ratio of males to females may vary dependent on
the geographical area but is statistically not significant overall.

Hepatic alveolar echinococcosis

In patients with hepatic AE, the size of the liver lesion will range
between a few mm up to 50cm or more when patients present for
diagnosis and initial treatment.? Typical calcifications occur in 70% of
cases and central or peripheral necrotic cavities are also found in
approximately 70% of cases. Clinical signs at diagnosis include
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LIFE CYCLE OF ECHINOCOCCUS MULTILOCULARIS

Fig. 169.3 Life cycle of Echinococcus multilocularis. This involves predominantly foxes as definitive hosts (1) and occasionally other carnivores such as
domestic dogs or house cats. Egg production by the tapeworm starts as early as 28 days after infection (2). Eggs have to become ingested by a suitable
intermediate host (3), including humans and various rodent species (4). As a result, the parasite metacestode primarily becomes established in the liver.
Macroscopically, the typical lesion is characterized by a dispersed mass of fibrous tissue with a multitude of interconnected vesicles ranging from a few
millimeters to centimeters in size (5). The lesion often contains focal necrotic zones with scattered calcifications, as demonstrated by CT (6). Histologically,
the hepatic lesion consists of a conglomerate of small vesicles and cysts demarcated by a thin laminated layer with or without an inner germinal layer and,
predominantly in the rodent intermediate host, protoscolex formation (7). Oral ingestion of protoscolex-containing metacestodes by definitive hosts

completes the life cycle.

hepatomegaly-cholestasis-jaundice, secondary biliary cirrhosis, liver
abscess, portal hypertension and Budd—-Chiari syndrome. The disease
starts frequently with nonspecific symptoms such as epigastric pain or
cholestatic jaundice. In complicated cases, evidence of secondary
biliary cirrhosis and/or cholangitis will be found. Evidence of
cholestasis is frequently present, while transaminases are only rarely
and moderately elevated, in particular when there is central necrosis.
One of the most feared complications is infection of a necrotic cavity
and/or obstructed bile ducts which are associated with very high mor-
tality due to development of septic shock. Distant metastases can
occur late in the disease; these have been described in brain, spine,
lung and bone. Metastatic disease occurs in approximately 10-20%
of patients.

The growth rate of the metacestode tissue is usually slow in
immunocompetent patients. Analysis by CT scans indicated an
average volume increase of 15ml/year for progressive forms of AE. In
Europe, the average age of AE patients at diagnosis is 55 years.?
Young children rarely develop AE, unless the cellular immune system
is compromised.® The ratio of males to females varies geographically,
but any variation is not statistically significant.

DIAGNOSIS

Echinococcus granulosus
In most cases, imaging procedures together with serology will yield
the diagnosis. Sonography is the primary diagnostic procedure of
choice for hepatic cases, although false positives occur in up to
10% of cases due to the presence of nonechinococcal serous cysts,
abscesses or tumors.2 The main diagnostic features of hydatid disease
include:

separation of the membrane from the wall,

daughter cysts, and

ruptured cysts.
Computed tomography is the best investigation for detecting extra-
hepatic disease and volumetric follow-up assessment; MRI assists in
the diagnosis by identifying changes in the intra- and extrahepatic
venous system. Ultrasonography is also helpful in following up
treated patients as successfully treated cysts become hyperechogenic.
Calcification of variable degree occurs in about 10% of the cysts.

Aspiration cytology appears to be particularly helpful in the detec-

tion of pulmonary, renal and other nonhepatic lesions for which



