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The cinnamon flounder Pseudorhombus cinnamoneus is a frequently consumed marine fish in China. However,
the occurrence of ascaridoid larvae in P. cinnamoneus remains unclear. In the present study, a total of 85 P.
cinnamoneus caught from the Yellow Sea (off Shidao, 36°52′57″N, 122°26′42″E) in 2011, which is located be-
tweenmainland China and the Korean Peninsula, was investigated for ascaridoid larval infection. Four ascaridoid
larval types, including Anisakis type I of Berland (1961),Hysterothylacium type of Smith (1983),Hysterothylacium
typeHL of Guo et al. (2014) and Raphidascaris type of Zhao et al. (2016),were detected in this important food fish.
These larval types were identified as Anisakis pegreffii, Hysterothylacium aduncum, H. sinense and Raphidascaris
lophii, respectively, using PCR-based restriction fragment length polymorphism (PCR–RFLP) analysis and se-
quencing of the ITS region of nuclear ribosomal DNA (rDNA). The third-stage larvae of H. sinense are reported
from Chinese waters for the first time. The prevalence of H. sinense was 100% and represents the predominant
species of the ascaridoid larvae found in P. cinnamoneus. The prevalences of A. pegreffii and H. aduncum were
44.7% and 81.2%, respectively. Phylogenetic analyses based on ITS sequenceswere performed to elucidate the ge-
netic relationships of these ascaridoid nematodes. The present study increases the knowledge and distribution of
ascaridoid larvae in this area of Yellow Sea. The high prevalence of ascaridoid larvae in P. cinnamoneus shows that
an assessment needs to be undertaken to assess the risk these parasites may pose to public health.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Ascaridoid nematodes are important emerging zoonotic parasites,
which are of interest to the broader community, including those involved
in the food industry or public health. Some groups of Ascaridoidea, i.e.
Anisakis, Pseudoterranova, Contracaecum and Hysterothylacium, are recog-
nized as the parasites frequently associated with human anisakidosis,
which is an important fish-borne zoonosis acquired by humans
when consuming raw or undercooked fish infected with third-
stage larvae (Hochberg and Hamer, 2010; Baird et al., 2014). In the
coastal areas of China, consumption of raw or undercooked fish is a
common practice, and human anisakidosis is therefore an important
public health concern. To date, dozens of marine fish species in the
Chinese waters have been investigated for ascaridoid nematodes in-
fection in the last two decades by Sun et al. (1991), Luo (2001), Shih
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(2004), Shih et al. (2010), Du et al. (2010), Zhang et al. (2007, 2013),
Li et al. (2007a,b, 2012, 2013, 2016a), Liu et al. (2013), Guo et al.
(2014), Kong et al. (2015), Chen and Shih (2015) and Zhao et al.
(2016). The results of these studies have improved our knowledge
of the species composition, prevalence and distribution of ascaridoid
nematodes in Chinese waters. It is imperative to determine what
ascaridoid nematode species most frequently infects commercially
important marine fishes and to what extent these marine fishes con-
tribute to the epidemiology of anisakidosis in China, which has very
important implications for forecasting possible future infections, and
preventing or reducing the risk of human anisakidosis (Setyobudi et
al., 2013; Pekmezci et al., 2014).

The cinnamon flounder Pseudorhombus cinnamoneus (Temminck &
Schlegel) (Pleuronectiformes: Paralichthyidae) is a frequently con-
sumed marine fish in China, mainly distributed in the Western Pacific,
including the Chinese, Japanese and Philippine waters (Froese and
Pauly, 2016). However, to date, no study has investigated the occur-
rence of ascaridoid larvae in this food fish. Thus the present study was
aimed at the molecular identification of ascaridoid species present in
P. cinnamoneus collected fromYellow Sea, China. The resultswill be use-
ful to estimate the risk of human anisakidosis in future due to the con-
sumption of this widely consumed fish species.
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Table 1
Infection information and samples selected for molecular analysis of ascaridoid third-stage larvae isolated from Pseudorhombus cinnamoneus (Temminck & Schlegel) (Pleuronectiformes:
Paralichthyidae) in the Yellow Sea, China.

