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Anisakis can cause Anisakiasis in humans if raw or undercooked fish is consumed.
Symptoms of infection may include vomiting, acute abdominal symptoms, or
allergies. In this study, we collected 187 commercially available marine fish from
the Yellow Sea, East China Sea, and South China Sea. Among them, 79 were found
positive containing 520 Anisakis worms. The average prevalence rate was found
42% in this investigation. Ninety-two worms from different sea areas were selected
and analyzed for identification, revealing the presence of five different species,
which are Anisakis pegreffii, Hysterothylacium aduncum, Hysterothylacium
zhoushanense, Hysterothylacium amoyense, and Hysterothylacium sp. In the
meta-analysis, three databases: PubMed, CNKI, and BaiduXueshu were searched
for surveys on the prevalence of Anisakis in Chinese waters from January 2000 to
December 2023. A total of 26 studies were included in this analysis of which 25
publications were retrieved from different databases and one being the present
study. The pooled prevalence of Anisakis was 45% among commercially available
marine fish. Variances in the prevalence of Anisakis were noted among the four
seas, with the highest rates in the East China Sea and the Bohai Sea, reaching 53%
[0.38; 0.68] and 49% [0.36; 0.62], respectively. The Prevalence of Anisakis infection
was significantly higher in astern parts such as Liaoning, Shanghai, and Zhejiang.
Analysis of the host fish subgroups revealed that the orders of Anguilliformes,
Scombriformes, and Gadiformes had high rates of infection. These findings
suggest a significant prevalence of Anisakis, posing an increasing risk of infection
for individuals. This study provides impactful information for implementing
preventative measures against Anisakis.
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1 Introduction

Food safety is a significant concern for human health, with foodborne parasites being
a major risk factor (Zhao et al., 2024). The family of Anisakidae, which includes the
Anisakis genus, is a parasitic nematode commonly found in marine fish. Only Anisakis
simplex and Anisakis pegreffii have been reported to cause human Anisakiasis (Cipriani
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et al., 2021). This issue has emerged as a significant health concern
globally, particularly in countries or regions like Japan, Korea,
China, Taiwan, Portugal, Chile, and the places where people have a
culture of consuming raw or lightly processed seafood (Mattiucci
et al., 2018). For instance, in Japan in 2021, 48% of reported food
poisoning cases (344/717) were attributed to Anisakis larvae (Kodo
et al,, 2023). A recent study examining ready-to-eat mackerel
(Scomber japonicus) samples in Japan found that 54% (244/448)
were infected with Anisakis nematode (Ohnishi et al., 2023). In
Chile, a survey indicated that almost all Chilean hake (Merluccius
gayi) and sea bream (Brama australis) were parasitized with
Anisakis (Munoz-Caro et al., 2022). Another survey in Portugal on
European hake (M. merluccius) showed that Amisakis had a
prevalence of 76.7% (Santos et al., 2022). In the East China Sea, the
infection prevalence of Anisakidae larvae was as high as 95.1%
(116/122) (Kong et al., 2015).

Humans can become infected with Anisakiasis by consuming
raw or undercooked fish that contain Anisakis. This can lead to
serious symptoms including severe abdominal pain, nausea,
vomiting, and other conditions like peptic ulcers, appendicitis, or
peritonitis, and the most worrying manifestation is allergic
reactions ranging from hives to anaphylaxis (Villazanakretzer
et al., 2016). However, many Chinese people lack an in-depth
understanding of the risks associated with consuming raw or
undercooked marine fish (Qin et al., 2013; Chen et al., 2018). These
findings highlight a significant risk of Anisakiasis becoming an
epidemic in China as well as globally. The main aim of our study
was to gain a more comprehensive understanding of the prevalence
of Anisakis in China, we conducted a study by collecting marine
fish samples from various Chinese waters to investigate the
prevalence of Anisakis infections and to construct a haplotype
network to study the relationship among Anisakis from different
regions. Additionally, we performed a systematic review and meta-
analysis of relevant studies since 2000.

2 Materials and methods
2.1 Fish and parasite collection

A total of 187 marine fish, from eight orders, were collected from
the Yellow, East, and South China Seas of China from August to
October 2023. The abdominal cavity, digestive tract, and reproductive
glands of the fish were carefully observed under white light, and the
flesh of the fish was carefully scraped and checked for the presence of
worms in the muscle tissue. The fish tissue adhering to the worms’
surface was removed, and the worms were washed three times with
saline solution. Live worms were kept in saline before proceeding to
the next step in the study.

