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Abstract: Echinostoma flukes armed with 37 collar spines on their head collar are called as 37-collar-spined Echinostoma
spp. (group) or ‘Echinostoma revolutum group’. At least 56 nominal species have been described in this group. However,
many of them were morphologically close to and difficult to distinguish from the other, thus synonymized with the others.
However, some of the synonymies were disagreed by other researchers, and taxonomic debates have been continued.
Fortunately, recent development of molecular techniques, in particular, sequencing of the mitochondrial (nad1 and cox1)
and nuclear genes (ITS region; ITS1-5.8S-ITS2), has enabled us to obtain highly useful data on phylogenetic relationships
of these 37-collar-spined Echinostoma spp. Thus, 16 different species are currently acknowledged to be valid worldwide,
which include E. revolutum, E. bolschewense, E. caproni, E. cinetorchis, E. deserticum, E. lindoense, E. luisreyi, E. me-
kongi, E. miyagawai, E. nasincovae, E. novaezealandense, E. paraensei, E. paraulum, E. robustum, E. trivolvis, and Echi-
nostoma sp. |G of Georgieva et al., 2013. The validity of the other 10 species is retained until further evaluation, including
molecular analyses; E. acuticauda, E. barbosali, E. chloephagae, E. echinatum, E. jurini, E. nudicaudatum, E. parvocirrus, E.
pinnicaudatum, E. ralli, and E. rodriguesi. In this review, the history of discovery and taxonomic debates on these 26 valid

or validity-retained species are briefly reviewed.
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INTRODUCTION

Echinostomes, including families Echinostomatidae, Him-
asthlidae, and Echinochasmidae, are a large group of trema-
todes parasitizing the small intestines of fish, reptiles, birds,
and mammals [1]. Among the Echinostomatidae, Echinostoma
is the most important genus in public health as well as veteri-
nary medical aspects. The type species of the genus Echinostoma
is E. revolutum (Froelich, 1802) Dietz, 1909, and within this
genus numerous species have been described from birds and
mammals [2,3]. At least 120 species were listed by Yamaguti
[1] until the 1960s which included 101 species infecting birds
and 22 species infecting mammals; among them 3 species
were reported from both mammals and birds [1]. Later, a lot
of new species have been described from various parts of the

«Received 6 July 2020, revised 29 July 2020, accepted 29 July 2020.
* Corresponding author (cjy@snu.ac.kr)
© 2020, Korean Society for Parasitology and Tropical Medicine

343

world. However, host specificity of many species was further
studied and redefined, and many of them were synonymized
with the others [4-6].

E. revolutum and other 37-collar-spined Echinostoma spp. are
a large group of echinostomes representing the Echinostomati-
dae in various aspects. They are also called as 37-collar-spined
Echinostoma spp. (group), ‘E. revolutum group’ [4,7], or simply
‘revolutum’ group [8-11]. Kanev [4] proposed that “worms with
37 collar spines belonging to the genus Echinostoma and occur-
ring in naturally infected birds in Europe and Asia be referred
to as ‘E. revolutum group’. However, in the present review, for
comprehensiveness and convenience, all 37-collar-spined Echi-
nostoma spp. ever reported from naturally infected birds and/
or mammals around the world have been assigned as 37-col-
lar-spined Echinostoma spp.” or ‘E. revolutum group’.

More than 56 nominal species have been described in this
group (Tables 1, 2). However, there have long been debates on
the taxonomy and classification of these species. More than a
half of them have been synonymized with the others (Table 2).
At present, 16 species (14 of them have molecular data) (Figs.
1, 2) are regarded as valid species, and 10 should be further
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Table 1. List of 16 valid and 10 validity-retained species of 37-collar-spined Echinostoma group

Species and nominator

Size of adults (mm)

Country of first Reference

Size of eggs (Um) Validity

report no.

E. revolutum (Froelich, 1802) Dietz, 1909 9.5-11.8x1.5-2.1 108-125x57-75 Germany [11]  valid (type species)
E. acuticauda Nicoll, 1914 9.0-12.0x0.9-1.0 112-126x63-75 Australia [93] retained
E. barbosai Lie & Basch, 1966 3.6-7.8x0.46-0.96  111-131x62-66 Brazil [117] retained
E. bolschewense (Kotova, 1939) Nasincova, 1991 7.4-12.56x0.99-1.6 138-162 % 75-85 Russia [122] valid
E. caproni Richard, 1964 5.7x1.5 (av. 105-120%x 50-60 Madagascar [80] valid
E. chloephagae Sutton & Lunaschi, 1980 5.1-6.9x0.82-0.99  100-120x60-70 Argentina [131] retained
E. cinetorchis Ando & Ozaki, 1923 9.5-14.6x1.7-2.2 96-100x61-70 Japan 59 valid
E. deserticum Kechemir et al., 2002 5.6-15.2x0.75-3.1 58-74 x 36-46 Niger [43] valid
E. echinatum (Zeder, 1803) de Blainville, 1828 8.1-11.1x0.77-1.5 ? Germany [99] retained
E. jurini (Skvortsov, 1924) Kanev, 1985 6.6-14.0x0.58-1.3 96-132 x 72-88 Russia [5] retained
E. lindoense Sandground & Bonne, 1940 13.0-15.0x2.5-3.0 92-124 x65-76 Indonesia [63] valid
E. luisreyi Maldonado et al., 2003 5.3-9.3x1.1-2. 3 89-113x65-82 Brazil [44] valid
E. mekongi Cho et al., 2020 9.0-13.1x1.3-25 98-132x62-90 Cambodia [49] valid
E. miyagawai Ishii, 1932 9.2-11.0x1.2-1.5 94-96 x 59-60 Japan [11] valid
E. nasincovae Georgieva et al., 2014 4.3-4.8x0.99-1.1 100-105%x61-70 Czech Republic [11] valid
E. novaezealandense Georgieva et al., 2017 9.6-10.5x0.7-1.1 81-87 x42-53 New Zealand [24] valid
E. nudicaudatum Nasir, 1960 6.8-7.6x0.98-1.3 97-115x67-72 UK [171] retained
E. paraensei Lie & Basch, 1967 7.5-16.0x0.79-2.0 104-122 x 74-86 Brazil [176] valid
E. paraulum Dietz, 1909 5.6-6.9x1.2-1.7 104-122x53-70 Austria/Russia [11] valid
E. parvocirrus Nassi & Dupouy, 1988 6.7-84x1.3-1.5 105-120x 64-71 Guadeloupe [38] retained
E. pinnicaudatum Nasir, 1961 5.5-7.1x0.8-1.1 97-115x67-72 UK [174] retained
E. ralli Yamaguti, 1934 8.6x1.1 (av.) 110-130x 68-81 Japan [68] retained
E. robustum Yamaguti, 1935 7.8-9.8x1.3-2.2 111-129x 60-69 Taiwan [187] valid
E. rodriguesi Hsu et al., 1968 3.9-6.8x0.5-1.3 96-128 x 56-68 Brazil [37] retained
E. trivolvis (Cort, 1914) Kanev, 1985 5.5-21.0x0.5-1.5 90-130x60-70 USA [6] valid
Echinostoma sp. IG Georgieva et al., 2013 - - Germany [45] valid®

2validity acknowledged based on molecular and morphological data of cercariae, but description of adult worms needed.

evaluated for their validity (Table 1). Among them, zoonotic
species infecting humans are at least 8, including E. revolutum,
E. cinetorchis, E. echinatum (needs confirmation), E. lindoense, E.
mekongi, E. miyagawai (experimental), E. paraensei (from the
coprolite of a human mummy), and E. paraulum |2,3,5,12-15].
In this review, the historical aspects and current status of 26
valid or validity-retained species of 37-collar-spined Echinosto-
ma group are briefly reviewed.

BRIEF HISTORY

After revision and set-up new systematics of echinostomes
in the early 1900s by Dietz [16,17], hundreds of articles have
dealt with taxonomy and biology of echinostomes [18].
Among the workers, Beaver [19] was the one who extensively
studied and reviewed the taxonomy of 37-collar-spined echi-
nostomes. He obtained adult flukes from experimentally in-
fected birds and mammals originating from the freshwater
snail Helisoma trivolvis and described the worm as E. revolutum

in USA (later turned out to be Echinostoma trivolvis by Kanev et
al. [6]) and morphologically compared this species with previ-
ously reported species from the world. He synonymized 9 spe-
cies with E. revolutum, including Echinostoma armigerum Barker
& Irvine, 1915, Echinostoma cinetorchis Ando & Ozaki, 1923,
Echinostoma coalitum Barker & Beaver, 1915, Echinostoma colum-
bae Zunker, 1925, Echinostoma echinatum (Zeder, 1803) de Bla-
inville, 1828, Echinostoma limicoli Johnson, 1920, Echinostoma
miyagawai Ishii, 1932, Echinostoma mendax Dietz, 1909, and
Echinostoma paraulum Dietz, 1909. In addition, he treated 11
species as synonyms inquirenda, which included Echinostoma
acuticauda Nicoll, 1914, Echinostomas armatum (Molin, 1850)
Yamaguti, 1971, Echinostoma callawayensis Barker & Noll, 1915,
Echinostoma dilatatum (Miram, 1840) Cobbold, 1960, Echinos-
toma echinocephalum (Rudolphi, 1819) Cobbold, 1860, Echi-
nostoma erraticum Lutz, 1924, Echinostoma microrchis Lutz,
1924, Echinostoma neglectum Lutz, 1924, Echinostoma nephrocys-
tis Lutz, 1924, Echinostoma oxycephalum (Rudolphi, 1819) Rail-
liet, 1896, and Echinostoma sudanense Odhner, 1911. Later,
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Table 2. List of 37-collar-spined Echinostoma spp. (30 species) synonymized with other species

Species and nominator Country of first report Synonymized with Synonymy proposed by

E. armatum (Mollin, 1858) Yamaguti, 1971 South America E. revolutum Beaver [19]

E. armigerum Barker and Irvine, 1915 North America E. trivolvis Kanev [4,20]

E. audyi Lie and Umathevy, 1965 Malaysia E. revolutum Kanev [20]

E. callawayensis Barker and Noll, 1915 North America E. trivolvis Kanev [4,20]

E. coalitum Barker and Beaver, 1915 North America E. trivolvis Kanev [4,20]

E. columbae Zunker, 1925 Germany E. revolutum Beaver [19]

Echinoparyphium contiguum Barker and Bastron, 1915 USA E. trivolvis Kanev et al. [6]

E. dilatatum (Miram, 1840) Cobbold, 1860 Russia E. revolutum Beaver [19]

E. equinatus gigas Marco del Pont, 1926 Argentina Echinoparyphium Lunaschi et al. [29]
recurvatum

E. echinocephalum (Rudolphi, 1819) Cobbold, 1860 Egypt E. revolutum Beaver [19]

E. erraticum Lutz, 1924 Brazil E. revolutum Beaver [19]

E. friedi Toledo et al., 2000 Spain E. miyagawai Faltynkova et al. [11]

E. ivaniosi Mohandas, 1973 India E. revolutum Kanev [4]

E. liei Jeyarasasingam et al., 1972 Egypt E. caproni Huffman and Fried [7]

E. limicoli Johnson, 1920 Europe E. revolutum Beaver [19]

E. londonensis Khan, 1961 UK E. jurini Kanev [4]

E. mendax Dietz, 1909 Brazil E. revolutum Beaver [19]

E. microrchis Lutz, 1924 Brazil E. revolutum Beaver [19]

E. multispinosum Pérez Vigueras, 1944 Cuba E. trivolvis Kanev et al. [6]

E. neglectum Lutz, 1924 Brazil E. revolutum Beaver [19]

E. nephrocystis Lutz, 1924 Brazil E. revolutum Beaver [19]

E. orlovi Romashov, 1966 Russia E. jurini Kanev et al. [5]

E. oxycephalum (Rudolphi, 1819) Railliet, 1896 Europe E. revolutum Beaver [19]

E. revolutum tenuicollis Bashikirova, 1941 Azerbaidzhan E. revolutum This review

E. revolutum var. japonicum Kurisu, 1932 Japan E. revolutum Yamaguti [1]

E. sisjakowi (Skvortsov, 1935) Yamaguti, 19712 Russia E. jurini Kanev et al. [5]

E. spiniferum (La Valette, 1855) sensu Nasincova, 1992 Czechoslovakia E. nasincovae Faltynkova et al. [11]

E. stromi Bashkirova, 1946 Azerbaidzhan E. revolutum Yamaguti [1]

E. sudanense Odhner, 1910 Sudan E. revolutum Beaver [19]

E. togoensis Jourdan and Kulo, 1981 Togo E. caproni Huffman and Fried [7]

éformerly Echinoparyphium sisjakowi Skvortsov, 1935.

