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Abstract: Acanthoparyphium shinanense n. sp. (Digenea: Echinostomatidae) is described from chicks experimentally infected with the metacercariae encysted in 2 brackish water clam species, Ruditapes philippinarum and Coecella chinensis, in the Republic of Korea. The metacercariae were round to oval, armed with 23 collar spines, and 0.216 (0.203-0.226)
mm in diameter. From 5 chicks experimentally infected each with 200 metacercariae, 34 juvenile (5-day-old worms) and
104 adult flukes (7-day-old worms) were harvested from their small intestines, with the average worm recovery rate of
13.8%. The adult flukes were 3.18 (2.89-3.55) mm long and 0.68 (0.61-0.85) mm wide, with an elongated, posteriorly tapering body, and a prominent head collar armed with 23 collar spines arranged in a single uninterrupted row. The posterior testis of A. shinanense was longitudinally elongated, which is similar to Acanthoparyphium spinulosum Johnston, 1917
but unique from the other closely related species, including Acanthoparyphium tyosenense Yamaguti, 1939, Acanthoparyphium kurogamo Yamaguti, 1939, and Acanthoparyphium marilae Yamaguti, 1934. The eggs of A. shinanense were
larger than those of A. spinulosum, and the anterior extent of 2 lateral groups of vitellaria was slightly more limited in A.
shinanense than in A. spinulosum. Molecular analysis of nuclear and mitochondrial genes revealed low homology with A.
spinulosum from USA (96.1% in 5.8S rRNA) and Ukraine (97.9% in 28S rRNA), Acanthoparyphium n. sp. from USA
(98.0% in 28S rRNA), and Acanthoparyphium sp. from Australia, Kuwait, and New Zealand. Biological characteristics, including its first intermediate host and natural definitive hosts, as well as its zoonotic capability, should be elucidated.
Key words: Acanthoparyphium shinanense n. sp., chick, intestinal fluke, brackish water clam, 5.8S rRNA, 28S rRNA, cox1, Republic of Korea

INTRODUCTION

Flukes of the genus Acanthoparyphium Dietz, 1909 are parasitic in aquatic birds of marine or brackish water in Tunisia,
the Republic of Korea (= Korea), Japan, Australia, New Zealand, USA, Taiwan, the Philippines, Kuwait, and Ukraine [412]. At least 19 species have been described in this genus (see
Discussion), although 4 of them were suggested to be synonyms of Acanthoparyphium spinulosum Johnston, 1917, which
was originally described from Australia [13]. Later, A. spinulosum was reported from Australia again [6] and in Japan [4],
Taiwan [14], USA [7,15-17], Kuwait [18], and Ukraine [19].
The type and oldest species is Acanthoparyphium phoenicopteri
(Lühe, 1898) Dietz, 1909 described from the Tunisian flamingo Phenicopterus roseus at Tunis [20,21]. In addition, it should
be noted that based on molecular analyses several species-undetermined but genetically distinct Acanthoparyphium flukes
(Acanthoparyphium sp.) have been reported from New Zealand
[12], USA [19], Australia [22], and Kuwait (GenBank, unpublished).

The family Echinostomatidae Looss, 1899 (Digenea) is a
group of intestinal parasites of predominantly birds, but also
of mammals, including humans [1-3]. They are morphologically characterized by the presence of a head collar equipped
with variable numbers and arrangements of collar spines [1-3].
At least 23 species have been reported to be able to infect humans; they include 8 species of Echinostoma, 2 species of
Isthmiophora, 6 species of Echinochasmus, 3 species of Artyfechinostomum, and 1 species each of Acanthoparyphium, Echinoparyphium, Himasthla, and Hypoderaeum [1,3].
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In Korea, 2 species, Acanthoparyphium tyosenense Yamaguti,
1939 and Acanthoparyphium marilae Yamaguti, 1934, have been
found [9,11]. In Japan, 6 species, including Acanthoparyphium
charadrii Yamaguti, 1939 (synonymized with A. spinulosum by
Soota et al. [23]), Acanthoparyphium kurogamo Yamaguti, 1939,
A. marilae, Acanthoparyphium melanittae Yamaguti, 1939, Acanthoparyphium spinulosum suzugamo Yamaguti, 1939 (synonymized with A. spinulosum by Skrjabin and Bashkirova [24]),
and Acanthoparyphium squatarolae Yamaguti, 1934 have been
described [4,5]. In China, Acanthoparyphium loborchis Wang,
1977 and Acanthoparyphium haematopi Ku and Chiu, 1979
were described [25]. To date, only 1 species, A. tyosenense was
reported to infect humans, involving 10 cases from 2 coastal
villages of Puan-gun in Korea [9].
In the present study, we discovered a new group of Acanthoparyphium metacercariae having 23 collar spines from 2 species of brackish water clams, Ruditapes philippinarum and Coecella chinensis, on Aphae-do Island in Shinan-gun (County), Korea. The metacercariae were experimentally fed to chicks, and
juveniles and adult flukes were recovered at days 5 and 7 postinfection, respectively. They were morphologically analyzed,
and several points distinct from the pre-existing species, including A. spinulosum, A. marilae, and A. tyosenense, were recognized. We also performed molecular analysis, including sequencing of nuclear 5.8S and 28S rRNAs and mitochondrial
cytochrome c oxidase 1 (cox1) genes. We concluded that our
specimens are morphologically and molecularly unique from
the pre-existing species, and here we propose our specimens as
Acanthoparyphium shinanense n. sp.