2.2 ldentification of worms

The nematodes were stained with carmine and examined under a
light microscope to analyze their morphology for preliminary
identification. A total of 92 nematodes from various waters were
randomly selected for molecular characterization. Genomic DNA was
extracted from the nematode using SDS lysis buffer (Tris—-HCI 100 mM,
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BIOFROXX, Germany; EDTA 25mM, Diamond, China; NaCl
500mM, Sangon, China) and proteinase K (Qiagen, Germany). DNA
amplification based on the ITS1 sequence was performed using ITS1-F
(5"-AAA GTC GTA ACA AGG TTT CCG TAG —3') and ITS1-R
(5"-GAA CCG AGT GAT CCA CCG CCA A —3’) primers (which were
designed based on GenBank accession: MT820020.1) in a SimpliAmp
Cycler (Thermo Fisher Scientific, United States) with the following
thermal cycling conditions: initial denaturation 94°C for 5min,
followed by 39 cycles denaturation at 94°C for 305, annealing at 51.7°C
for 30s, and extension at 72°C for 30s, with the final extension at 72°C
for 5 min. The PCR reaction mixture contained 10 pL of 2 x Hieff PCR
Master Mix (Yeasen, China), 0.4 pL ITS1(10 uM) forward and reverse
primer each, 1pL of template genomic DNA, and ddH20 up to
20pL. The PCR products were sent to Tsingke (Guangzhou)
Technology Company for Sanger sequencing. The obtained sequences
were analyzed, edited and trimmed by Clustal W in MEGA v5.2.2
(Tamura et al, 2011). The phylogenetic relationship tree was
reconstructed using the Maximum Parsimony method
(bootstrap =1,000) based on the ITS1 sequences of the samples and
related species by MEGA (v 5.2.2).

2.3 Study selection and data extraction

PubMed,' the Chinese National Knowledge Infrastructure (CNKI
database, https://www.cnki.net/), and Baidu Xueshu (Search engine,
https://xueshu.baidu.com/) were used for literature searches on
December 13th, 2023. The search terms “Anisakis & epidemiological”
and “Anisakis & surveys” were employed for Chinese articles search,
while “Anisakis & China” was used for English articles search. The
inclusion criteria for literature were as follows: (1) articles published
after 2000; (2) Epidemiological research studies; (3) focusing on
Anisakis nematodes; (4) Samples collected from Chinese waters.
Review and conference papers were excluded to avoid duplication.
Subsequently, the included articles’ full text was thoroughly checked
and excluded by the following criteria: (1) Not being an
epidemiological survey; (2) Duplicative data; (3) Fish samples <505
(4) ambiguous sample collection time or location; (5) Insufficient
information of fish samples to identify order level; (6) Lack of
nematode identification; (7) focusing on marine mammals hosts such
as dolphins; (8) unavailability of full text. Data from the included
papers were extracted into summary tables. The information was
recorded in the following way: first author, publication year, sampling
year, geographical region, sample size, infection size, and identification
of fish species at the order level. Quantitative analyses were performed
using the “Meta” package (v 4.11-0) in the R Studio software (v
1.2.5019). Forest plots displayed the combined estimates with 95%
confidence intervals (CI), while heterogeneity was evaluated using Q
and I* statistics. Potential publication bias was assessed via Funnel
plots and Egger regression tests, focusing on factors such as sampling
years, sampling location, and fish orders. Prevalence maps were
created using the “ggmap” package. For the subgroup of fish orders,
only those with 4 or more supporting studies were included
for analysis.

1 https://pubmed.ncbi.nlm.nih.gov/
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3 Results
3.1 Study selection and data extraction

In this study, a total of 187 marine fish samples were collected, of
which 79 were found to be infected with Anisakis, resulting in the
isolation of 520 worms (Figure 1A). The average infection rate was
found approximately 42%, as shown in Table 1. The isolated nematodes
were characterized as white and measured 1-2cm in length. After
staining and examination under a microscope, we found that the
larvae lack the complex structure seen in the adults. In larvae only on

10.3389/fmicb.2024.1399466

the anterior end, a tilted boring tooth was observed (Figure 1B). And
the larvae were characterized by a short (tail length, 0.1-0.15mm),
conical, and short, blunt tail with a spine-like mucron (Figure 1C).
Although the arrangement of papillae (about 10 pm in diameter) at
the caudal end was clearer, but it was still hard to reliably determine
the species and type to which they belong (Figure 1D) (Quiazon et al.,
2009; Mattiucci et al., 2018).

With Ascaris suum as the outgroup, the MP tree topology as
inferred from the phylogenetic analysis of the sequences obtained at
the ITSI region of rDNA of nematodes showed that Anisakidae and
Raphidascaridae clustering in two clades with high probability value

E

Tree scale: 0.1 ——M

Ascaris suum KY964444.1
Hysterothylacium aduncum KJ748530.1
Hysterothylacium aduncum *
Hysterothylacium sp. *
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0.003

O 025
O o5
() o5 ’
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FIGURE 1

the samples in this study.

—
- Hysterothylacium sp. *

Hysterothylacium amoyense MW404615.1
Hysterothylacium amoyense *
Hysterothylacium zhoushanense MH211547 .1
Hysterothylacium zhoushanense *
Contracaecum osculatum KM273050.1
Anisakis ziphidarum EU718473.1

Anisakis nascettii JX486104.1

Anisakis typica HF911524.1

Anisakis physeteris ON622794.1

Anisakis berlandi MH481358.1

Anisakis simple MT516319.1

Anisakis pegreffii MT820020.1

Anisakis pegreffii *

Morphological identification of collected nematode and phylogenetic relationship tree reconstructed based on ITS1 sequences. (A) Nematodes in the
abdominal cavity of fish. (B) The anterior end of the nematodes (carmine staining, x100). (C) The posterior end of the nematodes (carmine staining,
%x100). (D) The posterior end of the nematodes (carmine staining, x400). Bar: 100 pm. (E) Phylogenetic relationship tree by ITS1 sequences, * means
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TABLE 1 Anisakis detected in various fish samples from different Chinese sea areas.