Larval types Species Site of infection
Prevalence (%) and
intensity (mean) Voucher specimens

No. of individuals for
PCR-RFLP

No. of individuals for
sequencing

Anisakis type I of Berland (1961) A. pegreffii Body cavity 44.7, 1–37 (4.1) 157 157 25
Hysterothylacium type of Smith (1983) H. aduncum Stomach 29.4, 1–4 (1.4) 36 36 6
Hysterothylacium type of Smith (1983) H. aduncum Body cavity 67.1, 1–9 (2.6) 151 151 20
Hysterothylacium type HL of Guo et al. (2014) H. sinense Stomach 87.1, 1–32 (5.8) 430 82 10
Hysterothylacium type HL of Guo et al. (2014) H. sinense Body cavity 95.3, 1–60 (13.0) 1053 218 17
Raphidascaris type of Zhao et al. (2016) R. lophii Stomach 1.2, 1 (1) 1 0 1
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2. Materials and methods

2.1. Parasite collection

A total of 85 P. cinnamoneus (body length 15.2–22.6 cm, bodyweight
0.16–0.24 kg), caught by the commercial trawlers from the Yellow Sea
[off Shidao (36°52′57″N, 122°26′42″E), Shandong Province, China],
were dissected for infection with ascaridoid nematodes during 22–27
April 2011. The larvae isolated from the body cavity and visceral organs
of thefish,werewashed in physiological saline, and then fixed and stored
in 80% ethanol. Theywere observed using lightmicroscopy and identified
to generic level or differentiated as different morphotypes based on the
morphological characteristics, according to Berland (1961), Smith
(1983), Shih (2004), Shamsi et al. (2011, 2013, 2015, 2016), Guo et al.
(2014), Chen and Shih (2015). The morphometric data of the ascaridoid
larvae were recorded and drawings/images were taken of the position
of excretory pore and the morphology of digestive tract, head and tail.
The prevalence (the percentage offish infectedwith parasites) and inten-
sity of infection (the numbers of parasites in infected hosts) were report-
ed following the definitions of Bush et al. (1997).

2.2. DNA extraction and amplification

Samples selected for molecular analysis are presented in Table 1.
DNA samples were extracted from individual worms using a Column
Fig. 1. Line drawings of the anterior ends of ascaridoid third-stage larvae (excretory pore arro
Hysterothylacium sinense. A, Anisakis type I of Berland (1961); B, Raphidascaris type of Zhao et
et al. (2014); E, Hysterothylacium sinense; F, eggs of H. sinense; G, posterior end of H. sinense.
Genomic DNA Isolation Kit (Shanghai Sangon, China) according to the
manufacturer's instructions. DNA was eluted in buffer and kept at −
20 °C until use. The ITS region was amplified by PCR using the primers
A (forward: 5′-GTC GAA TTC GTA GGT GAA CCT GCG GAA GGA TCA-
3′) and B (reverse: 5′-GCC GGA TCC GAA TCC TGG TTA GTT TCT TTT
CCT-3′), which were designed by D'Amelio et al. (2000), and cycling
conditions described previously (Li et al., 2012). PCR products were
checked on GoldView-stained 1.5% agarose gels and purified with Col-
umn PCR Product Purification Kit (Shanghai Sangon, China).

2.3. RFLP analyses

Restriction enzymes HinfI, TaqI and HhaI (Thermo Scientific,
Waltham, MA, USA) were used in the RFLP analysis for differentiat-
ing the species of ascaridoid larvae, according to D'Amelio et al.
(2000) and Cavallero et al. (2015). The PCR products were digested
according to the manufacturer's recommendations. The digested
samples were subjected to electrophoresis on 2% agarose gels and
then photographed.

