








occurs endogenously and exogenously (Deplazes,
Eckert,200l; Thompson, McManus,2001).

Human alveolar echinococcosis is a zoonosis of
public health significance as the parasite in a human
host behaves like a malignant tumour, predominantly
in the liver. Lethality rates had been nearly 100% in
untreated patients before the 1970s, when modern
treatment methods were not yet established (Eckert,
1998). This disease was first reported in 1852 by
Ludwig Buhl and in 1855 by Rudolf Virchow (Tappe,
Frosch,2007). Alveolar echinococcosis is less com-
mon in humans. In comparison to cystic echinococcosis,
it is more pathogenic, more difficult to treat, and has
a higher rate of mortality (Bristow etal.,2012). In
Europe, human infections are rare since the tapeworm
develops mainly during sylvatic cycle. However, reports
show that the parasite is already spreading in Europe
(Sreter etal., 2003). Diagnosing human alveolar
echinococcosis is based mainly on identifying the
parasite lesions using imaging methods (ultrasound
examination, computed tomography etc.) and through
the detection of specific serum antibodies. Sasaki,
Sako (2017) reported that putative serine protease
inhibitors (serpins) can influence the mechanisms
underlying infiltration into host tissue, as well as im-
mune evasion by larval stage parasites. Treatment is
still difficult and complete recovery is only achieved
when alveolar echinococcosis is diagnosed early and
the entire parasite lesion can be removed surgically;
even in such cases, at least two years of chemotherapy
is recommended by the WHO (Craig et al., 1996).
Symptoms will only occur after long-term incubation
(Eckert etal., 2001).

E. multilocularis typically appears during the syl-
vatic cycle, which includes foxes (predominantly those
of the genus Vulpes and Alopex) as definitive hosts and
small mammals, predominantly rodents, as interme-
diate hosts. In some endemic areas, other species of
wild carnivores, such as coyotes, wolves, and racoon
dogs, serve as definitive hosts. A synanthropic cycle
is known to exist in various epidemiological situa-
tions with domestic dogs and cats as definitive hosts,

Fig. 4. Adult Echinococcus multilocularis (Photo: Adéla Brozova)
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which become infected from rodents originating from
the sylvatic cycle (Thompson, 1995; Eckert,
1998; Machnicka-Rowinska etal.,2002). The
survival time of this parasite in definitive hosts is
estimated to be about 5 months (Eckert, 1998). The
larval stage in intermediate hosts and aberrant hosts
(including humans) is characterized by the formation
of multivesicular cysts and tumour like proliferation
in the liver or other organs. This cestode is known as a
causative agent of dangerous alveolar echinococcosis
inhumans (Miterpakova, Dubinsky,2011).In
addition to foxes, dogs and cats can occasionally serve
as definitive hosts of the parasite (Dyachenko et
al., 2008). Proglotids and eggs are shed in the faeces
of the definitive host and can be ingested by rodents
such as the common vole (Microtus arvalis Pallas,
1778), the water vole (Arvicola terrestris Linnaeus,
1758), and the bank vole (Clethrionomys glareolus
Schreber, 1780) (Eckert, Deplazes, 2004). In
Europe the fox population is increasing alongside the
prevalence of E. multilocularis infection in foxes.
Barring historically endemic areas, more and more
regions previously considered to be disease-free are
now experiencing a higher prevalence of infection
(Torgerson, Budke,2003). Maas etal. (2016)
described a new method based on a magnetic capture
based DNA extraction, followed by qPCR developed for
the detection of the zoonotic parasite E. multilocularis
in definitive hosts. This method has the advantage of
not requiring hazardous chemicals such as phenol-
chloroform. Maksimov etal. (2017) demonstrated
that the performance of commercial DNA extraction
kits for processing E. multilocularis eggs in fox faecal
samples can vary widely, but certain combinations of
DNA extraction kits and PCR protocols can analyze
samples containing even a small number of parasite
eggs and yield acceptable diagnostic sensitivity as
well as diagnostic specificity.

The geographical expansion of E. multilocula-
ris is confined to palearctic regions of the northern
hemisphere, extending from central Europe throughout
northern and central Eurasia to the Far East, including
Japan, and to North America (Alaska, Canada, north-
ern and central USA). Prior to the end of the 1980s,
E. multilocularis endemic areas in Europe were limited
to eastern France, Switzerland, southern Germany, and
western Austria (Schantz etal., 1995; Eckert et
al., 2000, 2001). The occurrence of E. multilocularis
in Western and Central Europe includes regions in
Austria, Switzerland, France, Germany, Liechtenstein,
Luxemburg, Belgium, the Netherlands, Poland, the
Czech Republic, the Slovak Republic, Denmark, and
the Norwegian Islands of Svalbard (Schantz et
al., 1995; Pavlasek etal, 1997; Dubinsky et
al., 1999; Kolarova, 1999; Romig et al., 1999;
van der Giessen etal., 1999; Eckert et al.,
2000; Vervaeke etal.,2003). The presence of this
tapeworm in their definitive or intermediate hosts
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has not been evidenced in five European countries:
Finland, mainland Norway, Great Britain, Ireland,
and Malta (Miterpakova, Dubinsky, 2011;
Learmount etal,2012; Murphy etal., 2012).
Using a program of anthelmintic bait distribution,
Budgey etal. (2017) developed a model to predict
the probability of successful eliminating a focal out-
break of E. multilocularis.