Regions Fish orders No. of fishes No. of infection
Yellow Sea Perciformes 28 23
Mackerels 5 1
East China Sea Perciformes 29 29
Aulopiformes 23 0
South China Sea Mugiliformes 14 0
Pleuronectiformes 11 2
Tetraodontiformes 5 2
Clupeiformes 8 3
Beloniformes 4 0
Aulopiformes 5 2
Perciformes 42 12
Mackerels 13 5
Total 187 79

TABLE 2 Molecular identification of nematodes from different regions.

Regions Number of identified specifies

A. pegreffii =~ H.aduncum  Hysterothylacium. sp. = H. zhoushanense H.amoyense Total
Yellow Sea 12 6 16 - - 34
East China Sea 16 3 2 1 - 22
South China Sea 8 - 12 4 12 36
Total 36 9 30 5 12 92

(70, 97%), respectively. The classification of Hysterothylacium spp. were
very clear, and all of them have greater than 50% support probability
value. The Hysterothylacium sp. isolated in this study was more closely
related to H. amoyense and H. zhoushanense, and H. aduncum was
more distantly related to other Hysterothylacium spp. And H. amoyense,
H. zhoushanense, H. aduncum, isolated in this study all formed sister
strains with the corresponding reference sequences. In the other clades
clustered by Anisakidae, the genus Anisakis spp. were distinguished
from Contracaecum osculatum (70% probability value). In clades of
Anisakis spp., A. berlandi, A. simplex and A. pegreffii were distinguished
by forming a small clades with high probability value. The A. pegreffii
isolated in this study formed sister strain with A. pegreffii ITS1 reference
sequence. The results of molecular identification were presented in
Table 2, with the phylogenetic relationships illustrated in Figure 1E.

Among 92 nematodes analyzed, 36 were identified as A. pegreffii,
9 from H. aduncum, 5 from H. zhoushanense, 12 from H. amoyense,
and 30 from Hysterothylacium sp., A. pegreffii and Hysterothylacium
sp. were found across all three sea samples, while H. aduncum was not
detected in the South China Sea samples and H. zhoushanense was not
detected in the Yellow Sea samples. Additionally, H. amoyense was
only detected in the South China Sea samples.

3.2 META analysis

A total of 3,880 publications were retrieved from the three
databases and search engines, with 25 full-text studies following the
inclusion criteria (see Figure 2). These studies covered the locations in
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China, including the Bohai, Yellow, East, and South China Seas
(Supplementary Table S1). The meta-analysis comprised a total of 26
studies, which consist of 25 previously published articles and one from
our ongoing research.

Meta-bias analysis indicated no significant publication bias in the
included studies. Both the funnel plot and the trim and fill funnel plot
exhibited more symmetry (Figures 3A,B). Egger’s test yielded a
p-value of 0.4062, with a bias value of 5.5546 (SE=6.5700) (Figure 3C).
Sensitivity tests demonstrated that omitting any study did not
affect  the
(Supplementary Figure S1). Hence the meta-analysis results were

significantly combined  overall  prevalence
deemed reliable.

A total of 9,202 fish samples were included, with 3,939 infected
with Anisakis, resulting in an arithmetic prevalence of 42.8%.
Heterogeneity indices are displayed using a forest plot. Random-effect
and common-effect models were used to estimate the prevalence of
each subgroup (Figure 3D). The heterogeneity I* value for all studies
was above 98%, greater than 50%, so the random-effect model results
were used. The pooled prevalence of Anisakis infection in fish in
China since 2000 was 45%. Subgroup analysis by time revealed a
pooled prevalence of 47% in 2000.1-2010.12, 44% in 2011.1-2016.12,
and 44% in 2017.1-2023.12.

In subgroup analysis by provinces and cities, Zhejiang province
exhibited the highest prevalence at 67%, supported by 10 studies with
a total sample size of 2,659 and 1702 positive counts. Conversely,
Guangdong Province had the lowest prevalence at 25%, supported by
5 studies with a total sample size of 823 as shown in Figure 4. Sea
regions as subgroups showed a prevalence higher than 50% in the East
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Records identified through

CNKI n=107

BaiduXueshu n=3773

PubMed n=68
Published or sampling times prior to year 2000 n=3461

Studies retrieved n=3948 Extracted »  Non-epidemiological investigations n=268
Duplication n=109
Review n=36