however, some of these species, including E. revolutum of Bea-
ver [19], E. armigerum, E. coalitum, and E. callawayensis, were
synonymized with Echinostoma trivolvis (Cort, 1914) Kaneyv,
1985 [6,20]. Kanev et al. [6] also synonymized Echinostoma
multispinosum Pérez Vigueras, 1944, E. paraulum of Miller,
1937, and Echinoparyphium contiguum Barker & Bastron, 1915
with E. trivolvis. However, the validity of E. miyagawai, E. ci-
netorchis, and E. paraulum were re-evaluated and acknowledged
by Kostadinova et al. [21], Chai [3,22], and Georgieva et al.
[10], respectively. The morphologies of E. miyagawai and E.
paraulum were redescribed [11,21]. The name E. acuticauda is
still used by other researchers [23,24], although this species
needs re-evaluation. The 4 species of 37-collar-spined Echinos-
toma from Brazil, including E. erraticum, E. microrchis, E. neglec-
tum, and E. nephrocystis, and 2 non-37-collar-spined species,
Echinostoma exile (43-45 collar spines) and Echinostoma parses-

pinosum (29-33 collar spines), were re-examined and rede-
scribed by Kohn and Fernandes [25]. Kostadinova and Gibson
[26] stated that the 4 species of 37-collar-spined species rede-
scribed by them [25] exhibited significant morphological dif-
ferences suggesting their taxonomic significance. In addition, a
checklist of cercariae in molluscs from Brazil listed the names
of E. erraticum (infecting Spirulina and Drepanotrema snails)
and E. nephrocystis (infecting Physa sp. snails) [27]. However, in
the present review, these 4 species were tentatively regarded as
synonyms of E. revolutum, as suggested by Beaver [19].
Echinostoma equinatus gigas Marco del Pont, 1926 [28] was
reported from Argentina, but the worms were later assigned to
Echinoparyphium recurvatum by Lunaschi et al. [29]. Echinostoma
chloephagae Sutton and Lunaschi, 1980 also reported from Ar-
gentina attracted no much taxonomic attention but listed in a
checklist of parasites of birds from Argentina [29]. Echinostoma
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Fig. 1. A phylogenetic tree of Echinostoma revolutum (Southeast Asian and American lineages) and 6 other 37-collar-spined Echinosto-
ma group constructed based on 184 bp of mitochondrial cox1 sequences by maximum-likelihood method using the MEGA-X program
employing Tamura-nei model of nucleotide substitution with 1,000 bootstrap replications. Opisthorchis viverrini was used as an out-
group.
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Fig. 2. A phylogenetic tree of Echinostoma revolutum (Eurasian and American lineages) and 13 other 37-collar-spined Echinostoma spp.
constructed based on 472 bp of mitochondrial nad1 sequences by maximum-likelihood method using the MEGA-X program employing
Tamura-nei model of nucleotide substitution with 1,000 bootstrap replications. O. viverrini was used as an outgroup.
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ralli Yamaguti, 1934 was reported in Japan and this name was
used by Yoshino et al. [30]. The taxonomic validity of Echinos-
toma robustum Yamaguti, 1935 which was originally reported
from Taiwan was supported by Detwiler et al. [31] through
molecular analyses of specimens from USA and Brazil. How-
ever, the specific diagnosis of these worms as E. robustum needs
reconfirmation. Echinostoma goldi Oschmarin, 1956 was re-
ported from the intestine of the bird Pernis apivorus in Russian
Far East [32]; this species was mentioned to have 37 collar
spines by Yamaguti [1] but the figure presented by Skrjabin
and Bashikirova [32] shows that it has 35 collar spines. There-
fore, this species (species inquirenda) is excluded from the
37-collar-spined Echinostoma group until further studies are
performed to confirm that it evidently has 37 collar spines.
Echinostoma revolutum var. japonicum Kurisu, 1932 and Echi-
nostoma stromi Bashikirova, 1946 have been synonymized with
E. revolutum by Yamaguti [1]. Echinostoma revolutum tenuicolle
Bashikirova, 1941 seems to be a synonym of E. revolutum.
Among the 3 species reported from UK, including Echinostoma
nudicaudatum Nasir, 1960, Echinostoma pinnicaudatum Nasir,
1961, and Echinostoma londonensis Khan, 1961, the former 2
have seldom attracted taxonomic attention, whereas E. londonen-
sis was suggested to be identical with E. echinatum by Kanev [4].
Kanev [4,20] studied on the life cycle of E. revolutum in Eu-
rope (from Germany) using the freshwater snail Lymnaea stag-
nalis as the starting point and redescribed the morphology of
larval and adult E. revolutum. Kanev [4] and Kanev et al. [5,6]
synonymized Echinostoma audyi Lie & Umathevy, 1965, Echi-
nostoma ivaniosi Mahandas, 1973, and E. paraulum Dietz, 1909
with E. revolutum. Also, Kanev [4,20], Huffman and Fried [7],
and Kanev et al. [5,6,33] synonymized Echinostoma lindoense
Sandground & Bonne, 1940, Echinostoma barbosai Lie & Basch,
1966, E. miyagawai Ishii, 1932, and E. revolutum of Nasincova,
1986 with E. echinatum. Kanev et al. [5] also synonymized
Echinostoma sisjakowi (Skvortsov, 1935) Yamaguti, 1971, Echi-
nostoma orlovi Romashov, 1966, and Echinostoma bolschewense
(Kotova, 1939) Nasincova, 1991 with E. jurini (Skvortsov,
1924) Kanev, 1985. Meanwhile, Echinostoma liei Jeyarasasin-
gam et al., 1972, Echinostoma togoensis Jourdan & Kulo, 1981,
and Echinostoma paraensei Lie & Basch, 1967 were synony-
mized with Echinostoma caproni Richard, 1964 by Huffman
and Fried [7]. Thus, Kanev [4] listed only 5 species in the
37-collar-spined Echinostoma group, which included E. revolu-
tum (sensu stricto), E. trivolvis, E. caproni, E. jurini, and E. echi-
natum. Later, however, E. paraensei was acknowledged as a dis-

tinct species because of its unique isoenzymatic patterns |34]
and unique DNA sequences [35]. In addition, Kostadinova
and Gibson [26] and Kostadinova et al. [21,36] reconsidered E.
miyagawai as a distinct species, and rather questioned about
the taxonomic status of E. echinatum.

In the meantime, Echinostoma rodriguesi Hsu et al., 1968 was
reported as a new 37-collar-spined group from Brazil [37], and
Echinostoma parvocirrus Nassi and Dupouy [38], 1988 from
Guadeloupe, French West Indies. Echinostoma friedi Toledo et
al. [39], 2000 was described as a new species in Spain. There-
by, Kostadinova et al. [26] listed 8 species in the ‘revolutum’
group, which included E. revolutum (sensu stricto), E. jurini, E.
trivolvis, E. paraensei, E. caproni, E. miyagawai, E. parvocirrus, and
E. friedi but did not include E. rodriguesi. According to Kostadi-
nova et al. [40], a voucher specimen of E. revolutum designated
by Morgan and Blair [41] from Australia was found to be affili-
ated to E. robustum (?) although they did not favor this specific
diagnosis; later Georgieva et al. [10] assigned this isolate to E.
miyagawai. However, the validity of E. robustum was supported
by Detwiler et al. [31,42] based on materials from North
America and Brazil. After then, Echinostoma deserticum Ke-
chemir et al., 2002 was reported as a new 37-collar-spined spe-
cies from Africa [43], and Echinostoma luisreyi Maldonado et
al., 2003 as a new member from Brazil [44]. Fried and Graczyk
[8] listed 10 species in the 37-collar-spined Echinostoma spp.,
including E. revolutum, E. caproni, E. echinatum, E. friedi, E. juri-
ni, E. luisreyi, E. miyagawai, E. paraensei, E. parvocirrus, and E.
trivolvis; however, they did not mention about E. deserticum, E.
rodriguesi, and E. robustum. Toledo et al. [9] listed 10 species,
including E. revolutum, E. caproni, E. deserticum, E. friedi, E. juri-
ni, E. luisreyi, E. miyagawai, E. paraensei, E. parvocirrus, and E.
trivolvis, but did not mention on E. echinatum, E. rodriguesi, and
E. robustum.

Based on molecular, morphological, and ecological data,
the classification of 37-collar-spined Echinostoma species be-
came more diverse and have been continuously changing
[10,11,24,31,42,45,46]. Faltynkovd et al. [11] synonymized E.
friedi with E. miyagawai based on morphological data. Mohan-
ta et al. [46] suggested synonymy of E. robustum, E. miyagawai,
and E. friedi, but the synonymy between E. miyagawai (E. frie-
di) and E. robustum is disagreed by other workers [47]. It is also
noteworthy that several new cryptic 37-collar-spined Echinosto-
ma spp. have been discovered in different parts of the world,
which included Echinostoma sp. 1G by Georgieva et al., 2013
[45], Echinostoma spp. clade 3 by nadl and ITS2 analyses by
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Noikong et al. [48], Echinostoma nasincovae Georgieva et al.,
2014 [10,11], Echinostoma novaezealandense Georgieva et al.,
2017 [24], and Echinostoma mekongi Cho et al., 2020 [49]. Syn-
onymies previously based only on morphological characters
should be reconsidered until the results are firmly supported
by molecular evidences.

SPECIES REPORTED IN EACH CONTINENT

Asia

At least 11 species, including E. revolutum [50-57], E. audyi
[58], E. cinetorchis [59-61], E. ivaniosi [62], E. lindoense [63], E.
mekongi [49], E. miyagawai [64,65], E. paraulum [14,66,67], E.
ralli [68], E. revolutum var. japonicum [69], and E. robustum [70]
were reported to have 37 collar spines. E. audyi and E. ivaniosi
were synonymized with E. revolutum by Kanev [4], and E. revo-
lutum var. japonicum with E. revolutum by Yamaguti [1]. Beaver
[19] synonymized E. cinetorchis with E. revolutum; however, E.
cinetorchis is characteristic in having testes which are mobile to
other locations within the body; one or both testes even disap-
pear from the body while they grow to be adults [2,3,13,22,71].
E. lindoense was synonymized with E. echinatum by Kanev et al.
[33]; however, the status of E. echinatum is questioned by
many workers [10,11,26]. In addition, E. lindoense has unique
larval and adult morphology discriminating from E. revolutum
(see E. lindoense section), and thus the name E. lindoense is re-
tained in this review. E. mekongi was reported as a new species
from human infections in 2 provinces of Cambodia along the
Mekong River, which is morphologically close to E. revolutum
and E. miyagawai but molecularly distinct from them and also
12 other 37-collar-spined Echinostoma spp. available in Gen-

Table 3. Continental distribution of 37-collar-spined Echinostoma spp.

Bank [49]. A recent mitochondrial DNA study reported that 2
distinct species, including E. revolutum and E. miyagawai, exist
in Thailand and Lao PDR [72]. In China, complete mitochon-
drial genome of E. miyagawai has been obtained and charac-
terized [73,74]. A synonymy between E. miyagawai and E. ro-
bustum was suggested based on molecular analysis in Bangla-
desh [46]; however, this synonymy is disagreed by Heneberg
[47]. Cytochrome B gene was found to be useful to differentiate
Asian E. revolutum from African E. caproni and South American
E. paraensei [75]. Thus, at least 8 species, including E. revolu-
tum, E. cinetorchis, E. lindoense, E. mekongi, E. miyagawai, E.
paraulum, E. ralli, and E. robustum, are recognized to be existing
in Asia (Table 3).

Europe

More than 18 species of 37-collar-spined Echinostoma spp.
were reported from European countries, including Germany,
Bulgaria, UK, Austria, Czech Republic, Spain, and Russia; E.
revolutum, E. bolschewense, E. columbae, E. dilatatum, E. echina-
tum, E. friedi, E. goldi, E. jurini, E. londonensis, E. miyagawai, E.
nasincovae, E. nudicaudatum, E. orlovi, E. oxycephalum, E. parau-
lum, E. pinnicaudatum, E. sisjakowi, and Echinostoma sp. 1G of
Georgieva et al., 2013 [45]. Among them, E. columbae, E. dila-
tatum, and E. oxycephalum were synonymized with E. revolutum
or put as species inquirenda by Beaver [19]. E. orlovi and E. sis-
jakowi were synonymized with E. jurini by Kanev et al. [5]. E.
goldi had 35 collar spines in the figure of Skrjabin and Bashi-
kirova [32] thus considered not a member of 37-collar-spined
group. E. bolschewense and E. londonensis were synonymized
with E. jurini and E. echinatum, respectively, and E. paraulum
was synonymized with E. revolutum by Kanev [4] and Kanev et

Asia Europe Africa North/Central America South America Oceania
E. revolutum E. revolutum E. caproni E. revolutum E. revolutum E. revolutum
E. cinetorchis E. bolschewense E. deserticum E. parvocirrus E. barbosai E. acuticauda
E. lindoense E. echinatum E. robustum E. chloephagae E. miyagawai
E. mekongi E. jurini E. trivolvis E. luisreyi E. novaezealnadense
E. miyagawai E. miyagawai E. paraensei E. paraensei
E. paraulum E. nasincovae E. robustum
E. ralli E. nudicaudatum E. rodriguesi
E. robustum E. paraulum

E. pinnicaudatum

E. robustum

Echinostoma sp. IG

This table has been revised and updated from Chai (2019) [3].
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al. [5]. However, the synonymy of E. bolschewense with E. jurini
was denied because of morphological differences in their cer-
cariae [11]. Thus, E. bolschewense was regarded as a distinct spe-
cies, and the the status of E. jurini was retained [11]. In addi-
tion, E. paraulum was revalidated as distinct species [10,11]. On
the other hand, E. friedi reported by Toledo et al. [39] was syn-
onymized with E. miyagawai by Faltynkova et al. [11]. E. robust-
um Yamaguti, 1935 has been acknowledged as a distinct spe-
cies based on specimens harvested from a duck in UK [76];
this species was also recorded from birds in Poland [77] and
Russia [78,79]. E. miyagawai originally reported from Japan
was later reported also in Bulgaria and Czech Republic [21,36].
Put together, in Europe, at least 11 species of 37-collar-spined
echinostomes can be currently acknowledged to be valid or
validity-retained; E. revolutum (sensu stricto), E. bolschewense, E.
echinatum, E. jurini, E. miyagawai, E. nasincovae, E. nudicauda-
tum, E. paraulum, E. pinnicaudatum, E. robustum, and Echinosto-
ma sp. IG [11,76] (Table 3).