Echinococcus shiquicus (Xiao et al., 2006)

The cestode E. shiquicus was found exclusively
in Tibetan foxes Vulpes ferrilata Hodgson, 1842 in
China (Qinghai — Tibet plateau region) in 2005. This
species has two types of adult tapeworms (Fig. 5)
containing gravid segments. The first type consists
of premature and gravid segments. The second type
consists of immature, mature, and gravid segments.
Total body length ranges between 1.3 and 1.7 mm.
The larval stage (metacestode) has only been found in
plateau pikas Ochotona curzoniae (Hodgson, 1858).
DNA sequencing revealed that five (5%) of 101 pi-
kas have hydatid cysts in their livers. A pulmonary
hydatid cyst was also found in one pika. Most of the
larval forms were unilocular cysts approximately 10
mm in diameter, and one appeared an oligovesicular
form. E. shiquicus infections have not been detected
in humans (Xiao et al., 2005, 2006). Ma et al. (2012)
collected 70 Echinococcus samples (larval and adult)
from sheep, yak, pikas, voles, dogs, and humans in the
Qinghai-Tibet Plateau. The majority of Echinococcus
samples were identified as E. multilocularis and
E. granulosus s.1. while E. shiquicus was determined
only in pikas; it is suggested that E. shiquicus had
restricted intermediate host specificity.

1 mm

Fig. 5. Two types of adult Echinococcus shiquicus (Xiao etal., 2005)
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Echinococcus vogeli Rausch and Bernstein, 1972

E. vogeli (Fig. 6) has the longest strobila of any
member of the genus Echinococcus, indicating a
maximum length of 12 mm in experimentally in-
fected dogs (D’ Alessandro, Rausch, 2008).
The adult tapeworm length ranges between 3.9 and
5.6 mm, and usually has three segments. The penulti-
mate segment is mature and the genital pore is situated
posterior to the middle of both the mature and gravid
segment. The gravid uterus has no lateral branches
or sacculations, and is relatively long and tubular in
form (Thompson, McManus, 2001).

The life cycle of the South American species
E. vogeli involves the bush dog (Speothos venati-
cus Lund, 1842) as the natural definitive host, and
pacas (Cuniculus paca Linnaeus, 1766) and agoutis
(Dasyprocta spp.) as intermediate hosts. Intestinal
stages of E. vogeli evidently do not develop in cats
or in other species of felids (D’ Alessandro et
al., 1981; D’ Alessandro, Rausch, 2008). E.
vogeli is a causative agent of polycystic echinococcosis
and this disease has been reported in humans in four
countries: Colombia, Ecuador, Panama, and Venezuela
(D’ Alessandro etal.,1979; D’ Alessandro,
Rausch, 2008).

\

Fig. 6. Adult Echinococcus vogeli (D "Alessandro, Rausch,2008)

Echinococcus oligarthrus Diesing, 1863

It was noted that the frequently used species name
E. oligathrus is nomenclatorically incorrect (see
Huttner, Romig, 2009; Nakao et al., 2013)
as E. oligarthra is the correct term. However, we
have chosen to keep the most commonly used form.

The strobila is 2-3 mm long with three proglot-
tids (Fig. 7). The rostellar hooks are similar to those
of E. vogeli in length but differ in shape (Rausch,
Bernstein, 1972). The genital pore is anterior to
the middle in mature segments and approximately at
the middle in gravid segments. The gravid uterus is
sac-like (Thompson, McManus, 2001).
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Neotropical felids serve as definitive hosts of
E. oligarthrus. Out of ten species indigenous to Central
and South America, the following six species have
been identified as definitive hosts of this parasite:
the pampas cat (Felis colocolo Molina, 1782),
Geoffroy’s cat (Felis geoffroyi d’Orbigny and Gervais,
1844), the ocelot (Felis pardalis Linnaeus, 1758), the
jaguarundi (Felis yagouaroundi Geoffroy Saint-Hilaire,
1803), the jaguar (Panthera onca Linnaeus, 1758), and
the puma (Puma concolor Linnaeus, 1771). Moreover,
E. oligarthrus was found in northern Mexico in one
bobcat (Lynx rufus Schreiber, 1777), and therefore
on agoutis (Dasyprocta spp. Illiger, 1811), spiny rats
(Proechimys spp. Allen, 1899), and pacas (Cuniculus
paca Linnaeus, 1766) are the documented intermediate
hosts. Diseases caused by E. oligarthrus are known as
unicystic or cystic echinococcosis (D’ Alessandro,
Rausch, 2008). Basset et al. (1998) observed
this disease in a six-year- old boy. The child had a
retroocular cystic tumor in the left eye, which caused
exophthalmia, chemosis, palpebral ptosis, and blindness.

Fig. 7. Adult Echinococcus oligarthrus (D" Alessandro, Rausch,
2008)

CONCLUSION

The taxonomy of Echinococcus is not yet to be
completely clarified. Diseases caused by agents of
this genus remain among the most dangerous zoonoses
in the world.
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