2.4. Sequencing of the ITS region

The PCR productswere excised from the agarose gels and sequenced
using a DyeDeoxy Terminator Cycle Sequencing Kit (v.2, Applied
Biosystems, California, USA) and an automated sequencer (ABI-PRISM
wed) isolated from P. cinnamoneus collected from the Yellow Sea, China and paratype of
al. (2016); C, Hysterothylacium type of Smith (1983); D, Hysterothylacium type HL of Guo
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377). Sequencing for each sample was carried out for both strands. Se-
quences were aligned using ClustalW2 (Thompson et al., 1994) and ad-
justed manually. The newly-generated sequences were compared
Fig. 2. Photomicrographs of the cephalic ends and tails of ascaridoid third-stage larvae isolated
(1961); C, D, Raphidascaris type of Zhao et al. (2016); E, F, Hysterothylacium type of Smith (198
(using the algorithm BLASTn) with those available in the National Cen-
ter for Biotechnology Information (NCBI) database (http://www.ncbi.
nlm. nih.gov).
from P. cinnamoneus collected from the Yellow Sea, China. A, B, Anisakis type I of Berland
3); G, H, Hysterothylacium type HL of Guo et al. (2014).
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Table 2
Morphometrics of ascaridoid larval types isolated from Pseudorhombus cinnamoneus and paratypes of Hysterothylacium sinense (measurements inmm). Abbreviations: BL–length of body,
OL–length of oesophagus, VL–length of ventriculus, VW–width of ventriculus, ICL–length of intestinal caecum, VAL–length of ventricular appendix, EC–distance of excretory pore to ce-
phalic end, SL–length of spicules, ES–size of eggs, TL–length of tail.

Characteristics
Anisakis type I of
Berland (1961)

Hysterothylacium type of
Smith (1983)

Hysterothylacium type of
Guo et al. (2014)

Raphidascaris type of
Zhao et al. (2016) Hysterothylacium sinense

BL 14.3–24.2 11.1–26.0 11.2–19.2 4.60 23.1–37.1
OL 1.54–1.99 1.15–2.44 1.04–1.73 0.48 2.04–3.45
VL 0.45–0.77 0.059–0.14 0.059–0.12 0.02 0.097–0.15
VW 0.15–0.27 0.059–0.12 0.059–0.12 0.069 0.087–0.15
ICL – 0.47–1.09 0.54–1.20 – 1.26–2.33
VAL – 0.53–1.28 0.47–1.54 0.21 1.07–2.43
EC At base of lip 0.34–0.71 0.22–0.57 0.22 0.49–0.74
SL – – – – 1.65–2.32
EZ – – – – 0.036–0.042 × 0.036–0.042
TL 0.089–0.14 0.15–0.25 0.089–0.21 0.089 0.078–0.12
OL/BL (%) 7.8–10.8 8.3–10.9 7.8–12.4 10.3 7.2–10.3
ICL/VAL – 1:0.79–1.45 1:0.68–1.37 – 1:0.80–1.08
ICL/OL (%) – 37.2–52.4 52.4–75.9 – 61.0–71.0
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2.5. Phylogenetic analyses

The phylogenetic tree was constructed using MEGA 6 (http://www.
megasoftware.net/) for elucidating the genetic relationships of the
anisakid larvae obtained herein. The nucleotide sequences were aligned
using ClustalW2 (Thompson et al., 1994), edited manually and tested
with MEGA 6 model test to find the best DNA model to construct the
phylogenetic trees. Phylogenetic analyses with other known ascaridoid
nematodes were conducted using both Neighbor Joining (NJ) andMax-
imum-likelihood (ML) analyses for both loci. Evolutionary relationships
were calculated using the Kimura two-parameter model. Ascaris
lumbricoides was chosen as the outgroup. Reliabilities for both NJ and
ML trees were tested using 1000 bootstrap replications (Felsenstein,
1985) and bootstrap values exceeding 70 were considered well sup-
ported (Hillis and Bull, 1993).