\/
Full-text read n=74 Non-epidemiological investigations n=4
Data duplication n=1
Fish samples <50 n=3
Extracted) Sampling time is ambiguous n=6
Sampling location is ambiguous n=9
v Information of fish samples insufficient to identify to order level n=13
Non-identified in nematode n=8
Studies included in quantitative Hosts are marine mammals such as dolphins n=3
synthesis n=25 Full text not available n=2
FIGURE 2

Flowchart of article Screening for analysis
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Heterogeneity: /2 = 99%, % = 0.0832, p = 0
Test for subgroup differences (common effect): X% =6.13,df =2 (p = 0.05)
Test for subgroup differences (random effects): X% =0.06, df =2 (p =0.97)
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Analysis for the examination of publication bias. (A) Funnel plot with pseudo 95% confidence interval limits. (B) Funnel plot with trim and filling analysis.
(C) Egger's test for publication bias. (D) Forest plot of Anisakis prevalence in China.
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FIGURE 4
Prevalence of Anisakis in marketed marine fish in China.

China Sea, 49% in the Bohai Sea, only 36% in the Yellow Sea, and only
24% in the South China Sea as mentioned in Figure 4. When
we analyzed different host fish order as a subgroup, the highest
prevalence was observed in the order Gadiformes at 86% based on
only 4 studies with a total sample size of 42 out of which 35 positive
counts. Lophiiformes followed closely with a prevalence of 77%,
supported by 8 studies with a total sample size of 154, of which 79
were positive. The highest number of supporting studies and samples
was for Perciformes, with a prevalence of 49% from 24 studies with a
total sample size of 5,059, and 2,305 positives. The random effect of
Scombriformes and Anguilliformes was 61 and 74% respectively,
supported by 22 and 11 studies. Conversely, there were no positives in
the order of Sepioidea, supported by 9 studies with 186 samples. The
prevalence was also low in the orders Teuthida and Beloniformes, at
5 and 6%, respectively, as detailed in Table 3.

4 Discussion

The present study investigated the prevalence of infection in
positive samples of Anisakis, which was found to be 42%. Among the
genus Anisakis, only one species A. pegreffii was detected, accounting
for 39.13% (36/92) of all samples. Within the genus Hysterothylacium,
four species were detected, three of which were validated and one
unspecified, representing 6.87% (56/92) of all samples. Among these,
H. aduncum accounted for 16.07% (9/56) of the genus Hysterothylacium,
H. zhoushanense for 8.93% (5/56), H. amoyense for 21.43% (12/56), and
Hysterothylacium sp. for 53.57% (30/56). Furthermore, various species

Frontiers in Microbiology

exhibit distinct geographical distributions. For instance, all 12 samples
collected from the South China Sea were identified as H. amoyense.
H. zhoushanense was absent in the Yellow Sea and only 6 out of 22
samples of the genus Hysterothylacium were detected in the East China
Sea, with the remaining 16 being A. pegreffii. The distribution of
A. pegreffii is more evenly across the various seas. During the survey of
Nemipterus japonicus in the South China Sea, five species of nematodes
belonging to the genus Hysterothylacium were identified. Among these,
H. amoyense had the highest prevalence, consistent with the findings of
the present study. Although Hysterothylacium sp. was also detected in
12 samples, H. amoyense was exclusively found in the South China Sea
(Guo etal., 2020). In a survey of 42 monkfish in the East China Sea, the
overall prevalence of infection was 100%, with 83.3% of A. pegreffii
infections as the predominant species (Zhang et al., 2018). Similarly, in
another survey of marine fish samples from the East China Sea and the
Pacific coast of central Japan, A. pegreffii was the predominant species,
accounting for 84.8% of all larvae examined (Kong et al., 2015). In this
study, A. pegreffii was also the predominant species in the East China
Sea. Consistency with previous research varies among the samples
collected from the Yellow Sea. This study identified a greater number of
Hysterothylacium compared to Anisakis, six were identified as
H. aduncum while the remaining 16 were Hysterothylacium sp. In
contrast, a survey conducted in 2007 on 123 fish in the Yellow Sea
revealed that 197 out of 200 nematodes collected belonged to the
Anisakis genus, with the remaining three being of the H. aduncum
(Zhang et al., 2007).

This meta-analysis conducted a comprehensive analysis of
Anisakis’ prevalence in the Chinese seas from 2000 to 2023. The
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TABLE 3 Pooled prevalence of Anisakis in China.