MATERIALS AND METHODS
Surveyed area and clam collection
The surveyed area was a southwestern coastal region of Korea, i.e., Daecheon-ri (Village), Aphae-myon (Township), Shinan-gun, Jeollanam-do (Province) (latitude: 34.842; longitude: 126.274) (Fig. 1). The Manila clam, R. philippinarum (Fig.
2A), about 1,000 in number, and the Chinese wedge clam C.
chinensis (Fig. 2B), 987 in number, were collected from the estuary of the surveyed area in August 2020. They were quickly
transported to the laboratory of Institute of Parasitic Diseases,
Korea Association of Health Promotion, Seoul, Korea. After
species identification, the clams were individually opened
with a knife. Each of the animal part of the clam was chopped
into around 10 pieces in a petri dish, and the chopped samples

Fig. 1. Map showing the surveyed area (arrow) on Aphae-do (Island), Shinan-gun (County), Jeollanam-do (Province), Republic of
Korea where the 2 species of brackish water clams were collected.

were pulverized for a short time (3 sec) using an electronic
blender. The pulverized specimens were filtered through a thin
layer of gauze, and 0.85% saline was added. Larval trematodes,
in particular, metacercariae, were collected in a petri dish using
a stereomicroscope.
Morphological observations of metacercariae and
experimental infection to chicks
The metacercariae in the petri dish were morphologically
examined using a stereomicroscope and transferred onto a
glass slide with a cover slip for light microscopic examinations.
The metacercariae were tentatively identified according to their
general morphological features, in particular, the morphology
of the head collar and collar spines. Two hundred metacercariae were administered orally to each of 5 experimental chicks
(Gallus domesticus), 3-day-old or 7-day-old, and the chicks were
killed by cervical dislocation at day 5 or day 7 post-infection.
Their small intestines were resected, opened longitudinally in
a petri dish containing 0.85% saline, and searched for worms
using a stereomicroscope. The animal experiment followed the
Institutional Guidelines for Animal Care and User Committee,
Institute of Parasitic Diseases, Korea Association of Health Promotion, Seoul, Korea.
Morphological observations of juvenile and adult flukes
The juvenile (5-day-old) and adult flukes (7-day-old) were
fixed in 10% formalin under a coverslip pressure for morpho-
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Fig. 2. Intermediate host and a metacercaria of Acanthoparyphium shinanense n. sp. (A) Ruditapes philippinarum (the Manila clam) with
various morphologies. (B) Coecella chinensis (the Chinese wedge clam) showing minor variation in morphology. (C) Metacercaria encysted with a thin shell, round, showing an oral sucker armed with collar spines (n = 23) and excretory bladder with excretory granules.
Bar= 0.05 mm.

logical studies. Some specimens were preserved in 70-80%
ethanol for molecular analyses. The formalin-fixed samples
were washed in water, stained with Semichon's acetocarmine,
dehydrated in a graded series of ethanol, cleared in xylene, and
mounted in Canada balsam. To keep the morphology of intrauterine eggs finely visible, some acetocarmine-stained samples
in 70% ethanol were cleared in glycerin-alcohol and mounted
in glycerin jelly. Twelve acetocarmine-stained and glycerin jelly-mounted specimens were used for morphological observations and measurements. They were compared with other Acanthoparyphium spp. based on morphological characteristics
suggested by previous authors (Table 1) [4,5,7,9,13]. The photos of adult flukes were taken with an Olympus DP72 digital
camera (Tokyo, Japan) on an Olympus CKX41 microscope
(Tokyo, Japan). The size of organs and structures were measured from digital images using 'cellSens standard v1.5 image
analysis software’ (Leica, Wetzlar, Germany).
Molecular genetic analysis
The adult flukes preserved in 70-80% ethanol were further
processed for molecular analysis. Genomic DNA was extracted
from adult specimens according to the spin-column protocol
described for DNeasy® Blood & Tissue kit (QIAGEN, Hilden,
Germany). Nuclear 5.8S rRNA and 28S rRNA genes and mitochondrial cytochrome c oxidase 1 (cox1) gene were amplified

by PCR on a C1000 Touch Thermal Cycler according to the
procedure reported previously [17,26,27]. The forward and reverse primers for 5.8S rRNA were BDI-ITS_F (5ʹ-GTC GTA ACA
AGG TTC CGT A-3ʹ) and 4S-ITS_R (5ʹ-TCT AGA TGC GTT
CGA AGT GTC GAT G-3ʹ), respectively [17], and the primers
for 28S rRNA were dig12_F (5ʹ-AAG CAT ATC ACT AAG CGG3ʹ) and Lo_R (5ʹ-GCT ATC CTG AGR GAA ACT TCG-3ʹ) [26].
The primers for cox1 were JB3_F (5ʹ-TTT TTT GGG CAT CCT
GAG GTT TAT-3ʹ) and trem.cox1.rrnl_R (5ʹ-AAT CAT GAT GCA
AAA GGT A-3ʹ) [27]. The basic local alignment search tool
(BLAST; http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to
assess the genetic identity of the samples. The sequence obtained using Geneious® version 11.1.5 (Biometers Ltd., Auckland, New Zealand) was compared with the GenBank reference sequences of the Acanthoparyphium species or other Echinostomatidae family members. The phylogenetic trees were
constructed using the maximum-likelihood method based on
Tamura-Nei model of nucleotide substitution with 1,000
bootstrap replications with our samples and others deposited
in GenBank and viewed by MEGA-X program.