Africa

More than 5 species of 37-collar-spined Echinostoma spp.
were nominally described, including E. caproni [80,81], E. de-
serticum [43], E. revolutum [82], E. liei [83], and E. togoensis [84].
However, Kanev [4] suggested that E. revolutum described by
Bisseru [82] was actually E. caproni. Fried and Huffman [85]
also suggested that the studies performed under the name E.
revolutum, E. liei, and E. togoensis using materials from Africa
actually dealt with E. caproni. Thereby, only 2 species, E. caproni
and E. deserticum can be currently recognizable as the 37-col-
lar-spined Echinostoma spp. existing in Africa (Table 3).

North and Central America

The taxonomy of 37-collar-spined Echinostoma spp. in North
and Central America has not yet been properly revised or set-
tled [10]. In North America, 5 species were reported at an earli-
er time, including E. trivolvis, E. armigerum, E. coalitum, E. colla-
wayensis, and Echinoparyphium contiguum [6,10]. Beaver [19]
treated 4 of the above (E. armigerum, E. coalitum, E. collawayen-
sis, and E. contiguum) as synonyms of E. revolutum or synonyms
inquirenda. However, Kanev [20] pointed out that the E. revo-
lutum of Beaver [19] and many articles published from North
America under the name E. revolutum during 1968-1988 should
be reconsidered to have been actually E. trivolvis. The true exis-
tence of E. revolutum in North America was later confirmed in
1997-1998 by Sorensen et al. [86,87] through morphological

as well as molecular studies. Later, based on nadl gene se-
quences, the American E. revolutum was shown to be genetical-
ly distinct from European populations, and further studies
seemed necessary on the taxonomy of North American 37-col-
lar-spined Echinostoma spp. [10,31]. In addition, Detwiler et al.
[31] detected the presence of E. robustum from Indiana and
Minnesota, USA, and also from Brazil. From Guadeloupe
(French West Indies), E. parvocirrus was reported [38]. Thus, in
North and Central America, at least 4 species can be listed as
the ‘revolutum’ group; E. revolutum, E. parvocirrus, E. robustum,
and E. trivolvis [38,42] (Table 3).

South America

More than 14 species, namely, E. revolutum, E. armatum, E.
barbosai, E. chloephagae, E. equinatus gigas, E. erraticum, E. luis-
reyi, E. mendax, E. microrchis, E. neglectum, E. nephrocystis, E. par-
aensei, E. robustum, and E. rodriguesi, have been described in
South America [19,31,42,44,88-90]. The presence of E. revolu-
tum in Brazil has been reported by various workers, including
Brasil and Amato [91], as reviewed by Maldonado and Lanfre-
di [92]. E. barbosai was synonymized with E. echinatum by
Kanev et al. [33]; however, the status of E. echinatum is not rec-
ognized by other workers [10,11]. Therefore, the name E. bar-
bosai is retained until further confirmatory studies are per-
formed. Beaver [19] treated the 4 species reported from Brazil
by Lutz [88], i.e., E. erraticum, E. neglectum, E. microrchis, and E.
nephrocystis, as synonym inquirenda. These might be identical
with E. revolutum or E. trivolvis. However, Kanev et al. [6] did
not recognize the presence of E. trivolvis in South America; al-
though, the possible existence of E. trivolvis in South America
remains to be confirmed. In the present review, the 4 species
reported by Lutz [88] were tentatively synonymized with E.
revolutum. E. equinatus gigas reported by Marco del Pont [28]
was later assigned to Echinoparyphium recurvatum [29]. Kanev
[20] considered E. paraensei a synonym of E. caproni, and Huff-
man and Fried [7] accepted this synonymy. However, E. par-
aensei was acknowledged as a distinct species because of its
unique isoenzymatic patterns [34] and DNA sequences [35].
The presence of E. robustum in South America was first suggest-
ed by molecular analysis of materials obtained from Brazil
[31]. Therefore, the existence of at least 7 species of 37-collar-
spined echinostomes, including E. revolutum, E. barbosai, E.
chloephagae, E. luisreyi, E. paraensei, E. robustum, and E. rodrigue-
si, is currently recognized to be valid or validity-retained in
South America (Table 3). It is of considerable interest that in a



Chai et al.: E. revolutum and 37-collar-spined echinostomes 351

mummified human body in Brazil, eggs presumed to be of E.
paraensei (ot E. luisreyi) were detected by a molecular technique
[15].

Oceania

A total of 5 species of 37-collar-spined echinostomes have
been reported; E. acuticauda, E. miyagawai, E. novaezealandense,
E. paraensei, and E. revolutum (Table 1). E. acuticauda was re-
ported in 1914 in Australia [93], and soon synonymized (syn-
onym inquirenda) with E. revolutum by Beaver [19]. However,
this synonymy is not agreed by other workers, and the name E.
acuticauda has been used by Jones and Anderson [23] and
Georgieva et al. [24]. Morgan and Blair [41] reported that 3
metacercarial isolates (LMeta-1, PMeta-1, and PMeta-2) from
Townsville showed greater than 98% sequence similarity with
E. revolutum from Europe. Later, Kostadinova et al. [40] sug-
gested all these isolates to be E. robustum (?). However, Geor-
gieva et al. [10] placed all these isolates among the clusters of
E. miyagawai. Thus, the presence of E. robustum in Australia
needs reconfirmation. Morgan and Blair [41] also isolated E.
paraensei (PCerc-1) cercariae from Glyptophysa sp. snails in
Townsville, Australia by molecular analysis [41]. In New Zea-
land, a species closely allied to E. revolutum was found by mo-
lecular studies [41], and 2 more species, E. novaezealandense
and E. miyagawai, were discovered [24]. Thus, at least 5 species
are existing in Oceania, including E. revolutum, E. acuticauda, E.
miyagawai, E. novaezealandense, and E. paraensei (Table 3).

SPECIES OF 37-COLLAR-SPINED
ECHINOSTOMA GROUP

Echinostoma revolutum (Froelich, 1802) Dietz, 1909

[syn. Echinostoma armatum Barker & Trvine, 1915; Echinosto-
ma audyi Lie & Umathevy, 1965; Echinostoma columbae Zunker,
1925; Echinostoma dilatatum (Miram, 1940) Cobbold, 1860;
Echinostoma echinocephalum (Rudolphi, 1819) Cobbold, 1860;
Echinostoma erraticum Lutz, 1924; Echinostoma ivaniosi Mahan-
das, 1973; Echinostoma limicoli Johnson, 1920; Echinostoma
mendax Dietz, 1909; Echinostoma microrchis Lutz, 1924; Echinos-
toma neglectum Lutz, 1924; Echinostoma nephrocystis Lutz, 1924;
Echinostoma oxycephalum (Rudolphi, 1819) Railliet, 1896; Echi-
nostoma revolutum tenuicollis Bashikirova, 1941; Echinostoma rev-
olutum var. japonicum Kurisu, 1932; Echinostoma stromi Bashi-
kirova, 1946; Echinostoma sudanense Odhner, 1910]

This species (Fig. 3) was originally described under the

name Fasciola revoluta based on adult flukes found in the large
intestine of wild ducks Anas boschas fereae dissected on July 20,
1798 in Germany [4]. It was about 11 mm long and had 37
collar spines, and these morphological features have served as
the main basis for further definitions of E. revolutum [4]. A year
later, E. echinatum (under the name Distoma echinatum) was
described by Zeder in Germany, and this name (D. echinatum
or E. echinatum) had been used for about a hundred years un-
til Dietz [16,17] renamed E revoluta as Echinostoma revolutum
in his systematic reorganization of the Echinostomatidae and
synonymized E. echinatum with E. revolutum. Dietz [16,17]
also synonymized Echinostoma dilatatum (under the name Dis-
toma dilatatum Miram, 1940) and Echinostoma armatum (under
the name Distoma armatum Molin, 1858) with E. revolutum.
This was a big milestone for the taxonomy of E. revolutum and
37-collar-spined Echinostoma group. After Dietz [16,17], adult
worms and larval stages found in Europe, Asia, Africa, Austra-
lia, and North and South America have been described as E.
revolutum for at least 70-80 years [1,4,19,20,32,88,94-98] (Ta-
ble 4). On the other hand, Kanev [20] and Kanev et al. [33]
suggested the taxonomic validity of E. echinatum, and Schuster
[99], Christensen et al. [100], and Huffman and Fried [7] sup-
ported it (see E. echinatum section). However, the validity of E.
echinatum was recently put to a question by Kostadinova and
Gibson [26], Georgieva et al. [10], and Faltynkova et al. [11].

Human infection with E. revolutum was first described in
Taiwan in 1929 [101]. Later, in 1982, the prevalence of E. revo-
Iutum among Taiwan population was reported to be 0.11-0.65%
[102]. Further human infections were reported in mainland
China [12], Indonesia [103], Thailand [104], Cambodia [51],
and Lao PDR [56]. However, all of these reports are not based
on molecular confirmation and need further verification re-
garding the species identification.

Kanev [4] studied on almost all previous records on E. revo-
Iutum and other 37-collar-spined group and delimited the def-
inition of E. revolutum. He stated that 37-collar-spined echino-
stomes cannot be morphologically identified only by adult
flukes but they can be more clearly discriminated by the mor-
phology of larval stages, in particular, the cercariae, and host-
parasite relationships. Thus, E. revolutum was delimited as
those flukes having (1) lymnaeid snails as the 1st intermediate
host, (2) various pulmonate and prosobranch snails, mussels,
frogs, and freshwater turtles as the second intermediate host,
(3) only birds as the definitive host, (4) cercariae and adults
armed with 37 collar spines, (5) geographical distribution
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Fig. 3. Adult specimens of Echinostoma revolutum (A) from Thailand (courtesy of Prof. Chalobol Wongsawad, Chiang Mai University), E.
cinetorchis (B) from South Korea, E. mekongi (C) from Cambodia, and E. robustum (D) from India under the same magnification. Scale

bar=2 mm.

only in Europe and Asia, (6) Cercaria echinata Siebold, 1937, E.
echinatum, and E. jurini as closely related species in Europe,
and (7) specific characteristics only in larvae and host-parasite
relationships [4]. However, some of these delimitations had to
be revised because of various new findings. Using molecular
data, Detwiler et al. [31] confirmed that both lymnaeid and
planorbid snails can serve as the 1st intermediate host of E.
revolutum. Detwiler et al. [42] also confirmed that E. revolutum
can infect a mammalian host, the muskrat Ondatra zibethicus,
in USA. The geographical distribution of E. revolutum was ex-
tended to North and South America, and Oceania [31,41,42,91]
(Tables 3, 4). Faltynkova et al. [11] redescribed the morpholo-
gy of rediae, cercariae, and adults of E. revolutum based on Eu-
ropean samples (from Germany, Finland, Czech Republic, Po-
land, Bulgaria, and Iceland). In comparison with the report of
Kanev [4], they found in the cercariae 6 outlets of penetration
gland-cells (4 outlets in Kanev [4]) and total 12 outlets of par-
aesophageal gland-cells (16-20 outlets in Kanev [4]) [11] (Ta-

ble 5).

Molecular analysis of E. revolutum was started by Morgan
and Blair [35]. They compared the nucleotide sequences of ITS
region (ITS1-5.8S-1TS2) of E. revolutum (originated from Ger-
many) with those of E. trivolvis, E. paraensei, E. caproni (includ-
ing E. liei and Echinostoma sp. I from Africa), and Echinostoma
sp. [ from Africa (E. deserticum). They concluded that E. revolu-
tum was phylogenetically close to E. trivolvis and E. paraensei
but distinct from one another, and far from E. caproni and E.
deserticum. Morgan and Blair [41,105] further compared the
usefulness of ITS region and 2 mitochondrial loci (cox1 and
nadl) to discriminate the species and found that nadl ap-
peared to be the most informative locus for investigating phy-
logenetic relationships within the 37-collar-spined Echinostoma
group. The molecularly distinct status of E. revolutum in rela-
tion to other species and other genera has been supported by
Kostadinova et al. [40].

