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Abstract

Contracaecum species are economically important fish-borne larval nematodes with zoonotic significance. In June
2019, more than 100 piscivorous birds died in their habitats close to the Wild Duck Lake, located in Yanqing,
northwest of Beijing, China. Post-mortem examination of Black Night Herons (Nycticorax) revealed the presence
of numerous anisakid nematodes in the proventriculus. Recovered nematodes were identified as Contracaecum
sp. based on morphological description. Phylogenetic analysis of the mitochondrial (mt) genome and the ITS
gene showed that sequences of Contracaecum sp. Beijing isolates were grouped into a new individual cluster.
Furthermore, the parasite was successfully isolated from fresh dead birds, feces of piscivorous birds, and fish and
prevalence ranged from 8.0% to 81.8%. Consequently, our study demonstrated Contracaecum sp. infections in
different sources from China, which might constitute a threat to wildlife, aquaculture, and public health.
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INTRODUCTION

Contracaecum species are parasitic nematodes be-
longing to the family Anisakidae, order Ascaridida and
phylum Nematoda. Their life cycle ecology involves
cephalopods, copepods, crustaceans, and other inverte-
brates as first intermediate hosts, various species of fish
as second intermediate hosts, and marine mammals and
piscivorous birds as definitive hosts (Lymbery et al. 2002;
Shamsi et al. 2009a; Shamsi 2019). These anisakid nema-
todes are responsible for economic losses in the seafood
industry (Shamsi et al. 2018a), and also cause gross

© 2020 International Society of Zoological Sciences, Institute of Zoology/
Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd.

1



Q. Zhang et al.

hemorrhages and severe ulcerative eosinophilic granulo-
mas on penetration of the mucosa of proventriculus, and
even produce minor to extensive areas of necrosis lead-
ing to emaciation and death of birds (Rokicki et al. 2011;
Kumar et al. 2019). Humans (as accidental hosts) become
infected by ingestion of raw or under-cooked fish carry-
ing third-stage larvae, which cause human disease (i.e.
anisakiasis) (Song et al. 2019; Shamsi & Butcher 2011).
Typical symptoms of anisakiasis include gastric, intesti-
nal, ectopic, and allergic forms.

To date, there are more than 100 species within the
genus Contracaecum based on morphological and molec-
ular genetic characterization (Shamsi 2019). The internal
transcribed spacers (ITS) sequences have been used as
ideal markers for studying parasite classification and ge-
netic variation (Zhu et al. 2007). ITS genetic studies have
indicated that C. rudolphii consists of 6 sibling species,
including C. rudolphii A, C. rudolphii B, C. rudolphii
C, C. rudolphii D, C. rudolphii E, and C. rudolphii F,
which was difficult to delimiting them in morphology
(Shamsi et al. 2009b). Recent studies have emphasized
that mitochondrial DNA (mtDNA) especially amino acid
sequences inferred from mt genome are much more use-
ful for exploring cryptic/sibling species of anisakid ne-
matodes than ITS sequences (Mohandas et al. 2014; Liu
et al. 2015).

Contracaecum sp. are widely distributed in fish and
fish-eating birds in America, Europe, Asia, and Australia
(D’Amelio et al. 2007; Shamsi et al. 2009b; Molnár et al.
2019; Shamsi 2019). In China, few studies reported Con-
tracaecum sp. from piscivorous birds (cormorants and
white pelicans) and marine fishes (Ruan 2007; Zhu et al.
2007; Li et al. 2013; Chen et al. 2014). Here, we describe
Contracaecum sp. infection in Black Night Heron (Nycti-
corax), Little egret (Egretta garzetta), and fresh-water fish
in China and provide molecular evidence for its specific
identification.

MATERIALS AND METHODS

Ethics Statement

This study was conducted in accordance with the
Guidelines for the Care and Use of Animals at the Insti-
tute of Zoology, Chinese Academy of Sciences.

Sample collection

Wild Duck Lake, located in Yanqing, northwest of Bei-
jing, China, serves as an important migratory stop-off
point for birds in bird migration route between East Asia

and Australia. During the period from May to July in
2019, more than 100 wild aquatic birds, including Black
Night Heron (Nycticorax), Little Egret (Egretta garzetta),
and Chinese Pond-heron (Ardeola bacchus) were dead in
its habitats (40°27′N, 115°53′E) just 6 km away from this
wetland natural reserve. Eleven fresh dead birds, includ-
ing 9 Black Night Herons and 2 Little Egrets (their car-
casses were extreme emaciation) were collected and im-
mediately transported to the laboratory for further study.