RESULTS
Infection status of A. shinanense metacercariae in clams
About 2,000 A. shinanense metacercariae were harvested
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Table 1. Measurements of Acanthoparyphium shinanense n. sp. (adults) in comparison with other Acanthoparyphium species (unit: µm)
Acanthoparyphium
shinanense n. sp.
(Present study)

Johnston [13]

Martin and Adams [7]

Yamaguti [5]

Chai et al. [9]

No. of specimens measured

(n = 12) Range (Mean)

(n = 2) Range

(n = 20) Range (Mean)

(n = 10) Range

(n = 10) Range (Mean)

Body length (BL)
Body width (BW)
Ratio of BL/BW
Head collar length (CL)
Head collar width (CW)
Oral sucker length (OSL)
Oral sucker width (OSW)
Angle spine length (ASL)
Angle spine width (ASW)
Lateral spine length (LSL)
Lateral spine width (LSW)
Dorsal spine length (DSL)
Dorsal spine width (DSW)
Prepharynx length (PL)
Pharynx length (PHL)
Pharynx width (PHW)
Esophagus length (EL)
Cirrus sac length (CSL)
Cirrus sac width (CSW)
Seminal vesicle length (SVL)
Seminal vesicle width (SVW)
Ventral sucker length (VSL)
Ventral sucker width (VSW)
Ovary length (OVL)
Ovary width (OVW)
Mehlis' gland length (MEL)
Mehlis' gland width (MEW)
Ant. testis length (ATL)
Ant. testis width (ATW)
Ratio of ATL/ATW
Post. testis length (PTL)
Post. testis width (PTW)
Ratio of PTL/PTW
Forebody length (FORE)
ODIV
OVAR
TEND
OSW/PHW
BW/BL (%)
FORE/BL (%)
CW/BW (%)
ODIV/BL (%)
OVAR/BL (%)
TEND/BL (%)
Egg length
Egg width

2,885-3,551 (3,176)
606-847 (683)
4.65:1
199-252 (228)
332-434 (388)
94-141 (117)
93-171 (133)
54-72 (64)
15-20 (18)
67-78 (72)
16-21 (18)
53-73 (65)
15-21 (19)
117-159 (137)
97-150 (121)
61-104 (76)
228-440 (344)
812-1,217 (965)
83-180 (114)
96-234 (161)
61-153 (82)
383-458 (407)
353-424 (390)
92-153 (123)
111-155 (133)
63-132 (93)
189-326 (265)
226-375 (315)
275-377 (322)
0.98:1
303-483 (380)
200-290 (252)
1.51:1
503-733 (646)
482-687 (601)
115-271 (180)
850-1,110 (969)
1.2-2.3 (1.8)
19-26 (22)
17-24 (20)
699-966 (822)
16-23 (19)
4-8 (6)
27-34 (31)
95-111 (103)
62-71 (66)

5,550
800
6.94:1
252a
407
155
145
47a
19a
75
16
81a
133
107
388
168a
168a
582
543
194
136
582
542
1.07:1
776
542
1.43:1
883a
799a
420a
2,186a
1.4a
14a
16a
1,364a
14a
8a
39.4a
85
69

3,320-5,530 (4,090)
600-1,220 (830)
4.93:1
220a
366a
121a
103-165 (127)
50-72 (63)
12-22 (17)
0-90
93-137 (113)
59-131 (92)
373-700 (493)
558-1134 (825)
70-196 (127)
122a
97a
342-473 (388)
351-535 (413)
115-230 (164)
109-205 (153)
122a
170a
340-644 (410)
240-532 (360)
1.13:1
460-756 (535)
196-560 (294)
1.81:1
952a
726a
369a
1,262a
1.4a
20a
23a
1,118a
18a
9a
31a
84-106 (96)
56-68 (64)

2,450-3,850
500-750
164a
230-300
93-110
109a
39-54
9-12
84-108
57-80
300-450
550-880
120-190
300-375
355a
110-150
150-200
270-400
275-450
368a
355a
1.04:1a
681a
586a
368a
927a
84-110
60-69

2,480-3,130 (2,830)
520-730 (630)
4.49:1
164a
250-300 (270)
90-110 (100)
93a
50a
11a
54a
11a
80-100 (90)
60-90 (70)
170-280 (220)
780a
140a
240-320 (290)
291a
110-140 (120)
130-180 (150)
185a
344a
260-330 (290)
310-390 (350)
0.83:1
320-370 (340)
290-380 (340)
1:01
450a
371a
476a
768a
1.3a
22a
16a
1,048a
13a
17a
27a
105-111 (108)
55-63 (59)