10.3389/fmicb.2024.1399466

Subgroups \[o} Random-effect
Studies Samples Positive prg\?%egclz)es
Fish order Scorpaeniformes 8 196 115 32% [0.03; 0.74]
Teuthida 11 208 29 5% [0.00; 0.17]
Anguilliformes 11 422 379 74% [0.44; 0.95]
Aulopiformes 8 193 51 35% [0.08; 0.69]
Clupeiformes 13 329 39 14% [0.04; 0.29]
Pleuronectiformes 14 359 101 10% [0.02; 0.23]
Scombriformes 22 1,114 640 61% [0.46; 0.75]
Beloniformes 9 84 9 6% [0.00; 0.29]
Gadiformes 4 42 35 86% [0.17; 1.00]
Perciformes 24 5,059 2,305 49% [0.37; 0.61]
Rajiformes 4 80 24 40% [0.01; 0.90]
Lophiiformes 8 154 79 77% [0.33; 1.00]
Sepiida 9 186 0 0%][0.00; 0.01]
Sea region Bohai Sea 4 1,422 662 49% [0.36; 0.62]
Yellow Sea 7 1,306 430 36% [0.24; 0.50]
East China Sea 15 5,223 2,370 53% [0.38; 0.68]
South China Sea 5 1,251 477 24% [0.05; 0.51]
Province/City Liaoning 3 1,041 444 44% [0.35; 0.52]
Shandong 4 752 305 38% [0.18; 0.61]
Jiangsu 4 910 334 42% [0.28; 0.61]
Shanghai 3 1,134 276 54% [0.01; 1.00]
Zhejiang 10 2,659 1702 67% [0.51; 0.80]
Fujian 4 1,534 418 27% [0.205 0.35]
Guangdong 5 823 312 25% [0.03; 0.59]

finding revealed consistently high prevalence rates across all three
stages, ranging from (44-47%). Encouragingly, there seems a decline
in the prevalence during the recent period (2011-2023) compared to
the earlier stages. However, a slight decrease over a prolonged period
may simply be within the equilibrium and not significant enough to
warrant optimism. In contrast, China currently produces 60.3 million
tons of aquaculture, and according to FAO forecasts, this production
is expected to increase 31.1% by 2030 (FAO, 2018; Hao et al., 2020).
With such a large production, Anisakis is highly prevalent in China’s
marine areas (Ding et al., 2022). Therefore, as a result, the overall risk
of people becoming infected with Anisakis is greatly increasing.
Subgroup analyses based on sampling provinces indicated an
exceptionally high prevalence of Anisakis in marine fish within the
eastern coastal provinces or cities of China (25-67%). Conversely, the
prevalence was notably lower in the southern coastal provinces and
marine fish in northeastern China. Further subgroup analyses based on
sampled sea area, mirrored the province-based findings. Anisakis
exhibited the highest prevalence rates in the Yellow Sea (36%) and the
East China Sea (53%), while showing relatively lower prevalence rates
in the Bohai Sea (49%) and the South China Sea (24%). In China,
Guangdong province is well known for its cultural practice of
consuming raw fish. As a fish-borne parasite of concern, the infection
rates and prevalence of Clonorchis sinensis have been reported to be very
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high in Guangdong Province (Deng et al., 2020; Huang et al., 2024).
However, no case reports of human Anisakiasis have been reported in
Guangdong Province (South China Sea). In a study involving asthma
patients in Guangzhou, 8.8% (5/57) were found to be allergic to the
Anisakis simplex component (rAni s 3) (Hu et al., 2019).

In Fujian Province (East China Sea) only one case was reported,
however, the prevalence of Clonorchis sinensis infection also reached
0.6% (274/45736) (Cheng et al., 2005; Shu-ling et al., 2022). Despite
Zhejiang Province (East China Sea) also has a tradition of consuming
raw fish, surprisingly did not report any cases even when the
prevalence of Anisakis in marine fish was as high as 67%. A risk survey
in Jiangsu Province (Yellow Sea) showed that 21.6% of the people
consumed raw or semi-raw marine fish and only 13.0% had ever heard
of Anisakis spp. And the seroprevalence of the anti-Anisakis IgG
antibody was 7.0% in the study (Mao et al., 2020). In a survey of 387
subjects in Shandong Province (Yellow Sea), only 4.9% (19/387) of the
population were aware of the dangers of Anisakiasis, and 7% (27/387)
preferred to consume raw or semi-raw marine fish. However, with a
prevalence rate of 38% of Anisakis in marine fish in Shandong
Province, no human Anisakiasis infections were detected in hospitals
(Dan etal., 2023). Although the first clinical case of Anisakis infection
in China was reported from Liaoning Province (Bohai Sea) in 2013,
no further cases have been reported in Liaoning Province (Qin et al.,
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2013). However, the prevalence of Anisakis in marine fish in Liaoning
Province remains as high as 44%.

Cod is a popular and affordable seafood product in China (Xiong
et al., 2016). However, the high contamination rate of Anisakis in
Chinese waters is a concern for both the market and consumers.
China produced over 60,000 tons of eels annually, with 39,000 tons of
baked eels exported in 2020 (Ting-ting et al., 2019). Eel processing
techniques include baking, smoking, frying, salting, and canning
(Gémez-Limia et al., 2021). Even though some treatments cook the
fish sufficiently, there is still a risk of sensitization because of the heat-
resistant allergen from Anisakis (Moneo et al., 2005; Kochanowski
et al., 2020). The Perciformes and Scombriformes are the main fish as
food on the table, additionally, the by-products of Scombriformes
including organs, are used in the manufacture of fishmeal and fish oil
(Guerard et al., 2002; Bougatef et al., 2010). These marine fish are close
to the market and consumers, yet the contamination of Anisakis is so
serious. But it has not attracted enough attention.