Sample handling and parasitological

examination

Upon necropsy, 98 nematodes (56 females, 42 males)
were recovered from the proventriculus of 9 of 11 dead
birds except for 2 chicks (mean infection intensity 10.89,
standard deviation 6.05, 4–21). A routine parasitologi-
cal examination for nematodes was visually performed
in light morphological and scanning electron microscopy
(SEM). The anterior and posterior of individual speci-
mens were preserved in lactic-phenol for light morpho-
logical examination; the remaining part of each worm
was used for molecular analysis. Specimens were subse-
quently fixed in 2.5% glutaraldehyde in cacodylate buffer
overnight, and then subjected to a graded dehydration
process in ethanol critical-point dried, coated with gold-
palladium, and observed in SEM. In addition, virological
testing, bacteriological identification, and histopathologi-
cal examination were performed to explore the cause of
death.

Sequence analyses

Genomic DNA isolation was performed with DNA
extracted Kit (TIANamp Genomic DNA Kit) from the
middle part of larvae according to the manufacturer’s
protocol. Mitochondria DNA sequencing, genome as-
sembly, and genome annotation were conducted by
Shanghai BIOZERON Co., Ltd. Briefly, 1 μg of purified
DNA was fragmented and used to construct short-insert
libraries (insert size 430 bp) and then sequenced on the
Illumina Hiseq 4000. The filtered reads were assembled
into contigs using SOAPdenovo2.04. The mitochondria
genes were annotated using homology alignments and
denovo prediction, and the EVidenceModeler v1.1.1
(Haas et al. 2008) was used to integrate gene set. Trans-
fer RNA (tRNA) genes and ribosome RNA (rRNA)
genes were predicted by tRNAscan-SE (Lowe & Eddy
1997) and rRNAmmer 1.2 (Lagesen et al. 2007). The
circular of nematode mitochondria genome map was
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Table 1 Epidemiological investigation on Contracaecum sp. in different sources

Source
No. of

specimens
Positive

specimens
Prevalence %

(95% CI)

Mean infection intensity
(standard deviation,

min–max)

Piscivorous birds 11 9 81.8 (54.6–109.0) 10.89
†

(6.05, 4–21)

Feces 25 2 8.0 (3.4–19.4) 250.0
‡

(70.71, 200–300)

Fresh-water fish 70 11 15.7 (7.0–24.5) 8.73 (5.52, 3–20)

Total 106 22 20.8 –

†Parasites/sample; ‡number of eggs per gram of feces.

drawn using OrganellarGenomeDRAW v1.2 (Lohse et al.
2007). ITS regions were amplified using the primers
NC5 (5′-GTAGGTGAACCTGCGGAAGGATCAT3′)
and NC2 (5′-TTAGTTTCTTTTCCTCCGCT-3′) (Zhu
et al. 2007). All PCR positive products were purified and
bi-directionally sequenced by BGI Sequencing (Beijing,
China). The obtained sequences were firstly subjected to
BLAST searches and compared with reference sequences
in GenBank. The representative nucleotide sequences of
this study have been deposited in the GenBank database
under accession number MN892395 for mitochondrial
genome and MN098475-MN098476 for ITS sequences.

Phylogenetic analyses

Amino acid sequences of 12 mt protein inferred from
the mt genome of Contracaecum sp. were aligned indi-
vidually using MAFFT online service (Katoh et al. 2019),
and ambiguously aligned regions were excluded using
Gblocks online version (Talavera & Castresana 2007).
Finally, aligned sequences were concatenated to form a
single dataset. Phylogenetic analysis was constructed by
using the Bayesian (BI) and maximum likelihood (ML)
inference. According to previous studies, Bayesian anal-
ysis was implemented using CIPRES and MrBayes 3.2.6,
and maximum likelihood analysis was also performed
using CIPRES and RAxML v.7.0.3. Phylograms were
drawn using the program FigTree v1.4.0.

Characterization of Contracaecum sp. in other

sources

To estimate the infection status and determine the
source of the nematodes, samples including fresh fecal
samples of fish-eating birds (n = 25) and fresh-water
fish (n = 70) were collected in this region. All samples
were detected by parasitological examination (larvae and

parasite eggs), morphological description, and molecular
identification (mainly ITS and COX-2 sequence).