Species

Acanthoparyphium spinulosum

Acanthoparyphium tyosenense

ODIV, distance from anterior extremity to intestinal bifurcation; OVAR, distance from the posterior margin of ventral sucker to ovary; TEND, length of
post-testicular region.
a
Estimated from the original drawing of the worm in each reference.
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from a total of 1,000 R. philippinarum clams examined. Whereas, only 100 metacercariae of the same species were obtained
from 987 C. chinensis clams examined. The clams were pooled
in groups of 10 in number, and all (100%) of 100 groups of R.
philippinarum were found infected, whereas only 10 (10.1%) of
99 groups of C. chinensis clams were infected with the metacercariae. The localities of the metacercariae in the clams were the
foot muscle, gill, and mantle.
Recovery of A. shinanense worms from experimental
chicks
From 2 chicks sacrificed at day 5 post-infection, total 34 juvenile flukes (13 and 21, respectively) were harvested from
their small intestines, with the average recovery rate of 8.5%.
Also, from 3 chicks sacrificed at day 7 post-infection, total 104
adult flukes were recovered (22, 33, and 49 specimens, respectively), showing the average recovery rate of 17.3%. The overall
worm recovery rate from 5 chicks was 13.8%. All of the 5-dayold juvenile flukes were immature without uterine eggs,
whereas the 7-day-old adult flukes were fully matured containing a number of uterine eggs.
Description of worms
Acanthoparyphium shinanense n. sp. (Table 1; Figs. 2C, 3A-F)
Family: Echinostomatidae Looss, 1899
Subfamily: Himasthlinae Odhner, 1910
Genus: Acanthoparyphium Dietz, 1909
Metacercaria (Fig. 2C): Metacercariae oval to round, covered
with a thin wall, and 0.216 (0.203-0.226) mm in average diameter (n= 10). Oral and ventral suckers plainly visible. Head
collar equipped with total 23 collar spines uninterrupted dorsally and without corner spines distinctly seen around the oral
sucker. Excretory tubules containing small round excretory
granules distributed extensively in the anterior and posterior
fields of the body.
When the metacercariae were excysted applying gentle pressure on a coverslip, the presence of a head collar with characteristic arrangement of collar spines around the oral sucker
was then better visualized.
Adult (Table 1; Fig. 3A-F): Body dorsoventrally flattened,
elongated leaf-like with slightly attenuated anterior end and
more or less tapered posterior end, 3.18 (2.89-3.55) mm in
length and 0.68 (0.61-0.85) mm in maximum width at uterine or ovarian level (n= 12) (Fig. 3A-C). Tegument beset with
triangular spines, becoming less dense posteriorly, extending

to level of uterus or anterior testis. Forebody long representing
about 20.4% of whole body length. Anterior end characteristically equipped with an oral sucker and a prominent head collar. Oral sucker subterminal, small and spherical, muscular,
about 1/3.5 of the size of the ventral sucker. Head collar small
but prominent, reniform, and muscular, armed with a single
row of collar spines (Fig. 3D-F). Collar spines 23 in total, without dorsal interruption, with the formula of 3-3-4-3-4-3-3, including ventral spines 3 + 3, lateral spines 3+3, and dorsal
spines 4+ 3+ 4, without corner spines (Fig. 3F). Collar spines
relatively short in length, moderately broad, with sharp-pointed ends (Fig. 3D, E). The innermost ventral collar spines on
each side slightly smaller than the other 21 collar spines. Prepharynx short; pharynx muscular, elongated. Esophagus relatively long; intestinal bifurcation at about 10% of total body
length; ceca narrow, blind, overlapped by vitelline follicles,
ending nearby the posterior termination of vitelline follicles.
Cirrus sac elongated, reaching back far beyond the posterior
end of ventral sucker, up to about halfway between ventral
sucker and ovary. Terminal part of cirrus armed with tiny
spines with a broad base. Seminal vesicle thin-walled, elongated or coiled, containing sperms and connected to muscular
and tubular pars prostatica, ejaculatory duct, and a long cirrus
armed with small spines on its surface. Genital atrium with
genital pore median, just in front of ventral sucker, receiving
female (metraterm) and male reproductive (ejaculatory) duct.
Metraterm weakly muscular, connected to genital pore. Uterus
intercecal, short, between ventral sucker and anterior testis,
containing a small number (n= 33-75) of eggs. Ovary spherical or transversely elliptical, median or slightly submedian, almost equatorial, between seminal vesicle and Mehlis’ gland.
Mehlis’ gland diffuse, dorsal, median, larger than ovary, connected to ovary and uterine tubule. Uterine seminal receptacle
present; Laurer’s canal present. Vitelline follicles extensive, extending laterally forming 2 lateral groups, from near posterior
extremity up to the level of anterior margin of anterior testis or
rarely Mehlis’ gland; the 2 groups of vitellaria not merge near
posterior end of body. Two testes post-equatorial, tandem, entire, with smooth surface, almost adjacent to each other. Anterior testis globular, and posterior testis usually slightly elongated. Eggs not numerous, yellowish, oval to ovoid, immature
containing a germ cell, with a small, inconspicuous operculum, and a small abopercular thickening or wrinkling at the
abopercular end, 0.103 (0.095-0.111) mm long and 66 (62-71)
mm wide (n= 60). Excretory vesicle Y-shaped, bifurcates just
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Fig. 3. Whole adult worms and the head collar of Acanthoparyphium shinanense n. sp. Ventral views. (A) Unstained specimen recovered
from an experimental chick infected with the metacercariae at day 7 post-infection. Note the level of vitellaria distribution, longitudinally
elongated posterior testis, and tapering posterior extremity. Bar= 0.35 mm. (B) Line drawing of the worm in Fig. 3A. Bar= 0.35 mm. (C)
Another adult specimen stained with Semichon’s acetocarmine followed by clearing in glycerin alcohol and mounting in glycerin jelly to
maintain the morphology of organs and structures, especially the uterine eggs. Bar= 0.35 mm. (D) Head collar with dorsal and lateral
collar spines (unstained). (E) Head collar with lateral and ventral spines (unstained). (F) Line drawing of the head collar and collar spines.
Note that the spines are in a single row without end group spines and dorsally uninterrupted. The terminal spine on each side is the
smallest. Bar= 0.05 mm.