The existence of E. revolutum in North America (under the
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Table 4. Geographical distribution of 26 valid or validity-retained

37-collar-spined Echinostoma species

Species and nominator

Continent and country where this species

has been reported

E. revolutum?

E. acuticauda

E. barbosai

E. bolschewense
E. caproni

E. chloephagae
E. cinetorchis

E. deserticum
E. echinatum
E. jurini

E. lindoense

E. luisreyi

E. mekongi

E. miyagawai®

E. nasincovae

E. novaezealandense
E. nudicaudatum

E. paraensei

Asia, Europe, North America, South
America, Oceania

Australia
Brazil

Czech Republic, Russia, Slovak Republic

Cameroon, Congo, Egypt, Madagascar,
Togo
Argentina

China, Indonesia, Japan, South Korea,
Taiwan, Vietnam

Algeria, Niger
Europe (Germany and other countries)

Europe (Bulgaria, Russia, and other
countries)

Indonesia, Malaysia, The Philippines,
Thailand

Brazil

Cambodia

Asia, Europe, Oceania

Czech Republic, Slovak Republic
New Zealand

UK

Australia, Brazil

E. paraulum Austria, Bangladesh, China, Czech

Republic, Germany, Pakistan, Russia

E. parvocirrus Guadeloupe (West Indies)

E. pinnicaudatum UK

E. ralli Japan

E. robustum® Asia, Europe, North America, South America
E. rodriguesi Argentina, Brazil

E. trivolvis North America (Canada, USA)

Echinostoma sp. |G
Georgieva et al., 2013

Germany, Iceland, UK

This table has been updated from Chai (2019) [3].

?Asia (Bangladesh, China, India, Indonesia, Iran, Japan, Lao PDR, Ma-
laysia, South Korea, Taiwan, Thailand, and Vietnam), Europe (Austria,
Belarus, Bulgaria, Czech Republic, Finland, France, Germany, Greece,
Hungary, Iceland, The Netherlands, Poland, Russia, Slovak Republic,
UK, Yugoslavia), North America (USA), South America (Brazil), Oceania
(New Zealand).

PAsia (China, Japan, Lao PDR, Thailand, South Korea, Vietnam), Europe
(Austria, Bulgaria, Czech Republic, Hungary, Poland, Russia, Spain,
Ukraine), Oceania (New Zealand).

°Asia (Bangladesh, China, Japan, Taiwan), Europe (Germany, Poland,
Russia, UK, Uzbekistan), North America (USA), South America (Brazil).

name E. echinatum, actually E. trivolvis) was first documented
in 1888 [106] followed by others in 1895 [107] and 1896
[108]. In the first document, the specimen was found in musk-
rats from Pennsylvania [19,42], and the next documents were
about findings from rabbits and chickens, respectively [107,108].
In 1937, Beaver [19] reported E. revolutum from experimentally

infected birds and mammals, and Fried and coworkers per-
formed extensive works thereafter (more than 70 studies dur-
ing 1968-1988) under the name E. revolutum [7]. However,
Kanev [4,20] mentioned that E. revolutum of Beaver [19] and
all other North American literature dealing with E. revolutum
until 1988 were supposed to have been E. trivolvis.

The true existence of E. revolutum in North America was first
confirmed by Sorensen et al. [86] who found naturally infect-
ed freshwater snails Lymnaea elodes shedding 37-collar-spined
cercariae in Indiana, USA. They experimentally infected vari-
ous snail species to obtain the metacercariae, which were given
to chicken and geese to obtain the adult flukes. Sorensen et al.
[87] notified intraspecific variation in ITS loci sequences
among isolates of E. revolutum (North American and Europe-
an) and also E. trivolvis (different localities in Indiana). The ex-
istence of E. revolutum in North America was again confirmed
by Detwiler et al. [31,42] through molecular analysis of ITS re-
gion, cox1, and nadl loci. In addition, Detwiler et al. [31] re-
ported that both lymnaeid and planorbid snails can serve as
the first intermediate host of E. revolutum and E. trivolvis in
USA. Detwiler et al. [42] also confirmed that E. revolutum can
infect a mammalian host, the muskrat in USA. Phylogenetic
trees based on mitochondrial cox1 (Fig. 1) and nadl (Fig. 2)
sequences of 7 and 14 Echinostoma species, respectively, show
their phylogenetic relationships.

The nad1 sequence variation among the “E. revolutum group”
indicated that E. revolutum haplotypes from Europe formed a
monophyletic group which clustered closely with a monophy-
letic group of isolates from North America [45]. In Asia, mo-
lecular genetic studies were conducted on E. revolutum in com-
parison with Hypoderaeum conoideum, Echinoparyphium recurva-
tum, and Artyfechinostomum malayanum (under the name Echi-
nostoma malayanum) using multilocus enzyme electrophoresis
and sequencing of ITS1 and cox1 [52,53,109,110]. However,
isolates from Southeast Asia were not included in the study of
Georgieva et al. [45] due to the lack of nad1 data [72]. Subse-
quently, it was found that E. revolutum from Southeast Asia
(Thailand and Lao PDR) clustered as a monophyletic clade
with the European isolates, named as “Eurasian lineage”, and
this was distinct from the American isolates, which was named
as “American lineage” [72]. This nad1-based genetic variation
of E. revolutum according to geographical locations has been
supported by an analysis of cytochrome B (CYTB) gene [75].
Mohanta et al. [46] accepted the 2 genetic lineages of E. revolu-
tum using 1TS2 and nad1 sequences. However, Buddhachat
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Table 5. Characteristics of Echinostoma revolutum in comparison with closely related species®

E. revolutum E. lindoense

E. miyagawai E. robustum E. trivolvis

Definitive host birds, mammals mammals

1st intermediate host

snails snails
No. of outlets of 6 6
penetration gland-cells
(cercaria)
No. of outlets of 12 60-64
paraesophageal

gland-cells (cercaria)

Size of metacercariae
()
Collar spines (adult)

132-152 (diameter) 120-130 (in diameter)

slender and sharply
pointed

short and less sharply
pointed

constricted at middle
level of ventral

Body constriction near  no constriction

the ventral sucker level

(adult) sucker
Shape of testes (adult)  smooth or slightly deeply lobed
lobed
Vitellaria confluence near not confluent confluent

the posterior end of
body (adult)

lymnaeid and planorbid lymnaeid and planorbid lymnaeid and planorbid

constricted at posterior

birds

lymnaeid snails

birds, mammals birds, mammals

lymnaeid and planorbid

snails snails
6 ? 6
42-46 ? 4-6
144-154 (in diameter) ? 135-170 (in diameter)

small with sharply
pointed ends

innermost end group
spines smaller than
others

very sharply pointed

constricted at posterior no constriction

end level of ventral end level of ventral

sucker sucker
subglobular and irregularly lobed and smooth, oval orslightly
indented, 3 lobed horizontally extended irregular
confluent confluent confluent

0ther closely related species include E. cinetorchis (reduced number and abnormal location of testes), E. mekongi (remarkably variable in body shape
and morphology of testes, i.e., globular, slightly or deeply lobed; smaller head collar, collar spines, oral and ventral suckers, and cirrus sac compared
to E. revolutum and E. miyagawai; vitellaria not confluent), E. paraensei (dorsalmost collar spines smaller than others), and E. paraulum (slight median

indentation in 2 testes).

and Chontananarth [111] used DNA barcoding of cox1 and
nadl in combination with high-resolution melting analysis to
identify E. revolutum and found that the E. revolutum clade of
nadl phylogeny obtained from the Thai isolate formed a dif-
ferent lineage from the Furasian lineage. Thus, the nad1 phylo-
genetic tree revealed 3 lineages of E. revolutum; Asian, Eurasian,
and American lineages [111]. The complete mitochondrial ge-
nome (17,030 bp) of E. revolutum was obtained and character-
ized by Le et al. [112] in comparison with 9 echinostome spe-
cies, including E. caproni, E. miyagawai, and E. paraensei. They
concluded that E. revolutum grouped in a monophyletic sub-
clade as a sister taxon to E. miyagawai and paraphyletic to oth-
er echinostomatids in the Echinostomatidae [112]. A multi-
plex PCR technique targeting the nadl gene has been devel-
oped for differential detection of 4 medically important echi-
nostome species, including E. revolutum [113].

After E. miyagawai was first described from domestic fowls
and domestic and wild ducks in 1932 in Japan [114], Beaver
[19] raised synonymy of E. miyagawai with E. revolutum. Yama-
guti [1,97] accepted this synonymy but Russian researchers, in-
cluding Bashikirova [96] and Skrjabin and Bashikirova [32],
denied the synonymy. Kosupko [115,116] was the first who ap-

plied complex morphological and ecological approaches to
distinguish E. revolutum and E. miyagawai and validated the 2
species as separate taxa on the basis of their morphological
differences in cercariae and adults, ontogenic development,
first intermediate and final host preferences, and their distribu-
tion in the host intestine. Nevertheless, Kanev [4] denied the
validity of E. miyagawai and synonymized it with E. echinatum.
Kostadinova et al. [21] re-validated E. miyagawai to be distinct
from E. revolutum and E. echinatum of Kanev [1,20] on the ba-
sis of experimental completion of its life cycle. According to
them, the adult worms of E. miyagawai were characterized by
having a very elongate body with a constriction at the posteri-
or border of the ventral sucker (no constriction in E. revolutum),
a large head collar with relatively small collar spines (larger col-
lar spines in E. revolutum), a spherical ventral sucker which is
only about half the maximum body width (larger ventral suck-
er in E. revolutum), a long cirrus-sac reaching posteriorly to the
middle of the ventral sucker (to the anterior border of ventral
sucker in E. revolutum), indented subglobular testes (globular
or slightly lobed in E. revolutum), and vitellaria forming 2 lat-
eral fields of follicles which are almost confluent in the post-
testicular space (not confluent in E. revolutum) [21] (Table 5).
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In addition, they [36] suggested 5 morphometric variables to
distinguish E. miyagawai from E. revolutum, which included
body width at posterior border of the ventral sucker, head col-
lar width, length of the esophagus, width of the ventral sucker,
and length of the pre-ovarian region.

Echinostoma acuticauda Nicoll, 1914

This species was originally described from a bird (straw-
necked ibis Carphibis spinicollis) in North Queensland, Austra-
lia [93]. It was put to a synonymy with E. revolutum as a syn-
onym inquirenda by Beaver [19]; however, this synonymy has
not been followed by succeeding authors, for example, Mend-
heim [95], Jones and Anderson [23], Georgieva et al. [24], and
Memon et al. [67]. This species is morphologically close to E.
novaezealandense described from New Zealand but has a short-
er forebody, more anteriorly located ovary and testes, and
much larger eggs [24]. However, the taxonomic status of E.
acuticauda should be re-evaluated by detailed morphological
as well as molecular studies in the near future.

Echinostoma barbosai Lie & Basch, 1966

E. barbosai was originally described from pigeons, chicks,
and ducklings experimentally infected with the metacercariae
from Biomphalaria glabrata snails in Brazil [117]. This species
resembled E. audyi (a synonym of E. revolutum) but was small-
er in size of adults and different in cercarial characteristics and
the first intermediate host [117]. E. barbosai was also found in
Bulgaria by Kanev group [118]. However, Mutafova and Kanev
[119] synonymized this species with E. echinatum, because the
karyotype of E. barbosai was completely corresponded to that
of E. echinatum. This synonymy was agreed by Huffman and
Fried [7] and Fried and Graczyk [8]. However, Kostadinova
and Gibson [26] doubted the status of both species, E. echina-
tum and E. barbosai. Meanwhile, Latin American authors con-
tinue to use the name E. barbosai [27,30,120,121]. Under this
situation, the name E. barbosai should be retained until further
confirmatory studies with molecular data are provided.

Echinostoma bolschewense (Kotova, 1939) Nasincova,
1991

This species originates from Cercaria bolschewensis Kotova,
1939 shed from prosobranch snails in the Furopean part of
Russia [122]. Later, the adult fluke, named as E. bolschewense,
was collected from the small intestine of experimentally in-
fected hamsters through a life cycle study in South Bohemia,

Czech Republic [122]. Kanev [4] and Kanev et al. [5] regarded
this species a synonym of E. jurini. However, Georgieva et al.
[10] studied on nad1 and 28S rDNA sequences of E. bolschew-
ense in the cercarial stage from Slovak Republic and found that
E. bolschewense is genetically distinct from E. revolutum, E. triv-
olvis, E. caproni, E. paraulum, and E. miyagawai (but molecular
data of E. jurini are yet unavailable). In addition, Faltynkova et
al. [11] analyzed the differential morphological features of lar-
val and adult stages of E. bolschewense in comparison with
those of E. juri reported by Kanev et al. [5] and acknowledged
the validity of E. bolschewense. However, they did not place E.
jurini in synonymy with E. bolschewense. To re-validate the 2
closely related species, E. bolschewense and E. jurini, compara-
tive molecular studies are required.