RESULTS

Morphological description of 98 nematodes

Upon necropsy, the proventriculus wall was thickened
and 98 nematodes (56 females, 42 males) were recovered
from the proventriculus of 9 of 11 dead birds except for
2 chicks (Table 1). The nematode had similar morpholog-
ical characters such as light yellow, linear, and gradually
tapered toward the ends. Infection intensity was 4–21 par-
asites/bird (mean 10.89) and average specimen length was
10.3 mm (range 8–15 mm), which was shorter than other
Contracaecum species. Through the microscopic exami-
nation, the larvae were covered with a rigid cuticle that
had an annular transverse striation. The anterior end was
surrounded by 3 developed lips (1 dorsal and 2 subven-
tral) (Figs. 1a and 2a). The caudal end of male was slightly
rolled with the presence of 2 spicules and was curved
to the ventral side (Fig. 1b) but simple and conical in
female worms (Fig. 2c). Numerous eggs were found in
the sinuous uterus (Fig. 1c). By SEM, most character-
istics of anterior end (such as dorsal lip, interlabia, lip
auricle tip, and lip auricles) and posterior end (such as
cloacal) (Fig. 2a,b) were in accordance with nematodes
of the genus Contracaecum. Morphological examination
results showed that these third stage larvae belong to the
genus Contracaecum. In addition, we failed to detect any
known viral pathogens and pathogenic bacteria from the
dead fish-eating birds. Histopathological examination of
the proventriculus revealed segmental necrosis, fibrosis,
and damaged mucosal integrity at the border of the glan-
dular gastric mucosa (Fig. S1, Supporting Information),
and the pathological severity might positively correlate
with the number of parasites in the proventriculus, which
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Figure 1 Microscopic photographs of Contracaecum sp. (a) The anterior end of Contracaecum sp. (×100), esophagus (a) and intestinal
caecum (b); (b) posterior end of male (×100), spicules (c); (c) the subglobular thick-shelled eggs in the sinuous uterus (d) (×100);
(d) eggs of Contracaecum sp. in feces (e) (×100).

indicated that these fish-eating birds might have died due
to Contracaecum infections.

Molecular genetic characterization

In order to identify species of this nematode, we per-
formed feature analysis of whole mitochondrial genomes
and ITS sequences. The complete mt genome of Contra-
caecum sp. Beijing isolate was 14,181 bp in size (Fig. 3).
This circular mt genome contains 36 genes, consisting
of 12 protein-encoding (atp6, cytb, cox1-3, nad1-6, and
nad4L), 2 rRNA (rrnL and rrnS), and 22 tRNA genes

(Fig. 3 and Table S1, Supporting Information), which
is typical for chromadorean nematodes. The mt genome
of Contracaecum sp. Beijing isolate was slightly longer
than some other Anisakidae nematodes but was slightly
shorter than some Ascarididae nematodes. Across the en-
tire mt genome, the nucleotide sequence similarities were
81.0–84.3% among members of the Anisakidae species
(Contracaecum rudolphii, Contracaecum ogmorhini s.l.,
Contracaecum osculatum, Pseudoterranova azarasi, and
Anisakis simplex) (Table S2, Supporting Information).
For the genus Contracaecum, the similarities across
amino acid sequences for all 12 protein-coding genes
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Figure 2 Scanning electron microscopy of Contracaecum sp. (a) Anterior end apical view showing dorsal labium (a), subventral
labium (b), interlabia (c), lip auricles (d), and lip auricle tip (e); (b) posterior end of female, lateral view showing cloacal (f).

were 82.4–97.1% (Table S3, Supporting Information).
In addition, the obtained ITS sequences (868 bp) were
firstly subjected to BLAST searches and compared with
reference of Contracaecum species in GenBank. The ITS
sequences from fish-eating birds and fresh-water fish of
this study were highly similar, with a maximum pairwise
genetic distance of 0.23%. These high similarities sug-
gested that it is highly possible that all tested specimens
belonged to the same species. The ITS sequences in the
present study shared an 89% identity with C. rudolphii
and an 84% identity with C. osculatum.

Phylogenetic analyses

Phylogenetic analyses of Contracaecum sp. Beijing
isolate with related nematodes were performed by BI
and ML based on concatenated mitochondrial amino acid
sequences of 12 protein-coding genes. Our data con-
firm that the Beijing isolate was more closely related to
Contracaecum sp. (C. osculatum and C. rudolphii com-
plex) and formed a distinct group with strong support
(Fig. 4a). Phylogenetic analysis based on ITS sequences
also showed that the Beijing isolate sequences constituted
a distinct branch, and the specimens tested in this study
were grouped together (Fig. 4b).

Epidemiological investigation of Contracaecum

sp. infections

To explore the source attribution and prevalence of
Contracaecum sp. in Beijing, we performed an epidemi-

ological investigation. In this analysis, 106 samples from
piscivorous birds (n = 11), feces of birds (n = 25), and
fresh-water fish (n = 70) were collected in the region
of Beijing, China. Based on parasitological examination
and molecular identification, the average positive rate
was 20.8%, ranging from 8.0–81.9% (Table 1; Fig. 1d).
The result indicated that Contracaecum sp. is widely dis-
tributed in piscivorous birds and water environments from
the region.

