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Cryptocotyle lata (Trematoda: Heterophyidae) Adult from a
Korean Raccoon Dog, Nyctereutes procyonoides koreensis
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Abstract: Total 513 heterophyid flukes were collected from a carcass of wild Korean raccoon dog, Nyctereutes procyo-
noides koreensis, in Korea. With morphological and molecular characteristics, the flukes were identified to Cryptocotyle
lata. The adult C. lata were minute, transparent, pentagonal, 522 um long by 425 pm wide. Ceca extended into post-tes-
ticular region. Ventrogenital sac elliptical, 79 pm by 87 pm with genital pore and ventral sucker. Two testes semielliptical
and slightly lobed, located in the posterior region, right testis 173 um by 155 pm, left testis 130 um by 134 um. In a phylo-
genetic tree, the fluke specimen of this study was grouped with C. /ata divergent from Cryptocotyle lingua. We report here
N. procyonoides koreensis first as a natural definitive host of C. /ata.
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The family Heterophyidae contains a number of intestinal
trematodes that can be found in various vertebrates including
birds and mammals and they also have potential of zoonosis
[1]. In the Republic of Korea (Korea), more than 14 species of
heterophyid flukes, i.e., Metagonimus spp., Heterophyes nocens,
Pygidiopsis summa, Heterophyopsis continua, Stictodora fuscata, St-
ictodora lari, Acanthotrema felis, Stellantchasmus falcatus, Centro-
cestus armatus, Procerovum varium, Cryptocotyle sp., Cryptocotyle
concava and Euryhelmis squamula, were reported from carnivore
(feral or stray cat and raccoon dog) [2-5]. Of these heterophyid
flukes, members of genus Cryptocotyle are mainly developed in
the intestines of fish-eating birds and mammals as adult
worms [6-9].

Fluke members in the genus Cryptocotyle are mainly divided
into 2 types, i.e., linguiform and pentagonal or ovoid form, by
the body shape. A total of 4 species, i.e., C. dominicana, C. jeju-
na, C. lingua and C. thapari, were described as the linguiform
species [6,10-15]. As the pentagonal or ovoid form species,
more than 9 ones, i.e., C. concava, C. cryptocotyloides, C. quin-
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queangularis, C. badamshini, C. delamurei, C. misgurni, C. gyrini-
cola, C. yamashitai and C. lata, were recorded in the literatures
[5,8,10,15-24].

Recently, Tatonova and Besprozvannykh described a new
species of genus Cryptocotyle, C. lata n. sp. [24]. They recovered
adult worms from domestic duck, Anas platyrhynchos, which
were experimentally infected with metacercariae collected
from the second intermediate hosts, Rhynchocypris percnurus
mantschuricus and Rana dybowskii, in Russia [24]. However, the
natural definitive hosts of C. lata have not been reported yet.

A wild raccoon dog was found in Hyoja-dong (dong=
neighborhood) (37°52'02.6"N, 127°44'44.3"E), Chuncheon-
si (si=City), Gangwon-do (do = Province), Korea in May 2015.
The rescued raccoon dog was moved to the Gangwon Wildlife
Medical Rescue Center (WMRC) at Kangwon National Univer-
sity, and found dead at WMRC in the next day (May 15, 2015).
A total of 513 trematode worms were recovered from the small
intestines of the raccoon dog. For the morphological study, we
photographed the flukes before and after fixation with 70% al-
cohol. A typical image was created using tracing paper. All mea-
surements (n=10) are presented as arithmetic mean (range) in
micrometer (pm).

Genomic DNA was extracted from the flukes using the
DNeasy® Blood and Tissue Kit (Qiagen, Alameda, California,
USA) according to the manufacturer’s instructions. Based on
the 18S ribosomal RNA gene sequences of Euryhelmis costari-
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censis (AB5217897), primers were designed using the online
tool Primer3Plus (http://www.bioinformatics.nl/cgi-bin/prim-
er3plus/primer3plus.cgi). The sequences of primers employed
to detect thel18S rRNA gene (DNA) of Cryptocotyle specimens
were as follows: 5-TGCCITATCCCAGGTACGAC-3’ (forward
primer) and 5-CAGITCAACTCCACCCGITT-3" (reverse prim-
er). The primer set was designed to yield 979 bp amplicon.
The reaction mix was prepared with EmeraldAmp GT PCR
Master Mix (Takara, Shiga, Japan) and 1 l of the fluke’s DNA
aliquot. PCR was performed using MyCycler Personal Thermal
Cycler (Bio-Rad Laboratories, Hercules, California, USA).PCR
was performed under standard condition with 30-35 cycles of
95°C for 30 sec, annealing at 60°C for 30 sec, and extension at
72°C for 1 min. The PCR amplicons were electrophorezed on
1.2% agarose gel, and the target DNA bands were purified us-
ing the QIAquick PCR Purification Kit (Qiagen, Alameda, Cal-
ifornia, USA). The PCR amplicons were directly sequenced us-
ing the ABI Prism Big Dye terminator v. 3.0 ready reaction cy-
cle sequencing kits (Applied Biosystems, Foster City, Califor-
nia, USA) and the PCR primers. After trimming, the amplicon
revealed 784 bp sequence, and aligned using Clustal Omega
program (Clustal O, EMBL-EBI, Hinxton, Cambridgeshire,
United Kingdom). A phylogenetic tree was constructed with
homologous sequences retrieved from NCBI by using neigh-
bor-joining (NJ) method [25].