3. Results

3.1. Detection of ascaridoid larvae in P. cinnamoneus

A total of 1828 ascaridoid larvae were isolated from P. cinnamoneus.
Anisakis third-stage larvae were identified morphologically as Anisakis
larval type I of Berland (1961) (Figs. 1A, 2A, B). The prevalence and
mean intensity of Anisakis type I larvaewere 44.7% and 4.1, respectively.
Only one Raphidascaris third-stage larva belonging to the Raphidascaris
larval type of Zhao et al. (2016) was isolated (Figs. 1B, 2C, D). The other
third-stage larvae all belonged to the genus Hysterothylacium, repre-
sented by two different larval types, the Hysterothylacium larval type
of Smith (1983) (81.2% of fish infected with a mean intensity of 2.7
nematodes per fish) (Figs. 1C, 2E, F) and the Hysterothylacium larval
type HL of Guo et al. (2014)1 (100% of fish infected with a mean inten-
sity of 17.4 nematodes per fish) (Figs. 1D, 2G, H). The morphometric
data of the four ascaridoid larval types and the paratypes of H. sinense
are provided in Table 2.

3.2. PCR-RFLP analyses

644 samples were selected and identified by PCR-RFLP analyses
(Table 1). Amplification of the ITS region produced a single band of
about 1000 bp for all specimens. In RFLP, digestion of the PCR products
with HinfI produced three different RFLP profiles, corresponding with
Anisakis larval type I of Berland (1961) (ca. 350, 300 and 260 bp), the
Hysterothylacium larval type HL of Guo et al. (2014) (ca. 1100 bp) and
the Hysterothylacium larval type of Smith (1983) (ca. 710 and 380 bp).
1 Hysterothylacium larval type HL of Guo et al. (2014) represents the larval type identi-
fied as third-stage larvae of H. liparis in Guo et al. (2014).
Using HhaI produced three different RFLP profiles, corresponding with
the Anisakis larval type I of Berland (1961) (ca. 530 and 430 bp), the
Hysterothylacium larval type HL of Guo et al. (2014) (ca. 300, 220, 170,
150 and 140 bp) and the Hysterothylacium larval type of Smith (1983)
(ca. 350, 280, 190 and 150 bp). Using RsaI produced three different
RFLP profiles, corresponding with the Anisakis larval type I of Berland
(1961) (ca. 550 and 310 bp), the Hysterothylacium larval type HL of
Guo et al. (2014) (ca. 1100 bp) and the Hysterothylacium larval type of
Smith (1983) (ca. 620 and 230 bp) (Fig. 3).