5 Conclusion

This study revealed a notable concern regarding the prevalence of
Anisakis in marine fish in Chinese waters, reaching as high as 45%
between 2000 to 2023. Moreover, the study highlighted a growing risk
of exposure to Anisakis due to the escalating demand for aquatic food in
China. This study marks the first comprehensive systematic evaluation
and meta-analysis of Anisakis prevalence in marine fish, along with its
associated risk factors in China. The findings offer impactful insights for
the implementation of preventive measures against Anisakis infection.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary material.

Ethics statement

The manuscript presents research on animals that do not require
ethical approval for their study.

References

Bougatef, A., Nedjar-Arroume, N., Manni, L., Ravallec, R., Barkia, A., Guillochon, D.,
et al. (2010). Purification and identification of novel antioxidant peptides from
enzymatic hydrolysates of sardinelle (Sardinella aurita) by-products proteins. Food
Chem. 118, 559-565. doi: 10.1016/j.foodchem.2009.05.021

Chen, H.-X,, Zhang, L.-P,, Gibson, D. I, Li, L., Xu, Z., Li, H.-T,, et al. (2018). Detection
of ascaridoid nematode parasites in the important marine food-fish Conger myriaster
(Brevoort) (Anguilliformes: Congridae) from the Zhoushan fishery, China. Parasit.
Vectors 11:274. doi: 10.1186/s13071-018-2850-4

Cheng, Y. Z,, Xu, L. S., Chen, B. ], Li, L. S., Zhang, R. Y., Lin, C. X,, et al. (2005). Survey
on the current status of important human parasitic infections in Fujian province.
Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi 23, 283-287,

Cipriani, P, Palomba, M., Giulietti, L., Bao, M., Mattiucci, S., and Levsen, A. (2021).
Anisakis simplex (s.s.) larvae (Nematoda: Anisakidae) hidden in the mantle of European
flying squid Todarodes sagittatus (Cephalopoda: Ommastrephidae) in NE Atlantic
Ocean: food safety implications. Int. J. Food Microbiol. 339:109021. doi: 10.1016/j.
ijfoodmicro.2020.109021

Frontiers in Microbiology

10.3389/fmicb.2024.1399466

Author contributions

M-hZ: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Resources, Software, Writing — original
draft, Writing - review & editing. C-tF: Formal analysis, Methodology,
Software, Visualization, Writing - review & editing. X-xW:
Conceptualization, Investigation, Resources, Writing - review &
editing. AQ: Writing - review & editing. Y-yQ: Writing — review &
editing. X-mH: Resources, Writing - review & editing. MM: Writing
- review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The authors
would like to extend their gratitude to King Saud University (Riyadh,
Saudi Arabia) for funding this research through Researchers
supporting Project number (RSP-2024-R406).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmicb.2024.1399466/
full#supplementary-material

Dan, L., Fengying, J., Longjiang, W., Yongbin, W, Yuejin, L., Ge, Y, et al. (2023). Anisakis
infection in marine fishes and resident awareness of anisakiasis in Qingdao in 2021. Chin.
J. Parasitiol. Parasit. Dis. 41, 52-58. doi: 10.12140/j.issn.1000-7423.2023.01.008

Deng, Z. H., Fang, Y. Y., Zhang, Q. M., Mao, Q,, Pei, F. Q, and Liu, M. R. (2020). The
control of clonorchiasis in Guangdong province, southern China. Acta Trop. 202:105246.
doi: 10.1016/j.actatropica.2019.105246

Ding, E, Gu, S., Yi, M. R,, Yan, Y. R,, Wang, W. K,, and Tung, K. C. (2022).
Demographic history and population genetic structure of Anisakis pegreffii in the
cutlassfish Trichiurus japonicus along the coast of mainland China and Taiwan. Parasitol.
Res. 121, 2803-2816. doi: 10.1007/s00436-022-07611-7

FAO (2018). The State of World Fisheries and Aquaculture 2018—Meeting the
sustainable development goals [Online]. Available at: http://www.fao.org/3/i9540en/
19540EN.pdf

Gomez-Limia, L., Franco, I., and Martinez-Sudrez, S. (2021). Effects of processing
step, filling medium and storage on amino acid profiles and protein quality in

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1399466
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1399466/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1399466/full#supplementary-material
https://doi.org/10.1016/j.foodchem.2009.05.021
https://doi.org/10.1186/s13071-018-2850-4
https://doi.org/10.1016/j.ijfoodmicro.2020.109021
https://doi.org/10.1016/j.ijfoodmicro.2020.109021
https://doi.org/10.12140/j.issn.1000-7423.2023.01.008
https://doi.org/10.1016/j.actatropica.2019.105246
https://doi.org/10.1007/s00436-022-07611-7
http://www.fao.org/3/i9540en/I9540EN.pdf
http://www.fao.org/3/i9540en/I9540EN.pdf

Zeng et al.

canned European eels. J. Food Compos. Anal. 96:103710. doi: 10.1016/j.
jfca.2020.103710