The morphological characters of total 513 heterophyid
flukes in this study were as follow (Fig. 1). Body small, trans-
parent, pentagonal, 522 (339-646) pm long and 425 (300-
493) pm wide. Oral sucker subterminal, 59 (52-65) pm by 66
(53-71) pm. Pharynx large, spherical, 56 (38-61) um by 47
(43-49) pm. Esophagus slender, straight, long, 87 (79-96) pm
in length (Fig. 1B). Ceca extended into post-testicular region.
Ventrogenital sac elliptical, 79 (71-88) pm by 87 (83-91) pm
with genital pore and ventral sucker. Seminal vesicle saccate,
98 (59-121) pm by 185 (117-205) pm. Ovary spherical, 128
(86-148) um by 164 (109-180) pm, lying dextral to median
line. Seminal receptacle elliptical and large, 89 (68-118) pm by
95 (77-131) pm, just behind of the left margin of ovary. Two
testes semielliptical and slightly lobed, located pararelly in the
posterior region, right testis 173 (168-190) pm by 155 (150-
157) pm, left testis 130 (110-145) pm by 134 (120-147) pm.
Vitellaria follicular along mainly extra-cecal margin from pos-
terior bifurcation of the intestinal ceca to posterior end of
body. Uterus passed transversally from left to right, then from
right to left in field surrounded by ventrogenital sac, ceca and
gonads, containing 10-45 eggs. Eggs operculated, with slight
polar thickening, undeveloped when laid, and 35 (32-37) pm
by 18 (17-20) pm. These morphological characteristics im-
plied the minute heterophyid flukes to be C. lata.

To determine the phylogenetic relationship with other para-

00 pm

Fig. 1. Cryptocotyle lata adult recovered from the small intestine of a Korean raccoon dog. (A) Unstained fluke. (B) Schematic drawing.

G, ventrogenital sac.
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sites, we analyzed the genomic DNA of the specimens using
phylogenetic analysis. The partial sequence of 18S rRNA of
Cryptocotyle specimens was registered into GenBank under an
accession number (MZ436998.1) for Cryptocotyle specimens.
The sequencing information was compared to those of other
parasites, including E. costaricensis (AB521800.1), Euryhelmis
zelleri (KM594133.1) and C. lingua (MW361240.1). The partial
18S rRNA sequence (784 bp) of the Cryptocotyle specimens
contained 1 variable point (99% similarity) that belonged to
the same clade of C. lata. The 18S rRNA sequence of Cryptocot-
yle specimens was inferred using the NJ method. The Cryptocot-
yle specimen showed high similarity (97%) to C. lingua (Fig. 2).
The sequence of Cryptocotyle specimen was closely grouped
with C. lata divergent from C. lingua. Based on these morpho-
logical characteristics and phylogenetic features, our Cryptocot-
yle specimen (MZ436998.1) was identified to C. lata.

The species of the genus Cryptocotyle are world-widely dis-
tributed in the marine and freshwater environment [6]. Al-
though the literature on the life cycle of Cryptocotyle species is
scarce, snails and fish are known as first and second intermedi-
ate hosts, respectively. And the definitive hosts for Cryptocotyle
spp. are also known as fish-eating birds and mammals [8,9,

17].

As far as we know, the species known only from mammals
are C. badamshini from Caspian seals [20], C. delamurei from
Commander fur seal [21], C. quinqueangularis from cat [15], C.
yamashitai from red fox [23], and C. thapari from River Otter
[15]. Only two, C. cryptocotyloides has been reported only from
birds (the arctic loon, Gavia arctica) in Russia [18] and C. do-
minicana from Kelp gull [6]. Four species are known from both
birds and mammals; C. concava from many different birds and
mammals [5,10,15-17,26]; C. jejuna from gulls and dogs
[11,12,15]; C. lingua primarily from marine birds, marine
mammals, dogs, cats, and Rattus [12,15]. Among them, C. con-
cava of carnivorous mammals such as feral cats and raccoons
and C. lingua of Larus argentatus, a herring gull, have been re-
ported by former researchers in Korea [2,3,27]. On the other
hand, there are some species whose natural final host is un-
known. Adults of C. gyrinicola were obtained experimentally
by feeding cats and pigeons with metacercariae from tadpoles
[22], and adults of C. misgurni were obtained experimentally
by feeding golden hamsters with metacercariae encysted in
loaches [8]. Adults of C. lata were obtained experimentally by
feeding ducklings with metacercariae encysted in tadpoles and
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Fig. 2. A phylogenetic tree based on Cryptocotyle lata 18S rRNA sequences.
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= fish [24]. We also reported a heterophyid fluke, E. squamula,
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