3.3. Sequence analyses

The ITS region was sequenced for 25 third-stage larvae of Anisakis
type I of Berland (1961), 26 third-stage larvae of the Hysterothylacium
type of Smith (1983), 27 third-stage larvae of the Hysterothylacium
type HL of Guo et al. (2014) and 1 third-stage larva of the Raphidascaris
type of Zhao et al. (2016) (approximately 10% of the samples of each lar-
val type, except for the third-stage larva of Raphidascaris) (Table 1).
However, no intraspecific nucleotide differences were detected in the
ITS sequences between these individuals of each species. Three ITS se-
quences of the paratypes of H. sinense obtained herein, also displayed
no intraspecific nucleotide variability. There are over 150 ITS sequences
of A. pegreffii registered in GenBank, and pairwise comparison between
our present third-stage larvae of Anisakis type I of Berland (1961) and
the ITS sequences of A. pegreffii registered in GenBank displayed no nu-
cleotide differences (AY821738, AY821740, AY821745, EU624343,
KJ011486, JQ900763, JQ934869, JQ934867, JQ934871, KP301519,
KF032066) (Nadler et al., 2005; Quiazon et al., 2009; Smrzlić et al.,
2012; Setyobudi et al., 2013; Mattiucci et al., 2013; Sohn et al., 2014)
to 0.11% nucleotide differences (KJ011495–KJ011498, JN005756)
(Hermida et al., 2012; Sohn et al., 2014). There is only one ITS sequence
of H. sinense (KX084795) registered in GenBank, and pairwise compar-
ison between the present third-stage larvae of the Hysterothylacium
type HL of Guo et al. (2014) and the ITS sequence of H. sinense
(KX084795) showed 100% identity. There are over 100 ITS sequences
of H. aduncum registered in GenBank, and pairwise comparison be-
tween our third-stage larvae of the Hysterothylacium type of Smith
(1983) and the ITS sequences of H. aduncum registered in GenBank
displayed between 0 (KF736937) (Guo et al., 2014) and 0.50%
(KT852542) (Klapper et al., 2016) nucleotide differences. There are 27
ITS sequences of R. lophii registered in GenBank and pairwise compari-
son between our third-stage larva of Raphidascaris and the ITS se-
quences of R. lophii registered in GenBank displayed from 0
(KP262039, KP326520–KP326531, KP326533–KP326538, KP419720)
(Xu et al., 2012; Li et al., 2016a; Zhao et al., 2016) to 0.30% (JF809816,
KP326532) (Xu et al., 2012; Zhao et al., 2016) nucleotide differences.
Consequently, we considered that the four species of ascaridoid larvae
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Fig. 3. PCR-RFLP analyses of ITS rDNA obtained for Anisakis and Hysterothylacium larval
individuals with HinfI, HhaI and RsaI (the profiles for each restriction endonuclease
represent Hysterothylacium type of Smith (1983) (lane 1), Hysterothylacium type HL of
Guo et al. (2014) (lane 2), Anisakis type I of Berland (1961) (lane 3), negative control
(lane 4), M refers to the 100 bp ladder).
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in our study belong toA. pegreffii [=Anisakis type I of Berland (1961)],H.
aduncum [=Hysterothylacium type of Smith (1983)], H. sinense [=
Hysterothylacium type HL of Guo et al. (2014)] and R. lophii
[Raphidascaris type of Zhao et al. (2016)], respectively. The ITS se-
quences of the different individuals of each species obtained herein
only represent one genotype, thus we uploaded only one ITS se-
quence for each species. The ITS sequences of these four species of
ascaridoid larvae obtained herein are deposited in the GenBank data-
base (http://www.ncbi.nlm. nih.gov) under accession number H.
aduncum (KX110074), H. sinense (KX110078), A. pegreffii (KX110076)
and R. lophii (KX110077).
3.4. Phylogenetic analyses

Phylogenetic analyses showed that the NJ andML treeswere similar in
topology, and both revealed that the representatives of ascaridoid nema-
todes includedwere divided into two distinct clades (Figs. 4, 5). Clade I in-
cluded the species ofHysterothylacium, Raphidascaris and Raphidascaroides
(representing Raphidascarididae). Clade II included the species of Anisakis,
Pseudoterranova and Contracaecum (representing Anisakidae) (Figs. 4, 5).
The identities of genotypes obtained in this study are also indicated by
the phylograms: the genotype KX110076, constituted a monophyletic
group representing A. pegreffii (KF032066); the genotype KX110077 is
clustered with the previously reported sequence representing R. lophii
(KP262039); the genotype KX110078 is grouped together with H. sinense
(KX084795); the genotype KX110074 grouped with the published
sequence representing H. aduncum (KF736937) (Figs. 4, 5).