Guerard, E, Guimas, L., and Binet, A. (2002). Production of tuna waste hydrolysates
by a commercial neutral protease preparation. J. Mol. Catal. B Enzym. 19-20, 489-498.
doi: 10.1016/S1381-1177(02)00203-5

Guo, N, Chen, H. X, Zhang, L. P, Zhang, J. Y,, Yang, L. Y., and Li, L. (2020). Infection
and molecular identification of ascaridoid nematodes from the important marine food
fish Japanese threadfin bream Nemipterus japonicus (Bloch) (Perciformes: Nemipteridae)
in China. Infect. Genet. Evol. 85:104562. doi: 10.1016/j.meegid.2020.104562

Hao, X, Jia-yong, C., Hui, E, Zhi-meng, Z., Huang, L., Yong-xin, L., et al. (2020).
Chinese marine fishery transformation and strategic emerging industry of deep ocean
fishery. Fishery Modern. 47:9. doi: 10.3969/j.issn.1007-9580.2020.03.001

Hu, H., Luo, W,, Wu, Z, Cai, C., Huang, H., and Sun, B. (2019). A pilot study on the
allergen-specific IgE to molecular components on polysensitized mite allergic asthmatic
patients in Guangzhou, China. Mol. Immunol. 105, 38-45. doi: 10.1016/j.molimm.2018.11.004

Huang, S. Y, Chen, J. D,, Zeng, Q. S., and Lai, Y. S. (2024). High-resolution mapping of
age- and gender-specific risk of Clonorchis sinensis infection risk in Guangdong, China: a
geostatistical modeling study. Parasit. Vectors 17:67. doi: 10.1186/s13071-024-06166-z

Kochanowski, M., Rézycki, M., Dabrowska, J., Belcik, A., Karamon, J., Sroka, J., et al. (2020).
Proteomic and Bioinformatic investigations of heat-treated Anisakis simplex third-stage
larvae. Biomol. Ther. 10:1066. doi: 10.3390/biom10071066

Kodo, Y., Murata, R., Suzuki, J., Mori, K., and Sadamasu, K. (2023). Prevalence of Anisakis
larvae in cultured mackerel Scomber japonicas in Japan and the relationship between the
intensity of Anisakis infection in cultured mackerel and fish fatness. Int. J. Food Microbiol.
404:110347. doi: 10.1016/j.jjffoodmicro.2023.110347

Kong, Q, Fan, L., Zhang, J., Akao, N., Dong, K., Lou, D,, et al. (2015). Molecular
identification of Anisakis and Hysterothylacium larvae in marine fishes from the East China
Sea and the Pacific coast of Central Japan. Int. J. Food Microbiol. 199, 1-7. doi: 10.1016/j.
ijfoodmicro.2015.01.007

Mao, E Z., Sun, B. C,,Ni, B. X, Zhang, X. Y., Wu, X. M., Ding, X,, et al. (2020). Investigation
on the risk of of Anisakis infection among high—risk populations along the coastal areas of
Jiangsu Province. Zhongguo Xue Xi Chong Bing Fang Zhi Za Zhi 32, 282-289. doi:
10.16250/.32.1374.2019306

Mattiucci, S., Cipriani, P, Levsen, A., Paoletti, M., and Nascetti, G. (2018). “Chapter four—
molecular epidemiology of Anisakis and Anisakiasis: an ecological and evolutionary road
map” in Advances in parasitology. eds. D. Rollinson and J. R. Stothard (Rome: Academic Press),
93-263.

Moneo, I, Caballero, M. L., Gonzalez-Munoz, M., Rodriguez-Mahillo, A. I,
Rodriguez-Perez, R., and Silva, A. (2005). Isolation of a heat-resistant allergen from the fish
parasite Anisakis simplex. Parasitol. Res. 96, 285-289. doi: 10.1007/500436-005-1362-2

Muioz-Caro, T., Machuca, A., Morales, P, Verdugo, J., Reyes, R., Garcia, M., et al.
(2022). Prevalence and molecular identification of zoonotic Anisakis and

Pseudoterranova species in fish destined to human consumption in Chile. Parasitol. Res.
121, 1295-1304. doi: 10.1007/s00436-022-07459-x

Frontiers in Microbiology

09

10.3389/fmicb.2024.1399466

Ohnishi, T., Banzai, A., Hara-Kudo, Y., and Sugiyama, H. (2023). Prevalence and
abundance of Anisakis larvae in ready-to-eat mackerel products in Japan. Int. J. Food
Microbiol. 395:110181. doi: 10.1016/j.ijfoodmicro.2023.110181

Qin, Y,, Zhao, Y,, Ren, Y., Zheng, L., Dai, X., Li, Y,, et al. (2013). Anisakiasis in China:
the first clinical case report. Foodborne Pathog. Dis. 10, 472-474. doi: 10.1089/
fpd.2012.1325

Quiazon, K. M., Yoshinaga, T., Santos, M. D., and Ogawa, K. (2009). Identification of
larval Anisakis spp. (Nematoda: Anisakidae) in Alaska Pollock (Theragra chalcogramma)
in northern Japan using morphological and molecular markers. J. Parasitol. 95,
1227-1232. doi: 10.1645/ge-1751.1