Echinostoma caproni Richard, 1964

[syn. Echinostoma liei Jeyarasasingam et al., 1972; Echinosto-
ma togoensis Jourdan & Kulo, 1981]

This echinostome was originally reported from the small in-
testine of naturally infected birds (kestrels; Falco newtoni) and
a domestic fowl experimentally infected with the metacercari-
ae in a freshwater snail Bulinus liratus in Madagascar [80]. The
cercariae (under the name E. liei) were also found in Biomphal-
aria alexandrina snails collected in Egypt which were experi-
mentally infected to B. glabrata and other snail species to ob-
tain the metacercariae and then to chicks and hamsters to ob-
tain the adult flukes [83]. This echinostome was also reported
in Togo (under the name E. togoensis) which developed into
rediae in Biomphalaria pfeifferi, metacercariae in aquatic pul-
monate snails, and adults in laboratory mice [84]. The synon-
ymy of E. liei and E. togoensis with E. caproni was proposed by
Huffman and Fried 7] and Fried and Huffman [85] which
was followed by other workers [3,26]. In addition, Kanev [20],
Huffman and Fried [7], and Christensen et al. [100] synony-
mized E. paraensei with E. caproni. However, Sloss et al. [34]
and Morgan and Blair [35] suggested that E. paraensei is dis-
tinct from E. caproni based on different isoenzyme electropho-
retic patterns and DNA sequences of ITS region. E. caproni was
studied also under the name of E. revolutum by many workers,
including Barus et al. [123], Christensen [124], Christensen et
al. [125-128], Bindseil and Christensen [129], and Simonsen
and Andersen [130] as mentioned by Fried and Huffman [85].

The molecular data (cox1 and nad1) of E. caproni have been
available by Morgan and Blair [35,41,105] and Macilla [72]. E.
caproni was phylogenetically close to E. trivolvis as shown by
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cox1 sequences [72]. Cytochrome B gene was also found to be
useful to differentiate African E. caproni from South American
E. paraensei and Asian E. revolutum [75].

Echinostoma chloephagae Sutton & Lunaschi, 1980

E. chloephagae was first discovered from the rectum of a bird
Chloephaga picta melanoptera in Argentina [131]. This species
continued to be recorded from naturally infected birds, includ-
ing C. picta leucoptera, in Argentina [29]. Metacercariae of
seemingly E. chloephagae were detected in a bivalve species Di-
plodon chilensis in Argentina, and adult flukes were obtained
from experimentally infected chickens with the metacercariae
[30]. The taxonomic validity of this species in comparison
with other 37-collar-spined Echinostoma spp. should be evalu-
ated in the near future, through morphological as well as mo-
lecular studies.

Echinostoma cinetorchis Ando & Ozaki, 1923

This echinostome (Fig. 3) was originally described based on
specimens recovered from the small intestine of wild rats in
Japan by Ando and Ozaki [59], and redescribed by Dollfus
[132] in French. Kurisu [69] and Sugimoto [133] found this
echinostome in the intestine of domestic fowls in Japan and a
dog in Taiwan, respectively. Tanabe and Takeishi [134] report-
ed a low prevalence (1.65%) of E. cinetorchis in rats Rattus nor-
vegicus captured around Tokyo, Japan. In South Korea, this
echinostome was reported from wild rats [135,136] and dogs
[137]. Its life cycle was successfully completed in the laborato-
1y using Hippeutis cantori snails as the source for cercariae and
metacercariae [61]. Human infection with E. cinetorchis was
first reported in Japan [138-140], and then in Korea [60,141-
144]. Now, it is well known as a zoonotic echinostome infect-
ing humans, rodents, and poultries in Asian countries, includ-
ing Japan, South Korea, China, Taiwan, Indonesia, and Viet-
nam [3,92,145-148].

Beaver [19] synonymized E. cinetorchis with E. revolutum
based on their morphologic similarities, including the number
of collar spines (n=37) and dimensions of internal organs
and eggs. However, this synonymy was not justified by other
workers due to various reasons, including, in particular, the
unique feature of E. cinetorchis having testes that move to ab-
normal locations and even disappear from the body during
the worms grow up to be adults (Table 5) as well as differences
in selecting the snail host [1,3]. This species is thought to re-
produce parthenogenetically without testes and sperms. Now

E. cinetorchis is acknowledged as a distinct species [2,3,92,149].

In 2016, nadl sequences of E. cinetorchis were deposited
based on materials (adult flukes) obtained from South Korea
by Lee et al. (to be published) in GenBank; the sequences are
unique and clearly separated from those of E. revolutum Eur-
asian and American lineages.

Echinostoma deserticum Kechemir, Jourdane & Mas-
Coma, 2002

E. deserticum was described as a new species from the small
intestine of the African grass rat Arvicanthis niloticus from Niger
[43]. The majority of adult flukes do not have testes; some
have only 1 testis and very rarely 2 testes [43] which is highly
similar to E. cinetorchis. This species is thought to reproduce
parthenogenetically without testes and sperms [43]. Sporo-
cysts and rediae were isolated from Bulinus truncatus and B. glo-
bosus snails from south of Algeria and Niger [43].

Molecular studies on this species were done under the name
of Echinostoma sp. I from Niger by Morgan and Blair [35,41,105]
in 1995 before it was formally described as a new species in
2002. The sequences of ITS region and mitochondrial cox1
and nad1 loci indicated that E. deserticum is the most distinct
in comparison with other 37-collar-spined echinostomes, in-
cluding E. revolutum, E. trivolvis, E. paraensei, and E. caproni (also
E. liei and Echinostoma sp. 11) [35,41,87,105]. In addition, the
nadl sequence of E. deserticum appears to be markedly differ-
ent from that of the morphologically similar species, E. cinetor-
chis, deposited in GanBank, with sequence homology of only
84.7%.

Echinostoma echinatum (Zeder, 1803) de Blainville, 1828

[syn. Echinostoma londonensis Khan, 1961]

E. echinatum was described in 1803 under the name Distoma
echinatum from birds and mammals (?) in Germany, with de-
tailed descriptions of collar spines [4,150]. A year before
(1802), Fasciola revoluta (=E. revolutum) was described by Froe-
lich from birds in Germany [4]. In 1809, Rudolphi erected a
subgeneric group Echinis (Echinostoma) within the genus Disto-
ma and placed E revoluta as the type species [4]. After Rudolphi,
however, E revoluta was out of use, and its function as the type
species was replaced by Distoma echinatum Zeder, 1803 [4].
Practically almost all 37-collar-spined echinostomes found in
Europe from Rudolphi in 1809 until Dietz in 1909 were diag-
nosed as D. echinatum [4]. However, Dietz [16,17] restored the
validity of E revoluta renaming it as E. revolutum in his systemat-
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ic reorganization of the echinostomatid flukes and synony-
mized D. echinatum with E. revolutum. A list of adult and larval
worms described under the name D. echinatum was transferred
to E. revolutum by Dietz [4]. Thereafter, over 500 articles dealing
with this echinostome have described the species name as E.
revolutum [4]. Beaver [19], Mendheim [95], Bashikirova [96],
Skrjabin and Bashikirova [32], and Yamaguti [1,97] followed
this synonymy, and the name E. echinatum disappeared for
some time.

Later, however, E. echinatum was revived by Kanev [4,20]
and Kanev et al. [5,33] based on various differential characters
from E. revolutum and E. jurini; for example, E. echinatum took
both lymnaeid and planorbid snails as the first intermediate
host, whereas E. revolutum and E. jurini took only lymnaeid
and viviparid snails, respectively. The definitive host of E. echi-
natum was birds and mammals, including humans, whereas E.
revolutum infected only avian hosts, and E. jurini infected only
mammalian animals [5]. The 3 species also differed in the cer-
carial chaetotaxy and developmental period of eggs and cer-
cariae [5,33]. The validity of E. echinatum was supported by
other workers, including Schuster [99], Christensen et al. [100],
Huffman and Fried [7], and Fried and Graczyk [8].

However, some of the differential characters suggested above
were denied by succeeding authors; for example, it turned out
that E. revolutum can infect mammalian hosts too, i.e, musk-
rats in USA, based on molecular analysis of nadl sequences
[42]. In addition, E. revolutum can take both lymnaeid and
planorbid snails as the first intermediate host in USA [31,42].
Moreover, Kostadinova [151] criticized Kanev and coworkers’
report of E. echinatum (sensu Kanev [4,20] and Kanev et al.
[33]) stating that re-examination of the voucher specimens
identified by Kanev et al. [33] as E. echinatum showed 2 other
distinct species; Echinostoma sarcinum Dietz, 1909 possessing
47 collar spines and Echinostoma sp. (E. echinatum?) with 37
collar spines.

Regarding E. lindoense, its geographical distribution was re-
ported to extend from the original Asian countries (Indonesia
and Malaysia) to Brazil [152], Poland, Czechoslovakia (now
Czech Republic and Slovak Republic) [153], and Spain [154].
Based on this, Kanev [4] described that E. echinatum is distrib-
uted in different geographical regions of Asia, South America,
and Europe, including Germany, where E. echinatum was origi-
nally described. However, Kostadinova and Gibson [26]
doubted the synonymy of E. lindoense with E. echinatum be-
cause of the remarkable differences in the cercarial morpholo-

gy. Moreover, the validity of E. echinatum remains to be re-vali-
dated because E. echinatum has not been formally described in
a taxonomic publication [10,11,45]. In GenBank, molecular
data under the name E. echinatum is so far unavailable and
should be provided in order to re-validate its taxonomic status.
Because of the unique cercarial and adult worm morphology
(see E. lindoense section), the name E. lindoense should be re-
tained until molecular data in comparison with E. echinatum
(currently unavailable) become available.

Echinostoma jurini (Skvortsov, 1924) Kanev, 1985

[syn. Echinostoma orlovi Romashov, 1966; Echinostoma sisja-
kowi (Skvortsov, 1935) Yamaguti, 1971]

E. jurini was originally described under the name Cercaria
jurini based on cercariae shed from viviparid snails collected
along the Volga River in Russia [5]. Nasinkova [122] stated
that the description of C. jurini Skvortsov, 1924 was so inaccu-
rate and incomplete that it cannot be considered a description
of a species. Later, this species was redescribed by Kanev [20]
and Kanev et al. [5] based on larvae and adults obtained ex-
perimentally starting from naturally infected Viviparus contectus
and V. viviparus snails collected along the Danube River in Bul-
garia. The metacercariae were obtained from the renopericar-
dial sac of laboratory-raised snails, Physa acuta and P. fontinalis
after exposure to the cercariae, and adults were recovered from
experimental hamsters, rats, and mice [5]. The morphology of
adult flukes closely resembled that of E. revolutum; however,
Kanev [4] and Kanev et al. [5] validated this species because of
differences in selecting intermediate and definitive hosts and
differences in the morphology of cercariae. They stated that E.
jurini infects viviparid snails and mammals, whereas E. revolu-
tum infects lymnaeid snails and avian hosts. They put a variety
of echinostome species in possible synonymy with E. jurini,
which included E. orlovi Romashov, 1966, Echinostoma sisjakowi
(Skvortsov, 1934) Yamaguti, 1971, and Echinoparyphium sisja-
kowi (Skvortsov, 1934).

The validity of E. jurini was acknowledged by Kostadinova
and Gibson [26], Fried and Graczyk [8], and Toledo et al. [9].
However, Kostadinova and Gibson [26] criticized that the con-
clusions made by Kanev et al. [5] that “Practically, all 37-collar-
spined adults of Echinostoma spp. in mammals in Europe (in-
cluding E. bolschewense) might be identical with E. jurini.” ap-
peared to be an overestimate of the degree of morphological
variability in the absence of an experimental support. More-
over, Georgieva et al. [10] obtained nad1l and 28S rDNA se-
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quences of E. bolschewense adults originating from Viviparus ac-
erosus snails in the river Danube, Slovak Republic and found
that E. bolschewense is genetically distinct from E. revolutum, E.
trivolvis, E. caproni, E. paraulum, and E. miyagawai. However,
molecular data of E. jurini have not yet been reported [72].
Faltynkova et al. [11] analyzed differential morphological fea-
tures of larval and adult stages of E. bolschewense in compari-
son with those of E. juri reported by Kanev et al. [5]. The cer-
cariae of E. jurini had 6 outlets for the penetration gland-cells
and 8-10 outlets for the paraesophageal gland-cells on the dor-
sal lip of the oral sucker [5]; however, the cercariae of E.
bolschewense possessed 10 outlets for the penetration gland-
cells (6 median and 4 medio-lateral) and lacks paraesophageal
gland-cells [11]. Furthermore, the adults of E. bolschewense had
much larger eggs (138-162 x 75-85 pm) than those of E. jurini
(96-132x72-88 pm) [11]. Based on these characters, they de-
nied the synonymy raised by Kanev et al. [5] giving remarks
on the validity of E. bolschewense. They neither placed E. jurini
in synonymy with E. bolschewense. To re-validate these 2 closely
related species comparative molecular studies seem to be ur-
gently needed.