4. Discussion

Ascaridoid larvae have been recorded in awide range ofmarinefish-
es worldwide, and third-stage larvae of many ascaridoid species are
known to be the etiological agents for human anisakidosis. The specific
identification of ascaridoid larvae in the frequently consumed marine
fishes is crucial for studying their epidemiology and forecasting possible
future infections. However, it is nearly impossible for the accurate iden-
tification of ascaridoid larvae to the species level only usingmorpholog-
ical characterization (Li et al., 2012; Chen and Shih, 2015). In recent
years, many studies have proved that PCR-based restriction fragment
length polymorphism (PCR–RFLP) analysis of the internal transcribed
spacer (ITS) of nuclear ribosomal DNA (rDNA) provides a simple and
practical approach for the specific delimitation of both distantly and
closely related ascaridoid species (D'Amelio et al., 2000; Du et al.,
2010; Espineira et al., 2010; Setyobudi et al., 2013; Chen and Shih,
2015; Kong et al., 2015; Cavallero et al., 2015). To date, PCR-RFLP has be-
come one of themost commonmolecularmethods for large-scale stud-
ies involving nematode species identification. However, it contains a
number of limitations. A major disadvantage of PCR-RFLP is that there
is no guarantee that all species will give unique restriction patterns.
An unknown sample containing a species that has not yet been analyzed
with PCR-RFLP could be falsely identified if its restriction profile
matches that of a previously studied species (Sotelo et al., 2001;
Rasmussen and Morrissey, 2008). Consequently, the combination of
PCR-RFLP and sequencing of the ITS target region has been widely rec-
ommended for accurately differentiating and identifying ascaridoid lar-
vae (Umehara et al., 2010; Du et al., 2010; Smrzlić et al., 2012; Setyobudi
et al., 2013; Zhang et al., 2013; Pekmezci et al., 2014; Cavallero et al.,
2015; Chen and Shih, 2015; Kong et al., 2015). In the present study,
the ITS region of the Anisakis and Hysterothylacium larvae isolated
from P. cinnamoneus was digested with 3 restriction enzymes HinfI,
TaqI and HhaI. The restriction profiles of the Anisakis larval type I of
Berland (1961) and the Hysterothylacium larval type of Smith (1983)
were consistent with A. pegreffii and H. aduncum in previous studies
(D'Amelio et al., 2000; Du et al., 2010; Espineira et al., 2010; Setyobudi
et al., 2013; Chen and Shih, 2015; Kong et al., 2015; Cavallero et al.,
2015). However, there has been no report of the PCR–RFLP patterns of
H. sinense [=the Hysterothylacium larval type HL of Guo et al. (2014)]
obtained by digestion of ITS amplicons with the restriction enzymes
HinfI, TaqI and HhaI. The results of our PCR-RFLP analyses indicated
that the restriction enzymes HinfI, TaqI and HhaI are able to distinguish
H. sinense from H. aduncum by the fragment lengths and patterns. The
diagnostic profiles of H. sinense based on restriction enzymes (HinfI,
TaqI and HhaI) could be used as taxonomic criteria for the rapid and ac-
curate identification of this species.

Most ascaridoid larvae (78.3%) isolated from P. cinnamoneuswereH.
sinense, the adults of which have been reported from several marine
fishes in the Yellow Sea, China by Li et al. (2007a). This is the first report
of the third-stage larvae of H. sinense from Chinesewaters. There is only
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Fig. 4. Neighbor-Joining (NJ) tree revealing phylogenetic relationships of four species of Anisakis, Hysterothylacium and Raphidascaris isolated in this study (shown in bold) and anisakid
species registered in GenBank based on ITS rDNA sequences. Ascaris lumbricoides was chosen as the outgroup. Values above nodes correspond to bootstrap percentages above 50%.
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one ITS sequence of H. sinense registered in GenBank, which was based
on paratype of this species by the corresponding author of the present
study. In order to further ascertain the systematic status of the third-
stage larvae of the Hysterothylacium type HL of Guo et al. (2014) and
to test whether there are intraspecific nucleotide differences in the ITS
region in H. sinense, three additional paratypes of H. sinense were
characterized by sequencing and analyzing the ITS sequence. Three ITS
sequences of the paratypes of H. sinense obtained herein (KX817293–
KX817295) showed no intraspecific nucleotide variability. A compari-
son of these three ITS sequences of H. sinense with that available in
GenBank displayed 100% identity. There were no nucleotide differences
detected in the ITS sequences between the third-stage larvae of the
Hysterothylacium type HL of Guo et al. (2014) collected from P.
cinnamoneus in the present study and the paratypes of H. sinense. Be-
cause many significant taxonomic morphological features are not fully
developed in the third-stage larvae, it is unreliable and unpractical to
identify ascaridoid larvae to species-level based onmorphological char-
acters. However, the relative length of the intestinal caecum to the oe-
sophagus and the ratio of the intestinal caecum to the ventricular
appendix of the third-stage larvae of the Hysterothylacium type HL of
Guo et al. (2014) are similar to that of the adults of H. sinense (Fig. 1E,
Table 2). Moreover, they occurred in the same geographical area.
Therefore, it is reasonable to consider our present larval specimens to
be conspecific with H. sinense. However, we only detected the third-
stage larvae of H. sinense in P. cinnamoneus (we did not find adults),
which possibly indicates that P. cinnamoneus serves as an intermediate
or paratenic host forH. sinense. To date, our knowledge of the phylogeny
of the genus Hysterothylacium is fragmentary. The genetic relationships
ofH. sinense and the otherHysterothylacium species remain unclear. The
phylogenetic analyses presented here revealed a sister relationship ofH.
sinense with H. liparis, with very high supported value (Figs. 4, 5).