posterior to posterior testis; excretory pore terminal.
Taxonomic summary
- Type host: Gallus domesticus (chick, experimental)
- Site of infection: Small intestine
- Type locality: Daecheon-ri (Village), Aphae-myon (Township; Aphae-do Island), Shinan-gun (County), Jeollanam-do
(Province), Republic of Korea
- Deposition of specimens: The specimens are deposited in
the Parasite Museum, Institute of Parasitic Diseases, Korea Association of Health Promotion, Seoul, Korea (no. 2021-001101, holotype, and no. 2021-0011-02~10, paratypes). Voucher
specimens are also deposited in Meguro Parasitological Museum, Tokyo, Japan (MPM Coll. No. 21773).
- Etymology: The specific name refers to the name of the lo-

cality of the type specimen, Shinan-gun, where the infected
brackish water clams were collected.
Molecular analyses
The amplification of 5.8S rRNA, 28S rRNA, and cox1 genes
of our samples produced partial sequences of 459-460 bp,
754-1,134 bp, and 451 bp, respectively. The phylogenetic tree
for 5.8S rRNA was established based on sequences of our samples, i.e., 1 isolate (MZ396401) from metacercariae in C. chinensis clams and 5 (MZ396396-396400) from adult flukes obtained from experimental chicks infected with metacercariae
from R. philippinarum clams, in comparison with other members of the Echinostomatidae, including A. spinulosum from
USA (KM880017) and Acanthoparyphium spp. from Australia
(MH257759) and New Zealand (KJ956378, KJ956379, KJ
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Fig. 4. A phylogenetic tree inferred from 5.8S rRNA sequences of Acanthoparyphium shinanense n. sp. in relation with A. spinulosum,
Acanthoparyphium sp., and other members of the Himasthlinae and Echinostomatinae constructed using the maximum-likelihood
method. ● : our specimens.

956381, KJ956383, KJ956385) (Fig. 4). The sequences of our
samples (n= 6) were clustered together (100% homologous)
with high bootstrap values and constituted a new lineage distinct from other Echinostomatidae registered in GenBank (Fig.
4; Table 2). Our samples revealed low homologies with A. spinulosum from USA (96.1%), Acanthoparyphium sp. from Australia (96.6%) and New Zealand (97.0-97.9%) (Table 2).
The phylogenetic tree for 28S rRNA was established based on
our samples, i.e., 1 isolate (MZ146324) from metacercariae in
clams and 5 (MZ146319-146323) from experimentally obtained
adult flukes in comparison with 24 species of the Echinostomatidae, including A. spinulosum from Ukraine (KT956939) and Acanthoparyphium sp. from Australia (MH257769) and USA
(KT956940) (Fig. 5). The sequences of our samples (n = 6)
were clustered together (100% homologous) with high bootstrap values and constituted a new lineage distinct from other
Echinostomatidae registered in GenBank (Fig. 5; Table 2). Our
samples showed low homologies with A. spinulosum from
Ukraine (97.9%), Acanthoparyphium n. sp. from USA (98.0%),
Acanthoparyphium sp. from Australia (98.1%), and Himasthla

spp. from Ukraine or USA (94.3-95.9%) (Table 2).
The phylogenetic tree for cox1 was established based on sequences of our samples, i.e., 1 isolate (MZ396463) from metacercariae in clams and 4 (MZ396459-396462) from adult
flukes obtained from experimental chicks, in comparison with
other members of the Echinostomatidae, including Acanthoparyphium spp. from New Zealand (FJ765464, KJ956255,
KJ956279, KJ956288, KJ956289) and Kuwait (MG792058)
(Fig. 6). The cox1 sequences were highly variable depending
on different species or isolates of Acanthoparyphium. The homology between adults (4 isolates) and a metacercaria (1 isolate) in our study was only 94.7%. However, the 4 adult isolates exhibited 100% homology together (Table 2). The sequence homology between our samples and Acanthoparyphium
sp. from New Zealand was only 84.0-86.9% and that between
our samples and Acanthopariphium sp. from Kuwait was only
83.5-83.7%.
Remarks
Compared with the 15 valid or ‘need-to-evaluate’ species of
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Table 2. Sequence comparison of our samples with other members of the Himasthlinae in GenBank based on 5.8S rRNA, 28S rRNA,
and cox1 genes
5.8S rRNA region
Between our isolates
(A. shinanense n. sp.)
Acanthoparyphium sp. C
(KJ956381, New Zealand)
Acanthoparyphium sp. D
(KJ956383, New Zealand)
Acanthoparyphium sp. A
(KJ956378, New Zealand)
Acanthoparyphium sp. B
(KJ956379, New Zealand)
Acanthoparyphium sp. E
(KJ956385, New Zealand)
Acanthoparyphium sp.
(MH257759, Australia)
Acanthoparyphium spinulosum
(KM880017, USA)