Echinostoma lindoense Sandground & Bonne, 1940

This species was first described from human patients in the
Lake Lindoe region of Central Celebes, Indonesia [63]. This
echinostome was also discovered from humans in Jakarta, In-
donesia and then animals, including rats in Malaysia, Thailand,
and the Philippines [155-157]. An echinostome species similar
in their morphology and biology to E. lindoense was also found
in Brazil [152] and European countries, including Bulgaria, Po-
land, Czech Republic, Slovak Republic, Germany, Austria, UK,
and Russia [153,158]. However, the E. lindoense reported from
Europe and South America needs reconfirmation through mo-
lecular analysis with Asian (Indonesian) species.

The major differential points of E. lindoense from E. revolu-
tum included morphology of larval stages (particularly the cer-
cariae) and adults; in cercariae E. lindoense had 2 dorsal, 2 ven-
tral, and 2 small ventrolateral tail fin-folds, whereas E. revolu-
tum had only 1 small dorsal fin-fold near the tip of the tail
[158]. In addition, the testes of E. lindoense in adults were
deeply indented (Asian strain) or superficially lobed (Brazilian
strain; this needs re-evaluation), but those of E. revolutum are
smooth or only slightly lobated [4,152] (Table 5). E. lindoense
has shorter and wider collar spines than E. revolutum which
has longer and slender collar spines with more or less pointed

ends [103].

The larval and adult stages of E. lindoense were morphologi-
cally and biologically similar to those of E. echinatum originat-
ing from Germany, and thus E. lindoense was synonymized
with E. echinatum by Kanev and coworkers [4-6,20,33]. This
synonymy was accepted by Huffman and Fried [7], Fried and
Graczyk [8], Toledo et al. [149], and Toledo and Esteban [148].
However, Kostadinova and Gibson [26] and Kostadinova et al.
[21,36] questioned about the taxonomic validity of E. echina-
tum, because of its many uncertain points, for example, a wide
range (more than 20) of the number of paraesophageal gland-
cell outlets in cercariae, and E. echinatum has not been proper-
ly reported as a taxonomic publication. The questionable sta-
tus of E. echinatum was agreed in subsequent publications, in-
cluding Georgieva et al. [10,45] and Faltynkova et al. [11]. Un-
fortunately, E. lindoense has not yet been molecularly analyzed.
Chai [3] tentatively acknowledged the validity of E. lindoense.

Echinostoma luisreyi Maldonado, Vieira & Lanfredi, 2003

E. luisreyi Maldonado et al., 2003 was originally described
from mice and hamsters experimentally infected with meta-
cercariae from Physa marmorata and B. glabrata snails in Brazil
[44]. The most important morphological character of this spe-
cies was the oral corner spines that increase in size from the
latero-oral to the ventro-oral regions [44]. Later, a rodent spe-
cies, Akodon montensis, was found to be a natural definitive
host [159]. Fried and Graczyk [8], Toledo et al. [9], and Geor-
gieva et al. [10] recognized this species to be distinct among
the 37-collar-spined E. revolutum group, and Pinto and Melo
[27] mentioned about the cercariae of this species that
emerged from P. marmorata snails in Brazil. This echinostome
might have been zoonotic 600-1,200 years ago in Brazil, since
eggs morphologically suggestive of E. luisreyi were found from
the coprolites of human mummies [160]. Another report sug-
gesting E. luisreyi or E. paraensei infection in a mummified
body (520-600 years before present) of a human in Brazil
mentioned that the eggs in coprolites were morphologically
similar to E. [uisreyi but molecularly (cox1 gene; 83 bp) closer
to E. paraensei [15]. Molecular data of E. luisreyi are not yet
available in GenBank.

Echinostoma mekongi Cho, Jung, Chang, Sohn, Sinuon
& Chai, 2020

E. mekongi (Fig. 3) was reported based on adult flukes recov-
ered from human infections after praziquantel treatment and
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purging in Kratie and Takeo Province, Cambodia along the
Mekong River, which is molecularly distinct from E. revolutum
and 13 other 37-collar-spined Echinostoma spp. deposited in
GenBank [49]. Adults of this species were 9.0-13.1 in length
and 1.3-2.5 mm in maximum width and the eggs in feces and
worm uterus were 98-132 pm long and 62-90 pm wide [49].
The adult worms closely resembled those of E. revolutum, E.
miyagawai, and several other 37-collar-spined Echinostoma spe-
cies [49]. However, this species revealed remarkable variation
in body shape and morphology of the testes (globular, slightly
or deeply lobed), and smaller head collar, collar spines, oral
and ventral suckers, and cirrus sac compared to E. revolutum
and E. miyagawai |49] (Table 5). Sequencing of 2 mitochon-
drial genes (nad1 and cox1) and a nuclear ITS region (ITS1-5.8S
TRNA-ITS2) revealed unique features distinct from E. revolutum
(Southeast Asian, Eurasian, European, and American lineages)
and other 37-collar-spined Echinostoma group available in
GenBank (E. bolschewense, E. caproni, E. cinetorchis, E. miyaga-
wai, E. nasincovae, E. novaezealandense, E. paraensei, E. paraulum,
E. robustum, E. trivolvis, and Echinostoma sp. 1G) [49]. Studies
on biological and epidemiological characteristics, including
the life cycle, geographical distribution, and source of human
infections, are urgently needed [49].

Echinostoma miyagawai Ishii, 1932

[syn. Echinostoma friedi Toledo, Munoz-Antoli & Esteben,
2000]

This species was first described from domestic fowls, domes-
tic ducks, and wild ducks in Japan [114]. Later, an experimen-
tal human infection was found successful in China [12]. Bea-
ver [19] synonymized E. miyagawai with E. revolutum because
of their morphological similarities, including the size and ar-
rangement of collar spines, morphology of 2 testes, and size of
the oral and ventral suckers, pharynx, and other internal or-
gans. Yamaguti [1,97] accepted this synonymy. However, Rus-
sian researchers, including Bashikirova [96] and Skrjabin and
Bashikirova [32], denied this synonymy. In particular, Kosupko
[115-116] applied complex morphological and ecological ap-
proaches to distinguish E. revolutum and E. miyagawai and vali-
dated the 2 species on the basis of their morphological differ-
ences in the cercariae and adults, ontogenic development, first
intermediate and final host preferences, and their distribution
in the host intestine. Opposed to this, Cooper [161] and Kanev
[4] denied the validity of E. miyagawai and synonymized it
with E. revolutum or E. echinatum, respectively. Later, however,

Kostadinova [162] and Kostadinova et al. [21,36] re-validated
E. miyagawai on the basis of unique cercarial chaetotaxy and
morphometric data of E. miyagawai in comparison with E. rev-
olutum through experimental completion of its life cycle. The
adult worms of E. miyagawai were characterized by a consider-
ably elongate body with a constriction at the posterior border
of the ventral sucker, a large head collar with relatively small
collar spines, a spherical ventral sucker which is only about
half the maximum body width, a long cirrus-sac reaching pos-
teriorly to the middle of the ventral sucker, indented subglob-
ular testes, and vitellaria forming 2 lateral fields of follicles
which are almost confluent in the post-testicular space [21]
(Table 5). In addition, Kostadinova et al. [36] suggested 5
morphometric variables to distinguish E. miyagawai from E.
revolutum, which included body width at the posterior border
of ventral sucker, head collar width, length of esophagus,
width of ventral sucker, and length of the pre-ovarian region.
Fried and Graczyk [8] and Toledo et al. [9] acknowledged the
taxonomic validity of this species. E. friedi reported as a new
species by Toledo et al. [39] in 2000 was synonymized with E.
miyagawai based on morphological data by Faltynkova et al.
[11].

Molecular data (nadl and 28S rRNA) of E. miyagawai have
been available since Georgieva et al. [10]. The nadl analysis
showed that E. miyagawai is in a distinct clade clearly separated
from E. revolutum (sensu stricto; European), E. revolutum
(American lineages), E. paraulum, and E. caproni [10]. This E.
miyagawai clade incorporates E. friedi reported in GenBank by
Marcilla et al. (AJ564379, Valencia, Spain) [10] and E. revolu-
tum German strain (AF065832) by Morgan and Blair [41,105].
Nagataki et al. [72] found that E. miyagawai from Southeast
Asia was monophyletic with European isolates, named as
“Furasian lineage”, which was slightly different from “Austra-
lian lineage” with no significant genetic differentiation being
observed between these lineages. Fu et al. [73] and Li et al. [74]
obtained the complete mitochondrial genome of E. miyagawai
(Hunan isolate or Heilongjiang isolate, China) which was
14,416 or 14,468 bp in size and consisted of 12 protein-cod-
ing genes, 22 transfer RNA genes, 2 ribosomal RNA genes, and
1 non-coding region. Mohanta et al. [46] suggested a synony-
my of E. robustum, E. miyagawai, and E. friedi based on nad1 se-
quence analysis. However, Heneberg [47] did not agree to this
synonymy but suggested that G1-G11 isolates from Bangla-
desh designated as E. robustum were in fact E. miyagawai. The
taxonomic validities of both E. miyagawai and E. robustum have
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been acknowledged by various workers [21,31,36,42].

The geographical distribution of E. miyagawai has been ex-
tended from Japan [163] to South Korea [64,65], Russia [164],
China [12,73,74], Vietnam [165], Thailand, Lao PDR [72], Bulgar-
ia [21,36,162], Austria and Hungary [166], Poland [167], Spain
(under the name of E. friedi) [39], Czech Republic [11], and New
Zealand [24] (Table 4).

Echinostoma nasincovae Faltynkova, Georgieva,
Soldanovéa & Kostadinova, 2015

[syn. Echinostoma spiniferum (La Valette, 1855) sensu Nasin-
cova, 1992; Echinostoma revolutum of Nasincova, 1986]

Nasincové |168] described the life cycle of an echinostome
species she believed to be E. revolutum in Central Europe,
which she had completed in the laboratory based on cercariae
from Planorbarius corneus snails [11]. Later, she recognized that
the cercariae described from P. corneus differs from the cercari-
ae of E. revolutum in the pattern of paraesophageal gland-cells
and used the name Echinostoma spiniferum in her Ph.D. thesis
in 1992 [11]. Later, Georgieva et al. [10] described a new spe-
cies of Echinostoma (named as Echinostoma n. sp.) based on
molecular dataset of nadl and 28S rDNA sequences during
the analyses of 37-collar-spined Echinostoma spp. in Europe.
This Echinostoma n. sp. formed a unique genetic clade neigh-
bored with E. paraensei and 3 lineages (A-C) of E. trivolvis
[31,42] and remotely joined by 3 isolates of E. caproni [10].
Faltynkova et al. [11] described this as a new species, E. nasin-
covae, synonymizing E. revolutum of Nasincova [168] and E.
spiniferum (La Valette, 1855) sensu Nasincova, 1992 with E.
nasincovae. They [11] described that its snail intermediate host
is P. corneus, the definitive host is experimental hamsters, and
the geographical localities included Czech Republic and Slo-
vak Republic. In 2008, Faltynkova et al. [166] found Gyraulus
albus, P. corneus, Planorbis planorbis, and Bathyomphalus contortus
from Czech Republic, Slovak Republic, Germany, and Poland
acting as the snail hosts for E. spiniferum (synonym of E. nasin-
covae). Schwelm et al. [169] also listed G. albus as a snail host
for E. nasincovae.

The cercariae of E. nasincovae differed from the cercariae of
other species of Echinostoma within the ‘revolutum’ group in
small body size, 6 ducts of penetration gland-cells opening on
the dorsal lip of the oral sucker, and 30-39 outlets of parae-
sophageal gland-cells, of which 8 are located in the region of
the oral sucker and 22-31 are confined to the area between
esophagus and the dilated portion of the main collecting ex-

cretory ducts [11]. The adult of E. nasincovae was most similar
to E. revolutum and E. bolschewense. However, compared with E.
revolutum, E. nasincovae had smaller body and organs, smaller
angle, lateral, and dorsal collar spines, and smaller eggs [11].
Compared with E. bolschewense, E. nasincovae had smaller body
length and width, smaller egg length, smaller lateral and dor-
sal spine length, and smaller ovary and testes [11].