Anisakis pegreffii and H. aduncum were the subdominant species of
ascaridoid larvae found in P. cinnamoneus, but both detected frequently
in marine fishes in the Northwest Pacific (Shih, 2004; Quiazon et al.,
2011; Umehara et al., 2006, 2010; Zhang et al., 2007; Du et al., 2010;
Li et al., 2007b, 2013; Guo et al., 2014; Chen and Shih, 2015). To date,
most cases of human anisakidosis in Japan are known to be caused by
A. simplex (s. s.) (D'Amelio et al., 1999; Macpherson, 2005, Umehara et
al., 2007; Quiazon et al., 2011; Audicana and Kennedy, 2008; Suzuki et
al., 2010). Suzuki et al. (2010) and Quiazon et al. (2011) stated that A.
pegreffii has a lower capacity to penetrate fish musculature compared
to A. simplex (s. s.). However, A. pegreffii is also capable of penetrating
fish muscle and causing lesions in rats and human anisakidosis
(Fumarola et al., 2009; Romero et al., 2013). Recent molecular studies



Fig. 5. Maximum likelihood (ML) tree revealing phylogenetic relationships of four species of Anisakis, Hysterothylacium and Raphidascaris isolated in this study (shown in bold) and
anisakid species registered inGenBank based on ITS rDNA sequences.Ascaris lumbricoideswas chosen as the outgroup. Values abovenodes correspond to bootstrap percentages above 50%.
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of clinical isolates have shown that in Europe, A. pegreffii is most fre-
quently associated with human anisakidosis (D'Amelio et al., 1999;
Paggi et al., 2001; Fumarola et al., 2009;Mattiucci et al., 2011, 2013). Ac-
cording toMattiucci andNascetti (2006, 2008), A. pegreffii is mainly dis-
tributed in the Mediterranean Sea, the South Atlantic and the Austral
Region between 35° N and 55° S. However, many previously published
studies (Zhang et al., 2007; Du et al., 2010; Li et al., 2013; Setyobudi et
al., 2013; Guo et al., 2014; Chen and Shih, 2015; Kong et al., 2015),
have indicated that A. pegreffii is also widely distributed in the Yellow
Sea, the East China Sea and the Taiwan Strait and it appears to be the
predominant Anisakis species in these areas. Indeed, A. pegreffii seems
to be the most important potential etiological agent for human
anisakidosis in Mainland China, in spite of the fact that the causative
pathogen of the case of human anisakidosis reported in Mainland
China has not been precisely identified (Qin et al., 2013). There are
over 150 ITS sequences of A. pegreffii registered in GenBank, most of
which are identical to our ITS data of third-stage larvae of Anisakis
type I of Berland (1961), i.e. (AY821738, AY821740, AY821745,
EU624343, KJ011486, JQ900763, JQ934869, JQ934867, JQ934871,
KP301519, KF032066) (Nadler et al., 2005; Quiazon et al., 2009;
Smrzlić et al., 2012; Setyobudi et al., 2013; Mattiucci et al., 2013; Sohn
et al., 2014). Only a few ITS sequences of A. pegreffii registered in
GenBank showed a very low level of nucleotide variability (0.11% nucle-
otide differences), i.e. (KJ011495–KJ011498, JN005756) (Hermida et al.,
2012; Sohn et al., 2014). Thus we considered our third-stage larvae of
Anisakis type I of Berland (1961) to be conspecific with A. pegreffii.
Many previous phylogenetic studies based on different ribosomal
and mitochondrial target markers, have proved that A. pegreffii and
A. simplex have very close relationship (Mattiucci and Nascetti,
2006; Smrzlić et al., 2012; Borges et al., 2012; Zhang et al., 2013;
Koinaria et al., 2013; Setyobudi et al., 2013; Kong et al., 2015). The
present phylogenetic analyses based on ITS data also revealed the
sister relationship between A. pegreffii and A. simplex with high
branch supports (Figs. 5).