DISCUSSION

This is the first description and genetic characteriza-
tion of Contracaecum sp infection in dead piscivorous
birds in Beijing. As classic method of parasitic taxonomy,
morphological examination has specifically application
value in the diagnosis of parasitic pathogens, especially
for Contracaecum sp. (Garbin et al. 2011). Although
most characteristics were consistent with typical traits
(the unique digestive system, anterior end, and posterior
end), morphologically this larva is slightly distinct from
previously described Contracaecum species. Contracae-
cum sp. Beijing isolate has a shorter body length than
other species such as C. rudolphii, C. microcephalum,
and C. bioccai (Shamsi et al. 2009b, 2018b; D’Amelio
et al. 2012). Other important features in male Contracae-
cum sp. include the presence of 2 spicules roughly equal
in length or different length (D’Amelio et al. 2012; Chen
et al. 2014). In our study, the two spicules have different
lengths.

Various DNA techniques (DNA sequencing of the ITS,
COX-2, rrnS gene and PCR-RFLP profiles) have been
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used to distinguish species from one another (Lin et al.
2013; Ondrejicka et al. 2014; Pekmezci et al. 2014). To
provide support for the existence of Contracaecum sp.,
whole mitochondrial genomes and ITS gene were se-
quenced. Across the entire mt genome and ITS sequence,
the nucleotide sequence divergence was 11% and 16%,
respectively. Further, a congruent topology was obtained
in all the phylogenetic analyses inferred from mitochon-
drial amino acid sequences of 12 protein-coding genes
and ITS sequences with strong support. These consen-
sus trees showed that Contracaecum sp. sequenced in
present research form a well-defined clade and is sepa-
rated clearly from C. rudolphii, C. ogmorhini, and C. os-
culatum. The morphological and phylogenetic analysis of
these nematodes suggested that this parasite might be a
new species of genus Contracaecum, which needs to be
studied further.

Recent studies have emphasized that it is better to use
the amino acid sequences inferred from mt genome se-
quences for species identification than ITS, COX-2, and
rrnS genes (Mohandas et al. 2014; Liu et al. 2015).
However, in the genus Contracaecum, the complete mt
genomes have been reported for only 3 species (C. rudol-
phii, C. ogmorhini, and C. osculatum) (Lin et al. 2012;
Mohandas et al. 2014; Liu et al. 2016). The results of our
study lend support to the conclusions from previous re-
search of mt genome sequences as reliable genetic mark-
ers. The complete mt genome of Contracaecum sp. here
might allow to identify and differentiate these species and
provides an effective detection and diagnostic methods for
studying their systematics, genetics, epidemiology, and
biology in different hosts.

Another important aspect of our finding is the locality
where piscivorous birds and fresh-water fish (water envi-
ronments) were found to be infected with Contracaecum
sp. Wild Duck Lake in Beijing serves as an important
migratory stop-off point for birds in bird migration route
between East Asia and Australia and is also a site for
avian influenza virus active surveillance. For several
years, no cases of epidemics of Contracaecum sp. have
been detected and reported in wild birds or fish in this
region. Therefore, we hypothesize that these nematodes
may be invasive species by bird migration. Contracaecum
sp. is known to be able to have highly pathogenic impacts
on both wildlife (fish, birds) and humans and to be of low
host specificity (Shamsi 2019). These nematodes have
already formed general biology life cycle pattern in this
region, since Contracaecum sp. were detected in piscivo-
rous birds and their feces and fresh-water fish. It is logical
to assume that the parasite is commonly found in the
region and wild aquatic birds can act as definitive hosts,

and fresh-water fish as second intermediate hosts, and
this also raises a number of questions. For example, what
is the first intermediate host? Whether or not the parasite
has become a natural focus disease in the region? What
is the prevalence and health impact of these parasites on
wildlife, aquaculture industry, and humans?

CONCLUSION

By etiology, morphological analysis, and genetic char-
acterization, the present study revealed the existence and
the validity of Contracaecum sp. and its infection was the
probable cause of wild aquatic bird death. More signif-
icantly, mitochondrial phylogenomics and ITS sequence
analysis strongly supported the hypotheses that the Con-
tracaecum sp. Beijing isolate might be a new species of
genus Contracaecum. In order to know more about the
general biology, epidemiology, and health impact of the
parasite, more areas and hosts are required to assess in
this region.
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SUPPLEMENTARY MATERIALS

Additional supporting information may be found on-
line in the Supporting Information section at the end of
the article.

Table S1 Organization of Contracaecum sp. mitochon-
drial genome.

Table S2 Composition and skewness in the mitochon-
drial genomes of Anisakidae nematodes.

Table S3 Differences (%) in mitochondrial amino acid
sequences between Contracaecum sp. Beijing isolates and
other Anisakidae nematodes.

Figure S1 Histopathological examination. (A) Lamina
propria exposure (a) and necrosis of the mucosal epithe-
lial cells (b) (×10); (B) The parasites associated with an
increased eosinophil infiltration (c) (×40).
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