Echinostoma novaezealandense Georgieva, Blasco-
Costa & Kostadinova, 2017

In 1998, Morgan and Blair [41] discovered an unidentified
37-collar-spined Echinostoma sp. adults (NZ-Ad) from the gut
of a wild Canada goose (Branta canadensis) in New Zealand.
This isolate (AF026289) was molecularly distinct from E. revo-
Iutum and E. paraensei based on the sequence of nad1 gene [41].
Later, the same flukes were recovered from the small intestine
and rectum of 2 avian species, a wild duck (Anas platyrhynchos)
and a black swan (Cygnus atratus), in Central Otago District,
New Zealand, and morphological and molecular studies (nad1
and 28S rDNA) were performed |24]. The nad1 sequences of 2
isolates from the ducks (KY436398 and KY436399) and 1 iso-
late from the swan (KY436397) revealed strong association
with that of NZ-Ad (AF026289) of Morgan and Blair showing
a unique position in the phylogenetic tree neighboring with E.
miyagawai, E. paraulum, and E. robustum/friedi lineages [24].
The 28S rDNA sequence of 1 isolate from the swan (KY436407)
also revealed a unique position neighboring with E. miyaga-
wai, E. paraulum, E. revolutum, Echinostoma sp. 1G, E. trivolvis, E.
paraensei, and E. nasincovae [24]. Thus, the adult specimens
were described as a new species, E. novaezealandense [24]. This
species was morphologically close to E. acuticauda described in
Australia but differed in having a longer forebody, more poste-
riorly located ovary and testes, and much smaller eggs [24].
This species is now listed among the helminth fauna of birds
in New Zealand [170].

Echinostoma nudicaudatum Nasir, 1960

This species was first described from the intestine of experi-
mental pigeons infected with the metacercariae from L. stagna-
lis snails in Birmingham, UK [171]. The species name came
from the fact that the cercariae had no fin-folds on the tail
[171]. The cercariae of E. revolutum have a fin-fold on the tail,
rod-like cystogenous gland-cells, and 36 (possibly more) flame
cells, but those of E. nudicaudatum were in the complete lack
of a fin-fold on the tail, granular gland-cells in the cercarial



Chai et al.: E. revolutum and 37-collar-spined echinostomes 361

body, and at least 94 flame cells [171]. The adults of E. nudi-
caudatum differed from those of E. revolutum, E. robustum, and
E. lindoense in the absolute sizes of collar spines, and from E.
ralli in the arrangement of collar spines [171]. Interestingly, in-
tra-redial encystment of the cercariae (i.e., metacercariae) was
observed within the rediae of E. nudicaudatum, which means
precocious encystment in snails [172,173], as observed simi-
larly in E. trivolvis [6].

During the experimental life cycle, production of at least 3
redial generations was observed [172]. A year after the discov-
ery of E. nudicaudatum, E. pinnicaudatum (the name came from
the cercariae having a well-developed dorso-ventral fin-fold)
was reported as a new species, from the same place where E.
nudicaudatum was discovered [174]. In adult flukes, only a mi-
nor difference was found in the arrangement of collar spines
between E. nudicaudatum and E. pinnicaudatum; in the former
there were 7 unalternating lateral spines but in the latter there
were 5 unalternating collar spines [174]. The cercariae of these
2 species were recorded among the cercarial fauna from British
freshwater molluscs [175]. However, taxonomic attention has
seldom been paid to these 2 species of Echinostoma spp., and
further studies to evaluate their taxonomic validity through
molecular analysis are needed.

Echinostoma paraensei Lie & Basch, 1967

This species was originally described from Brazil based on
experimentally obtained adults from mammalian hosts, in-
cluding hamsters, mice, and rats infected with the metacercari-
ae from B. glabrata snails [176]. Later, this fluke was detected
from naturally infected water rats, Nectomys squamipes, in Brazil
[89,90]. It is of note that the eggs of E. paraensei (less probably
E. luisreyi) were detected in the coprolite of a mummified hu-
man body in Brazil using molecular techniques [15].

The adult E. paraensei resembled adults of E. revolutum, E.
lindoense, and E. barbosai; however, the minute size of 5-11 dor-
salmost collar spines was characteristic for E. paraensei [176]
(Table 5). Kanev |20] considered E. paraensei a synonym of E.
caproni based mainly on the fact that E. paraensei also uses spe-
cies of Biomphalaria as the 1st intermediate host. Huffman and
Fried [7] accepted this concept, and Kanev [4] listed only 5
species in the 37-collar-spined group, which included E. revo-
lutum (sensu stricto), E. trivolvis, E. caproni, E. jurini, and E.
echinatum excluding E. paraensei. However, E. paraensei was ac-
knowledged as a distinct species because of its unique isoenzy-
matic patterns [34], DNA sequences [35], patterns of random

amplification of polymorphic DNA (RAPD) [177], host-para-
site relationships [178], and unique metacercarial excystation
patterns and morphological features [179]. The validity of E.
paraensei was agreed by Fried and Huffman [85], Kostadinova
and Gibson [26], Fried and Graczyk [8], and Toledo et al. [9].

Molecular data of E. paraensei have been available since Mor-
gan and Blair [35,41,105] who analyzed the ITS region, cox1,
and nad1 of E. paraensei (from Australia) and other 37-collar-
spined Echinostoma spp. The results evidenced that E. paraensei
(PCer-1) is distinct from E. caproni and phylogenetically rather
close to E. trivolvis [35,41,105]. In addition, Morgan and Blair
[41] found an isolate (cercariae from Glyptophysa sp. snails;
AF026282) of E. paraensei from Townsville, Australia, which
diverged from the Brazilian species (AF025834) by only 2 nu-
cleotide substitution out of 530 sequenced. Georgieva et al.
[10] further reported that E. paraensei was grouped with E.
nasincovae (under the name Echinostoma n. sp.) and E. trivolvis
forming a second clade among the 37-collar-spined Echinosto-
ma group. Recently, cytochrome B gene was found to be useful
to differentiate E. paraensei from Asian E. revolutum and African
E. caproni [75].

Echinostoma paraulum Dietz, 1909

This species was originally described from the bird Colymbus
cristatus and several species of ducks from Central Europe, in-
cluding Austria and Russia [4,16,17,19]. Miller [180] described
this species in North America (Canada) and synonymized Echi-
nostoma columbae Zunker, 1925 with E. paraulum. However,
Kanev et al. [6] regarded Miller’s specimens as E. trivolvis,
whereas Beaver [19] synonymized E. columbae with E. revolu-
tum. Human infection with E. paraulum was reported from Rus-
sia in 1938 [181] and also from Yunnan Province, China in 1979
[14]. The rediae and cercariae were found in P. corneus, and the
metacercariae were found in Planorbis carinatus snails [182].
This host selection was different in E. revolutum; rediae and
cercariae developed in Lymnaea palustris and metacercariae in P
corneus [182]. The metacercariae of E. revolutum were bigger
having a thick cyst wall but those of E. paraulum were smaller
having a thin cyst wall [182].

Skrjabin [183], Sprehn [184], Skrjabin and Bashikirova [32],
and Iskova [185] supported the taxonomic validity of E. parau-
Ium; however, Beaver [19], Yamaguti [1,97], and Kanev [4,20]
denied the validity and synonymized it with E. revolutum. Bea-
ver [19] mentioned that 37 collar spines of E. paraulum were
arranged exactly as in E. revolutum, its relative size of various
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organs was identical with that of E. revolutum, and there was
not a single character by which E. paraulum can be separated
from E. revolutum. Yamaguti [1,97] synonymized various spe-
cies with E. revolutum, including E. echinatum, E. armatum, E.
revolutum var. japonicum, E. miyagawai, and E. paraulum. Kanev
[4,20] confirmed its complete life cycle from Europe, includ-
ing Austria where E. paraulum was originally described and
concluded that E. paraulum corresponded completely with E.
revolutum. Thereafter, Huffman and Fried [7], Kostadinova and
Gibson [26], Fried and Graczyk [8], and Toledo et al. [9] did
not recognize E. paraulum as a distinct species.

Georgieva et al. [10] was the first who molecularly con-
firmed the unique status of E. paraulum. They obtained 5 iso-
lates from cercariae (4; L. stagnalis) and an adult (1; Aythya ful-
igula) originating from Germany and Czech Republic, respec-
tively, and analyzed nadl and 28S rDNA sequences together
with other 37-collar-spined Echinostoma spp. The phylogenetic
tree of nad1 showed that E. paraulum was distinct from all oth-
er species analyzed and included within the 1st clade where E.
revolutum (sensu lato), E. miyagawai, E. novaezealandense (as
Echinostoma sp. NZ-Ad), and E. robustum/friedi are located [10].
The phylogenetic tree of 28S rDNA supported this showing
similar findings [10]. They also mentioned that although E.
paraulum and E. revolutum use the same snail species (L. stagna-
lis) as their 1st intermediate host, the cercariae of E. paraulum
were dissimilar to those of E. revolutum in the pattern of parae-
sophageal gland-cells [10]. Subsequently, the morphology and
life cycle of E. paraulum were redescribed by Faltynkova et al.
[11]. According to them, the cercariae of E. paraulum were
much larger in size with a much longer tail than those of E.
revolutum, possessing a larger number of paraesophageal gland-
cell outlets than the cercariae of E. revolutum. The adults of E.
paraulum were in comparison with the same age of E. revolu-
tum much smaller in size, with a more robust body, longer
forebody, and distinctly wider head collar, and notably their
testes had a characteristic median constriction [11] (Table 5).
Nagataki et al. [72] supported the validity of E. paraulum using
nadl analysis of 37-collar-spined Echinostoma spp. and men-
tioned that E. paraulum formed a sister group with E. robustum
and E. miyagawai. Mohanta et al. [46] also established a phylo-
genetic tree based on nad1 which supported the taxonomic va-
lidity of E. paraulum. Adult E. paraulum was reported from the
house crow in Pakistan [67] and ducks in Bangladesh [66].
However, the specimen from Pakistan showed testes with no
distinct median constriction, and thus the specific diagnosis

needs reconfirmation.

Echinostoma parvocirrus Nassi & Dupouy, 1988

This species was described as a new species from the natu-
rally infected B. glabrata snails in Guadeloupe, French West In-
dies [38]. This snail host served as both the 1st and 2nd inter-
mediate host (metacercariae also in P. marmorata snails and
tadpoles of Bufo marinus), and birds (ducklings of Cairina mos-
chata and canaries) served as the experimental definitive host
[38]. The adults morphologically resembled E. trivolvis (under
the name E. multispinosum reported from birds in Cuba), E.
revolutum (under the name E. mendax reported from birds in
Brazil), and E. barbosai (from birds in Brazil) but differed in
body length, size of oral and ventral suckers, pharynx, and
other organs [38]. In the cercariae of E. parvocirrus, the number
of penetration gland-cell pores was 6 (4 in E. barbosai), and the
number of paraesophageal gland-cell pores at the cephalic
portion was 8 ventral and 4 dorsal (11 ventral and 6 dorsal in
E. barbosai) [38]. This species has been listed among the
37-collar spined ‘E. revolutum’ spp. by Kostadinova and Gibson
[26], Fried and Graczyk [8], Maldonado and Lanfredi [92], To-
ledo et al. [9], Nagataki et al. [72], and Le et al. [112]. However,
taxonomic attention on this species has been scarce, and there
has been no information on molecular characteristics.

Echinostoma pinnicaudatum Nasir, 1961

This species was described based on adult flukes obtained
from a laboratory-raised pigeon experimentally fed the meta-
cercariae in L. stagnalis snails from Birmingham, UK [174]. The
snails had both cercarial and metacercarial stages, and collect-
ed in the same locality where E. nudicaudatum was discovered
[171,174]. The adults of E. pinnicaudatum were morphological-
ly close to E. nudicaudatum with only a recognizable difference
in the arrangement of collar spines; in the former there were 5
unalternating lateral spines, whereas in the latter there were 7
of these [174]. However, the morphology of cercariae was dis-
tinctly different. In the cercaria of E. pinnicaudatum there was a
well-developed, dorso-ventral fin-fold (as the name ‘pinnicau-
datum’ indicates) but in the cercaria of E. nudicaudatum the fin-
fold was totally absent [174]. The cercariae of E. pinnicaudatum
was recorded among the cercarial fauna from British freshwa-
ter molluscs [175]. However, taxonomic attention has never
been paid to E. pinnicuadatum, and further studies to evaluate
its taxonomic validity through molecular analysis should be
performed.
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Echinostoma ralli Yamaguti, 1934

This species was originally described from the small intes-
tine of a waterfowl, Rallus aquaticus indicus in Aichi, Shiga, and
Shizuoka Prefecture, Japan [68]. Later, this species was found
again in the same species of birds in Fukuoka Prefecture, Japan
[186] and in the bird Fulica atra in Azerbaidzhan [1]. The adult
worms had total 37 collar spines with 4 end group spines on
each side, cup-shaped ventral sucker, and vitellaria beginning
at the level of the posterior end of the ventral sucker [68]. It re-
sembled E. revolutum (including synonyms E. mendax, E. errati-
cum, E. microrchis, and E. neglectum), E. paraulum, and E. acuti-
cauda but differed in the number of end group spines, size of
eggs, and others [68]. No further information is available on
this species, and its taxonomic validity should be re-evaluated
providing molecular data.