Hysterothylacium aduncum is a common parasite in various marine,
estuarine and freshwater fishes worldwide (Li et al., 2016b). Yagi et al.
(1996) reported a case of human anisakidosis caused by this species.
There are over 100 ITS sequences of H. aduncum registered in GenBank.
However, pairwise comparison between our specimens of the
Hysterothylacium type of Smith (1983) and the ITS sequences of H.
aduncum registered in GenBank displayed very low level of nucleotide
differences (0–0.50%), which should be considered as intraspecific nu-
cleotide variability. Therefore, we considered that these larvae of the
Hysterothylacium type of Smith (1983) collected from P. cinnamoneus
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should belong to H. aduncum, H. aduncum seems to be a colder water
ascaridoid species. Adroher et al. (1991) demonstrated that the opti-
mal temperature for the survival of H. aduncum in vitro was 16 °C
and that this nematode survived for only a few hours at 37 °C. The
present results of phylogenetic analyses based on ITS data supported
the hypothesis that H. aduncum is closely related to H. auctum, which
is consistent with the recent study by Zhao et al. (2016). The present
finding of a heavy infection of Hysterothylacium larvae in P.
cinnamoneus, suggests that we need to attach increased importance
to this group of parasites.

The cinnamon flounder P. cinnamoneus is a demersal fish that eats
benthic crustaceans and small fishes (Amaoka and Hensley, 2001) and
may therefore become infected with A. pegreffii and H. aduncum larvae
by consuming these invertebrates and vertebrates, which are interme-
diate or paratenic hosts of these nematodes (Smith, 1983; Koie, 2001;
Klimpel et al., 2004). However, the life cycles of H. sinense and R. lophii
are still unclear. We speculate that the oceanic life cycle of these
two species may be similar to the life cycle patterns of H. aduncum.
The high level of infection of ascaridoid larvae showed that P.
cinnamoneus serves as a suitable intermediate/paratenic host for
these anisakids, especially for H. sinense (prevalence 100%; mean in-
tensity 17.4). Guo et al. (2014) surveyed the occurrence of ascaridoid
nematodes in Tanaka's snailfish, Liparis tanakae (Gilbert & Burke)
(Scorpaeniformes: Liparidae) in the Yellow Sea and East China Sea,
and demonstrated that L. tanakae was heavily infected with four
species of ascaridoid nematodes H. liparis, H. fabri, A. pegreffii and
H. aduncum (total prevalence 100% and mean intensity 82.3 nema-
todes per fish) and that the prevalence of A. pegreffii and H. aduncum
was 10.0% and 100%, respectively. Although P. cinnamoneus and L.
tanakae have the similar feeding habits and geographical distribu-
tions (Yamada et al., 1995; Froese and Pauly, 2016), the species com-
position and the level of infection of ascaridoid species are different
to those we found in P. cinnamoneus.

Although it is also common to eat raw or undercooked seafood
dishes in China, especially in the coastal areas, people generally lack
awareness of human anisakidosis and the risk of anisakidosis is
underestimated. The data obtained herein increases the knowledge of
the species and distribution of ascaridoid larvae in this area of the Yel-
low Sea. The high level of ascaridoid larvae infection in P. cinnamoneus
indicates that an assessment needs to be undertaken to assess the risk
these parasitesmay pose to public health.More extensive investigations
of the ascaridoid nematodes infecting a variety of food fish species in
Chinese waters will be necessary to clarify the epidemiology of
anisakidosis in China.
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