28S rRNA region
100
97.9
97.7
97.0
97.0
97.0
96.6

cox1
100

Acanthoparyphium sp.
(MH257769, Australia)
Acanthoparyphium n. sp.
(KT956940, USA)
Acanthoparyphium spinulosum
(KT956939, Ukraine)
Himasthla limnodromi
(KT956943, USA)
Himasthla leptosoma
(KT956942, Ukraine)
Himasthla militaris
(KT956944, Ukraine)

98.1
98.0
97.9
95.9
94.3
94.3

94.7-100
Acanthoparyphium sp. B
(KJ956279, New Zealand)
Acanthoparyphium sp. D
(KJ956288, New Zealand)
Acanthoparyphium sp. A
(KJ956255, New Zealand)
Acanthoparyphium sp. C
(FJ765464, New Zealand)
Acanthoparyphium sp. E
(KJ956289, New Zealand)
Acanthoparyphium sp.
(MG792058, Kuwait)

86.7-86.9
86.7
85.6
85.1-85.3
84.0-84.8
83.5-83.7

96.1

Acanthoparyphium reported so far (Table 3), the new species
differed from most of them [5,9,23,24] in the body size and
shape, sucker ratio, egg size, and the morphology of head collar, collar spines, testes, and the extent of vitellaria. A. phenicopteri, the type species, is much smaller in body size than the
new species, with a broader head collar, smaller sucker ratio
(1/2), ventral sucker situated farther back in the body, and
smaller number of uterine eggs [28]. A. haematopi [25] is differed from the new species in the remarkably smaller egg size,
0.073-0.082 mm in length, and the extent of the vitellaria. A.
loborchis and Acanthoparyphium ochthodromi Tubangui, 1933
have 2 lobulated testes with irregular margins [25] unlike the
new species. Acanthoparyphium pagollae Cable et al., 1960 [29]
differs from the new species in the extent of vitellaria, up to
the level anterior to the ovary in the former but limited up to
the level of anterior border of anterior testis in the latter. Acanthoparyphium macracanthum Rybakov and Lukomskaya, 1988
has a small, plump or stout body with 2 transversely elongated
testes [30], which is markedly different from the new species.
Acanthoparyphium paracharadrii Velasquez, 1964 has much smaller body and egg sizes, 1.39-1.91 mm and 0.071-0.079 mm in
length, respectively, and is unique having a very small cirrus
sac [31]. Acanthoparyphium lobatum Soota et al., 1970 [32] has
26-28 collar spines that is not consistent with the generic characteristic of Acanthoparyphium and has 2 deeply branched testes
which is a markedly different feature from the new species. Acanthoparyphium jeetai Chakrabarti, 1972 [33] reported from a
bird in India needs further evaluation.
A. squatarolae Yamaguti, 1934 is differed from the new spe-

cies in that the former has a less extended vitellaria up to the
level of the anterior extremity of the posterior testis and has 2
globular testes [4]. Also, A. marilae Yamaguti, 1934 differs
from the new species in that the former has a much less extended vitellaria up to the level beyond the posterior margin
of the posterior testis and has 2 globular testes [4]. A. tyosenense Yamaguti, 1939 has a rounded posterior end and 2 globular testes [5], whereas the new species has a tapering posterior
end and 1 globular and 1 longitudinally elongated testes. A.
kurogamo Yamaguti, 1939 is differed from the new species in
the position of the ventral sucker and testes (located more
posteriorly) and having 2 globular testes [5]. A. melanittae Yamaguti, 1939 has an extremely anterior extension of the vitellaria up to the level of the ventral sucker and has 2 globular
testes [4].
The new species is morphologically very close to A. spinulosum Johnston, 1917 in the body size and shape and the longitudinally elongated shape of the posterior testis [13]. However,
the egg size of A. spinulosum was smaller than the new species,
0.085× 0.069 mm [13], 0.084-0.106× 0.056-0.068 mm [7], or
0.085-0.100 × 0.066-0.082 mm [14], compared to 0.0950.111 × 0.062-0.071 mm in the new species. However, in another report [6], the egg size of A. spinulosum could be 0.0920.100× 0.065-0.076 mm, only slightly smaller than that of the
new species. A significant finding was that the new species has
vitellaria never extending anteriorly from the level of the anterior margin of the anterior testis or Mehlis’ gland, whereas A.
spinulosum has vitellaria extending up to the level of the anterior margin of the ovary [6,13] or the level of Mehlis’ gland [7].
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Fig. 5. A phylogenetic tree inferred from 28S rRNA sequences of Acanthoparyphium shinanense n. sp. in relation with A. spinulosum,
Acanthoparyphium sp., Acanthoparyphium n. sp., and other members of the Himasthlinae, Echinochasminae, and Echinostomatinae
constructed using the maximum-likelihood method. ● : our specimens.