Echinostoma robustum Yamaguti, 1935

E. robustum (Fig. 3) was first described from the small intes-
tine of 2 naturally infected avian species, Streptopelia chinensis
formosa and Columba livia domestica, in Taiwan [187]. Domestic
pigeons, chickens, and ducks, wild ducks, and wild geese were
also found to be definitive hosts [1,97]. This species is mor-
phologically close to E. miyagawai (and E. friedi) but can be
differentiated in several features, including the morphology of
testes, irregularly and deeply lobed and horizontally extended
in E. robustum whereas subglobular with irregular margins or 3
lobed in E. miyagawai [46,98,187] (Table 5). In addition, the
size of the ventral sucker in comparison to the body width is
smaller in E. miyagawai [21] than in E. robustum [187]. The ex-
istence of this species has been extended to Japan [18], China
[188], Bangladesh [46,66,70], Russia [78,79], Uzbekistan,
Azerbaidzhan, Georgia, Estonia, Bulgaria [1], Poland [77], UK
[76], USA [31,42], and Brazil [31] (Table 4). Cercariae develop
in freshwater snails (Radix lagotis, R. auricularia, and Planorbis
sp.), and encyst in the same or different snails (Radix spp. or
Cristaria plicata), fish (Hemiculter leucisculus, Acheilognathus
chankaensis, or Gobio gobio), or frogs (Rana temporaria) [79)].

This species was synonymized with E. revolutum by Bezubik
in 1956, but soon acknowledged as a distinct species by Rayski
and Fahmy [76] in 1962 and listed in Skrjabin and Bashikiro-
va [32] and Yamaguti [1,97]. However, Huffman and Fried [7],
Kanev [4], Kostadinova and Gibson [26], Fried and Graczyk
[8], and Toledo et al. [9] did not recognize this as a valid spe-
cies. Kanev [4] synonymized this species with E. echinatum;
however, it appeared to be inappropriate since E. echinatum it-

self needs revalidation [10,11,45]. The validity of E. robustum
was supported by Detwiler et al. [31,42] through molecular
analyses (cox1, nadl, and ITS) of isolates from Indiana and
Minnesota, USA and Minas Gerais, Brazil. Georgieva et al. [45]
indicated that E. friedi sensu Marcilla et al. (unpublished, in
GenBank only, AJ564379) and E. revolutum of Morgan and
Blair [35,41,105] (AF025832) from Europe had strong associa-
tion with E. robustum sensu Detwiler et al. [31] from USA
(GQ463053, GQ463054) and Brazil (GQ463055). The clade
comprising of these 5 isolates exhibited a complex structure
suggesting the existence of at least 3 different species [45]. Fur-
ther studies are needed to back up this suggestion.

In addition, the clones of E. robustum sensu Detwiler et al.
[31] and E. friedi (Marcilla et al., unpublished) showed almost
identical nad1 sequences and formed together subclades ‘a-d’
(E. robustum/E. friedi lineage). However, E. friedi was synony-
mized with E. miyagawai based on morphological analyses
[11]. Mohanta et al. [46] suggested a synonymy between E. ro-
bustum, E. miyagawai, and E. friedi based on analysis of nadl
sequences; however, Heneberg [47] did not agree to this syn-
onymy but suggested that the G1-G11 isolates designated as E.
robustum by Mohanta et al. [46] were in fact E. miyagawai. In
this respect, whether E. miyagawai and E. robustum are taxo-
nomically distinct species, despite several morphological dif-
ferences [46], needs additional studies. Moreover, whether the
specimens from Indiana and Minnesota (USA) and Brazil |31]
are conspecific with the original E. robustum from Taiwan re-
quires reconfirmation.

Echinostoma rodriguesi Hsu, Lie & Basch, 1968

Adults of this species were originally reported from experi-
mental chicks, pigeons, hamsters, and mice fed the metacer-
cariae in laboratory-raised B. glabrata snails in California, USA;
the cercariae were originally obtained from Physa rivalis snails
in Minas Gerais, Brazil and the infected snails were shipped to
California [37]. P. rivalis also served as the 2nd intermediate
host [37]. In adults of E. rodriguesi, the arrangement of collar
spines resembled those of E. revolutum, E. lindoense, E. barbosai,
and E. paraensei, and the size and shape of collar spines and
testes were indistinguishable from those of E. audyi (synonym
of E. revolutum) and E. barbosai [37]. However, the number of
flame cells on the cercariae was 21 pairs in E. rodriguesi, E. lin-
doense, and E. paraensei but E. barbosai had 24 pairs, and E. rev-
olutum (under the name E. audyi) had 27 pairs [37]. This spe-
cies was also reported from rodents in Argentina [189,190].
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Regarding its taxonomic validity, Kanev [20] was of opinion
that E. rodriguesi may be a synonym of E. trivolvis, and Kostadi-
nova and Gibson [26] did not list this species as a distinct spe-
cies. Fried and Graczyk [8] and Toledo et al. [9] also excluded
E. rodriguesi from the list of 37-collar-spined Echinostoma
group. However, Kanev et al. [6] suggested that E. trivolvis oc-
curred only in North America and did not include E. rodriguesi
among the synonyms of E. trivolvis. In addition, Kanev et al.
[18] used the name E. rodriguesi and mentioned about the mi-
gration of sporocysts within the snail body as a characteristic
feature. Thereafter, E. rodriguesi has been acknowledged as a
distinct species and mentioned by various researchers, includ-
ing Latin American workers [27,44,89,90,120,189-191]. How-
ever, molecular data have not been provided for E. rodriguesi,
and thus further validation of this species is needed.

Echinostoma trivolvis (Cort, 1914) Kanev, 1985

[syn. Echinostoma armigerum Barker and Irvine, 1915; Echi-
nostoma callawayensis Barker and Noll, 1915; Echinostoma coali-
tum Barker and Beaver, 1915; Echinoparyphium contiguum Bark-
er and Bastron, 1915; Echinostoma multispinosum Pérez Viguer-
as, 1944]

This species originated from Cercaria trivolvis, its rediae, and
metacercariae in the North American planorbid snail, Helisoma
trivolvis (under the name Planorbis trivolvis) from Urbana, Illi-
nois, USA [192,193]. The adult flukes of this species were de-
scribed earlier in North America under the name E. echinatum
by Leidy from musk rats in 1888 [106] followed by Stiles and
Hassall from cotton rabbits in 1895 [107] and Hassall from
chickens in 1896 [108]. They were also described under differ-
ent names E. armigerum and E. coalitum by Barker on the speci-
mens from muskrats in Nebraska in 1915 [194] and from musk-
rats in Ontario, Canada by Law and Kennedy in 1932 [19,195].

Beaver [19] studied on C. trivolvis shed from Helisoma trivol-
vis snails, obtained adult flukes in the laboratory, and assigned
them as E. revolutum. Later, however, Kanev [20] and Kanev et
al. [6] pointed out that the E. revolutum of Beaver [19] was ac-
tually E. trivolvis, and many of the articles published from
North America until 1988 under the name E. revolutum should
be reconsidered as having been E. trivolvis. Later, the true exis-
tence of E. revolutum in North America was morphologically as
well as molecularly confirmed by Sorensen et al. [86,87]; it
was transmitted by L. elodes snails in Indiana, USA. In addi-
tion, based on nad1 gene sequences, the American E. revolutum
was shown to be genetically different from European popula-

tions [10,31].

The morphological details of E. trivolvis larvae and adults
were described by Kanev et al. [6]. He used the C. trivolvis shed
from H. trivolvis snails collected from Douglas Lake, Michigan,
USA as the starting point and obtained metacercariae from the
pericardial sac of laboratory-raised P. acuta and P. fontinalis
snails and adults from golden hamsters, rats, mice, ducks,
geese, chickens, pigeons, turkeys, partridges, and guinea fowls.
The first intermediate host also included Physa gyrina snails at
St. Joseph, Illinois, USA [196]. Metacercariae developed also in
the pericardial sac and posterior kidney region of mussels (An-
odonta cygnea) and various freshwater snails, including Vivipa-
rus viviparus, V. contectus, L. stagnalis, L. tomentosa, L. truncatula, L.
palustris, L. peregra, L. auricularia, P. corneus, B. glabrata, B. alex-
andriana, Bithynia tentaculata and B. leachi, and kidney and eye
socket of tadpoles and frogs and freshwater turtles [6]. Preco-
cious encystment of metacercariae within rediae was observed
[6]. C. trivolvis has 37 collar spines, 7 fin-folds on the tail, 2
pairs of 3 flame cells at the level of the pharynx and total 36
flame cells, 6 pores of penetration gland-cells along the esoph-
agus, and 4-6 pores of paraesophageal gland-cells on the oral
sucker [6]. The cercariae were also described under different
names, C. trisolenata Faust, 1917, C. acanthostoma Faust, 1918,
and C. complexa Faust, 1919 [6]. The metacercariae were 135-
170 pm in diameter, having a thick outer cyst wall and a thin
inner cyst wall [6]. The adult flukes had a variable body size,
from 3-5 mm to 20-30 mm, variable body shape, from elon-
gate, flattened dorso-ventrally, and tapering posteriorly, to
broad, with a tapering anterior end and a bluntly rounded
posterior end [6].

E. trivolvis is different from E. revolutum in various points, in-
cluding the number and arrangement of protein fractions in
adult worm homogenates, number and distribution of argen-
tophilic structures [197], number and position of paraesopha-
geal gland-cell ducts in cercariae (4-6 on the oral sucker only
in the former and 12 on the oral sucker and body in the lat-
ter), and geographical distribution [4,6,11] (Table 5). Sloss et
al. |34] showed different electrophoretic patterns between E.
trivolvis, E. caproni, and E. paraensei.

Kanev et al. [6] synonymized E. armigerum, E. callawayensis,
E. coalitum, E. multispinosum, and Echinoparyphium contiguum
with E. trivolvis. Kanev [20] also considered E. rodriguesi a syn-
onym of E. trivolvis but later Kanev et al. [6] denied the pres-
ence of E. trivolvis in South America and did not list E. rodrigue-
si among the synonyms of E. trivolvis. The distinct taxonomic
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status of E. trivolvis has been acknowledged by Huffman and
Fried [7], Kostadinova and Gibson [26], Fried and Graczyk [8],
Maldonado and Lanfredi [92], Toledo et al. [9], Detwiler et al.
[31,42], and Georgieva et al. [10,24,45].

The molecular data of E. trivolvis have been available after
Morgan and Blair [35] who compared the nucleotide sequenc-
es of ITS region (ITS1-5.8S-I1TS2) with those of E. revolutum, E.
paraensei, E. caproni (including E. liei and Echinostoma sp. 1I),
and Echinostoma sp. 1 (E. deserticum). They concluded that E.
trivolvis was phylogenetically close to E. revolutum and E. par-
aensei but distinct from one another and far from E. caproni
and Echinostoma sp. 1 (E. deserticum). Sorensen et al. [87] noti-
fied intraspecific variation in ITS loci among isolates of E. triv-
olvis (different localities in Indiana) and E. revolutum (North
American and European). The nad1 and cox1 sequences be-
came available after Morgan and Blair [41] and Detwiler et al.
[31,42]. The clones used were 3 from the cercariae of E. trivolvis
from H. trivolvis and L. elodes snails in Indiana and Minnesota
and 1 from the adult worm recovered in muskrats in Wiscon-
sin [31]. The nadl phylogeny demonstrated that the muskrats
were infected with 5 echinostome lineages; 3 E. trivolvis lineag-
es, 1 E. revolutum, and 1 Echinoparyphium lineage 1 31]. High
levels of intraspecific variation with 3 lineages of E. trivolvis
suggested the existence of multiple cryptic species within E.
trivolvis [31,42].

Echinostoma sp. |G of Georgieva, Selbach, Faltynkova,
Soldanova, Sures, Skirnisson & Kostadinova, 2013

[syn. Echinostoma cf. friedi of Kostadinova et al. (2003)]

Echinostoma sp. IG is a tentative name of a unique species
but not yet formally described [45]. It was based on a larval
stage (cercariae) from Radix peregra in Iceland and R. auricular-
ia in Germany [11,45]. Its molecular information has been
available for nad1 and 28S rDNA sequences [10,45]. Cercariae
and rediae ex. Planorbis sp. snails found in Wales, UK showing
unique molecular characteristics [40] were also assigned to
this species [11]. The cercariae of this species were unique hav-
ing distal dorsal fin-fold and 12 paraesophageal gland-cell
outlets restricted to the region of the oral sucker [11]. The adult
stage has not yet been found [11].

CONCLUSION

A total of 26 Echinostoma species are recognized as valid (16
species) or validity-retained (10) among the 37-collar-spined

Echinostoma spp. around the world. The morphology of the
cercarial stage as well as the size and shape of adult flukes, in-
cluding the relative size of the oral and ventral suckers, size,
shape, and arrangement of collar spines, and morphology of
testes and cirrus sac as well as arrangement of vitelline follicles
are important criteria for species differentiation. However,
some of these species are difficult to distinguish one from the
other only by morphology. Molecular techniques, in particu-
lar, gene sequencing of mitochondrial cox1 and nadl, is a
highly useful technique for discriminating the species and
seems to be essential to determine the taxonomic validity of
37-collar-spined Echinostoma spp. group.
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