Santos, M. J., Matos, M., Guardone, L., Golden, O., Armani, A., Caldeira, A.J. R.,
etal. (2022). Preliminary data on the occurrence of Anisakis spp. in European hake
(Merluccius merluccius) caught off the Portuguese coast and on reports of human
Anisakiosis in Portugal 10, 10(2). doi: 10.3390/microorganisms10020331

Shu-ling, H., Shi-han, L., Xi-bin, Q., Yong-xuan, C., and Chen-xin, L. (2022). A case
of Anisakis infection in Fujian Province. Chin. J. Parasitiol. Parasit. Dis. 004:040. doi:
10.12140/j.issn.1000-7423.2022.04.023

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., and Kumar, S. (2011).
MEGAS5: molecular evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods. Mol. Biol. Evol. 28,
2731-2739. doi: 10.1093/molbev/msr121

Ting-ting, Z., Feng, Z., Tao, Z., Si-kai, W, Chao, S., Ping, Z., et al. (2019). Development
of eel aquaculture industry and its resoure conservation in China. Fish. Inform. Strat. 4,
235-243. doi: 10.13233/j.cnki.fishis.2019.04.001

Villazanakretzer, D. L., Napolitano, P. G., Cummings, K. F, and Magann, E. F. (2016).
Fish parasites: a growing concern during pregnancy. Obstet. Gynecol. Surv. 71, 253-259.
doi: 10.1097/0gx.0000000000000303

Xiong, X., Guardone, L., Giusti, A., Castigliego, L., Gianfaldoni, D., Guidi, A., et al.
(2016). DNA barcoding reveals chaotic labeling and misrepresentation of cod (fi%, Xue)
products sold on the Chinese market. Food Control 60, 519-532. doi: 10.1016/j.
foodcont.2015.08.028

Zhang, L., Hu, M., Shamsi, S., Beveridge, I, Li, H., Xu, Z., et al. (2007). The specific
identification of anisakid larvae from fishes from the Yellow Sea, China, using mutation
scanning-coupled sequence analysis of nuclear ribosomal DNA. Mol. Cell. Probes 21,
386-390. doi: 10.1016/j.mcp.2007.05.004

Zhang, K., Xu, Z., Chen, H. X., Guo, N., and Li, L. (2018). Anisakid and raphidascaridid
nematodes (Ascaridoidea) infection in the important marine food-fish Lophius litulon
(Jordan) (Lophiiformes: Lophiidae). Int. J. Food Microbiol. 284, 105-111. doi: 10.1016/j.
ijfoodmicro.2018.08.002

Zhao, L., Wang, H., Chen, X., Wang, L., Abulaizi, W, Yang, Y., et al. (2024). Agarose
hydrogel-boosted one-tube RPA-CRISPR/Casl2a assay for robust point-of-care
detection of zoonotic nematode Anisakis. J. Agric. Food Chem. 72, 8257-8268. doi:
10.1021/acs.jafc.4c00204

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1399466
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1016/j.jfca.2020.103710
https://doi.org/10.1016/j.jfca.2020.103710
https://doi.org/10.1016/S1381-1177(02)00203-5
https://doi.org/10.1016/j.meegid.2020.104562
https://doi.org/10.3969/j.issn.1007-9580.2020.03.001
https://doi.org/10.1016/j.molimm.2018.11.004
https://doi.org/10.1186/s13071-024-06166-z
https://doi.org/10.3390/biom10071066
https://doi.org/10.1016/j.ijfoodmicro.2023.110347
https://doi.org/10.1016/j.ijfoodmicro.2015.01.007
https://doi.org/10.1016/j.ijfoodmicro.2015.01.007
https://doi.org/10.16250/j.32.1374.2019306
https://doi.org/10.1007/s00436-005-1362-2
https://doi.org/10.1007/s00436-022-07459-x
https://doi.org/10.1016/j.ijfoodmicro.2023.110181
https://doi.org/10.1089/fpd.2012.1325
https://doi.org/10.1089/fpd.2012.1325
https://doi.org/10.1645/ge-1751.1
https://doi.org/10.3390/microorganisms10020331
https://doi.org/10.12140/j.issn.1000-7423.2022.04.023
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.13233/j.cnki.fishis.2019.04.001
https://doi.org/10.1097/ogx.0000000000000303
https://doi.org/10.1016/j.foodcont.2015.08.028
https://doi.org/10.1016/j.foodcont.2015.08.028
https://doi.org/10.1016/j.mcp.2007.05.004
https://doi.org/10.1016/j.ijfoodmicro.2018.08.002
https://doi.org/10.1016/j.ijfoodmicro.2018.08.002
https://doi.org/10.1021/acs.jafc.4c00204

	An investigation of the prevalence and diversity of Anisakis in China: marine food safety implications
	1 Introduction
	2 Materials and methods
	2.1 Fish and parasite collection
	2.2 Identification of worms
	2.3 Study selection and data extraction

	3 Results
	3.1 Study selection and data extraction
	3.2 META analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