The phylogenetic trees based on 5.8S rRNA, 28S rRNA, and
cox1 sequences revealed a unique lineage of our samples. The
sequence homology based on 5.8S rRNA between our samples
and A. spinulosum from USA (KM880017) was 96.1% and that
between our samples and Acanthoparyphium sp. from Australia
(MH257759) was 96.6%, relatively low and not enough for
them to be identical. Similarly, the sequence homology based
on 28S rRNA between our samples and A. spinulosum from
Ukraine (KT956939) was 97.9%, that between our samples
and Acanthoparyphium n. sp. from USA was 98.0%, and that
between our samples and Acanthoparyphium sp. from Australia

(MH257769) was 98.1%, all of these figures are considered
not enough for them to be identical. The sequence homology
based on cox1 gene between our samples and Acanthoparyphium sp. from Kuwait (MG792058) was 83.5-83.7% and that
between our samples and Acanthoparyphium sp. from New Zealand (FJ765464, KJ956255, KJ956279, KJ956288, KJ956289)
was 84.0-86.9%, indicating them to be far from identical. Nucleotide sequences of other Acanthoparyphium spp. reported
morphologically are not yet available in GenBank.
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Fig. 6. A phylogenetic tree inferred from mitochondrial cytochrome c oxidase 1 (cox1) gene sequences of Acanthoparyphium shinanense n. sp. in relation with Acanthoparyphium sp. (Himasthlinae) and members of the Echinochasminae and Echinostomatinae constructed using the maximum-likelihood method. ● : our specimens.
Table 3. Species of Acanthoparyphium reported among the literature
Species, nominator, year
Valid or need-to-evaluate species
A. phoenicopteri (Lühe, 1898) Dietz, 1909
A. haematopi Ku and Chiu, 1979
A. jeetai Chakrabarti, 1972
A. kurogamo Yamaguti, 1939
A. lobatum Soota et al. 1970
A. loborchis Wang, 1977
A. macracanthum Rybakov and Lukomskaya, 1988
A. marilae Yamaguti, 1934
A. melanittae Yamaguti, 1939
A. ochthodromi Tubangui, 1933
A. pagollae Cable et al. 1960
A. paracharadrii Velasquez, 1964
A. spinulosum Johnston, 1917
A. squatarolae Yamaguti, 1934
A. tyosenense Yamaguti, 1939b,c
Species synonymized with A. spinulosum
A. cambellense Soota et al. 1970
A. charadrii Yamaguti, 1939
A. longivitellatum Oschmarin, 1956
A. spinulosum suzugamo Yamaguti, 1939

Countries reporteda

Taxonomic validity

Tunisia, China
China
India
Japan, China
India
China
Russia
Japan, Australia, China, Korea
Japan
The Philippines, China
Puerto Rico
The Philippines
Australia, Japan, Taiwan, USA, Ukraine, Kuwait,
New Zealand
Japan, Australia, China
Korea, Japan

Valid (type species)
Valid
Need to study
Valid
Need to study
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid

India
Japan, China, Europe
Russia
Japan, China

Syn. by Fischthal and Kuntz [14]
Syn. by Soota et al. [23]
Syn. by Skrjabin and Bashkirova [24]
Syn. by Skrjabin and Bashkirova [24]

Valid
Valid

Based on the literature [5-7,11,14,18,19,25,39-41].		
Human infections were reported in Korea [9]. 		
c
This species was considered a synonym of A. kurogamo by Skrjabin and Bashkirova [24] and Chen [25]. However, Chai et al. [9] re-examined the
original specimens deposited in Meguro Parasitological Museum in Tokyo, Japan and concluded that the 2 species are valid because of various differential morphologies.
a

b
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DISCUSSION
A. phoenicopteri, the type species, was first reported in Europe
(Tunisia) in 1898 (described under the name Echinostomum
phoenicopteri) [28]. Subsequently, A. spinulosum was discovered
from the golden plover Charadrius dominicus near Sydney, Australia [13]. Thereafter, a third species, A. ochthodromi, was described from the Philippines [34]. Yamaguti [4,5] described 7
new species in Japan (6 species) and Korea (1 species), which
included A. charadrii Yamaguti, 1939, A. kurogamo, A. marilae, A.
melanittae, A. spinulosum suzugamo Yamaguti, 1939, A. squatarolae, and A. tyosenense. Later, Acanthoparyphium longivitellatum
Oschmarin, 1956 was reported in Russia. However, Skrjabin
and Bashkirova [24] synonymized A. spinosulum suzugamo and
A. longivitellatum as synonyms of A. spinulosum. Soota et al. [23]
synonymized A. charadrii as a synonym of A. spinulosum.
Skrjabin and Bashkirova [24] and Chen [25] synonymized A.
tyosenense with A. kurogamo; however, this synonymy was denied by Chai et al. [9] because of their different body shape
and position of the acetabulum and testes [5]. In Puerto Rico
and the Philippines, A. pagollae and A. paracharadrii were described, respectively [29,31]. In India, Acanthoparyphium cambellense Soota et al., 1970 [23], A. lobatum Soota et al., 1970
[32], and A. jeetai Chakrabarti, 1972 [33] were described.
However, Fischthal and Kuntz [14] synonymized A. cambellense with A. spinulosum. In China, A. haematopi and A. loborchis
were described in 1970 and 1979, respectively [25]. The most
lately reported species was A. macracanthum from Russia [30].
Thus, in the genus Acanthoparyphium, 19 species have been described, and among them 15 species are now recognized as
valid or ‘need-to-evaluate’ species (Table 3). Geographically, A.
spinulosum is the most widely distributed species.
The new species is morphologically very close to A. spinulosum. The drawing of A. spinulosum adult in the original report
[13] showed that the 2 testes are both globular being not consistent with the feature of the new species. However, among
the worm description within the text of the original report the
posterior testis was described as a longitudinally elongate form
[13]. In another report which described the adult worm of A.
spinulosum, the 2 testes were drawn as globular (anterior one)
and almost globular (posterior one) with no description of
the testes morphology within the text [6]. However, a third
drawing of an adult A. spinulosum from California, USA
showed that the posterior testis is longitudinally elongated just
like in our specimens, and in the text, it is written as ‘The ante-

rior testis is usually wider and shorter than the posterior.’ [7].
Therefore, we considered that the morphology of the posterior
testis is not a differential character between the new species
and A. spinulosum. Rather, the larger egg size and the more limited distribution of vitelline follicles in the new species (see
Remarks) could be considered as significant differential characters between adults of the new species and A. spinulosum.
The size of the metacercariae was also different between the 2
species. In the new species, the diameter of the metacercariae
was 0.203-0.226 mm but the diameter of A. spinulosum metacercariae was 0.18-0.20 mm, smaller than the new species.
The new species is different biologically from A. spinulosum.
In our study, the natural second intermediate host was 2 species of brackish water bivalves, R. philippinarum and C. chinensis. However, in Australia, the first intermediate host was 2 species of brackish water gastropods, Pyrazus australis and Salinator
fragilis, and the latter gastropod species was experimentally
used to obtain the metacercariae [6]. In USA [7,35] and Kuwait [18], brackish water gastropod species, namely, Cerithidea
californica (syn. Cerithidea hegewischi californica) and Cerithidea
cingulata, respectively, were confirmed to be the first and second intermediate host. In USA, a bivalve species, Crassostrea
virginica (a species of oysters), was also found to be a second
intermediate host for A. spinulosum [15,36]. Information obtained so far indicates that the new species takes bivalve snails
as the second (possibly also the first) intermediate host,
whereas A. spinulosum takes gastropod and bivalve snails as the
first and/or second intermediate host.
Nevertheless, morphological and biological differences alone
seem to be not enough for a definite identification of Acanthoparyphium spp. Thus, we used molecular analysis of our
specimens (adults and metacercariae) based on 5.8S rRNA,
28S rRNA, and cox1 genes. Some difficulties were also met in
molecular analysis largely because of the lack of enough information on Acanthoparyphium spp. in GenBank to compare
with our specimens. Under the diagnosis of A. spinulosum,
there are only 2 depositions, one from USA (KM880017) (5.8S
rRNA) and the other from Ukraine (KT956939) (28S rRNA).
Another isolate (assumed as Cercaria queenslandae I Canon,
1978) of A. spinulosum based on 28S rRNA from a cerithiid
gastropod Clypeomorus batillariaeformis in southern Great Barrier Reef, Queensland, Australia has been deposited under the
name Acanthoparyphium sp. (MH257769) [22]. This isolate
was molecularly almost identical (99.6-100% identical) with
A. spinulosum from Ukraine (KT956939) and it is strongly sug-
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gested that these cercariae from Australia might be those of A.
spinulosum. However, it is mentioned in the paper that the Cercaria queenslandae I Cannon, 1978 had 25 collar spines, which is
inconsistent with the diagnosis of Acanthoparyphium [22].
Thus, it is possible that C. queenslandae I might have been a
different species belonging to the Himasthlinae.
The homologies between our samples (metacercariae and
adults) and A. spinulosum from USA (KM880017), our samples
and A. spinulosum from Ukraine (KT956939), and our samples
and Acanthoparyphium sp. from Queensland (MH257769; cercaria) were 96.1%, 97.9%, and 98.1%, not high enough for
them to be identical. The sequences of these nuclear genes
seem to be not so highly variable within the same species of
the Echinostomatidae, for example, 97.8% between Echinostoma mekongi (MT409017 in 5.8S rRNA) [37] and Echinostoma
paraensei (AF336233 in 5.8S rRNA), 2 different species of Echinostoma. It is also referable that, using a molecular study, Tkach
et al. [19] obtained 2 Acanthoparyphium spp., including A. spinulosum from Ukraine (KT956939) and Acanthoparyphium n.
sp. from USA (KT956940); their genetic identity based on 28S
rRNA was 98.0%, but the 2 isolates were treated as different
species.
In cox1 gene, there is no nucleotide deposition of A. spinulosum in GenBank. Thus, we could not compare our samples directly with A. spinulosum. Instead, we could compare the sequences of our samples with those reported under the name
Acanthoparyphium sp. Within the genus Acanthoparyphium, cox1
sequences of 6 isolates or types, i.e., 1 isolate from Kuwait
(MG792058; unpublished) and 5 types from New Zealand
[38], including Acanthoparyphium sp. A (KJ956255), B (KJ
956279), C (FJ765464), D (KJ956288), and E (KJ956289), are
available. Our samples revealed low homologies with these
isolates or types, 83.5-86.9%, and it seems that the new species is considered not homologous with these 2 groups. However, it was surprising to see that cox1 sequences between different types (A-E) of Acanthoparyphium sp. from New Zealand
also showed marked variation from 84.0% to 86.9%. The 5
types (A-E) reported from New Zealand may constitute 2 or
more species. In our samples, the cox1 sequences between
metacercariae and adults were only 94.7%, considerably lower
than expected. Further study is needed to confirm whether this
low homology in cox1 sequences was due to an intraspecific
variation or reflects distinct genetic lineages.
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