

[image: image1]
Prevalence of Anisakid Nematodes in Fish in China: A Systematic Review and Meta-Analysis












	
	ORIGINAL RESEARCH
published: 21 February 2022
doi: 10.3389/fvets.2022.792346






[image: image2]

Prevalence of Anisakid Nematodes in Fish in China: A Systematic Review and Meta-Analysis

Qing Liu1, Qi Wang2, Jing Jiang3*, Jun-Yang Ma4, Xing-Quan Zhu1,5 and Qing-Long Gong2*


1College of Veterinary Medicine, Shanxi Agricultural University, Jinzhong, China

2College of Veterinary Medicine, Jilin Agricultural University, Changchun, China

3College of Life Science, Changchun Sci-Tech University, Changchun, China

4Marine College, Shandong University, Jinan, China

5Key Laboratory of Veterinary Public Health of Higher Education of Yunnan Province, College of Veterinary Medicine, Yunnan Agricultural University, Kunming, China

Edited by:
Elisabetta Antuofermo, University of Sassari, Italy

Reviewed by:
Serena Cavallero, Sapienza University of Rome, Italy
 Lisa Guardone, University of Pisa, Italy

*Correspondence: Jing Jiang, jiangjingxiaoyao@163.com
 Qing-Long Gong, gongqinglong1001@163.com

Specialty section: This article was submitted to Veterinary Infectious Diseases, a section of the journal Frontiers in Veterinary Science

Received: 19 October 2021
 Accepted: 20 January 2022
 Published: 21 February 2022

Citation: Liu Q, Wang Q, Jiang J, Ma J-Y, Zhu X-Q and Gong Q-L (2022) Prevalence of Anisakid Nematodes in Fish in China: A Systematic Review and Meta-Analysis. Front. Vet. Sci. 9:792346. doi: 10.3389/fvets.2022.792346



Anisakidosis, caused by anisakid larvae, is an important fish-borne zoonosis. This study aimed to summarize the prevalence of anisakid infection in fish in China. A systematic review and meta-analysis were performed using five bibliographic databases (PubMed, CNKI, ScienceDirect, WanFang, and VIP Chinese Journal Databases). A total of 40 articles related to anisakid infection in fish in China were finally included. Anisakid nematodes were prevalent in a wide range of fish species, and the overall pooled prevalence of anisakid nematodes in fish in China was 45.5%. Fresh fish had the highest prevalence rate (58.1%). The highest prevalence rate was observed in Eastern China (55.3%), and fish from East China Sea showed the highest prevalence of anisakid nematodes (76.8%). Subgroup analysis by sampling year suggested that the infection rate was higher during the years 2001–2011 (51.0%) than the other periods. Analysis of study quality revealed that the middle-quality studies reported the highest prevalence (59.9%). Compared with other seasons, winter had the highest prevalence (81.8%). The detection rate of anisakid nematodes in muscle was lower (7.8%, 95% CI: 0.0–37.6) than in other fish organs. Our findings suggested that anisakid infection was still common among fish in China. We recommend avoiding eating raw or undercooked fish. Region, site of infection, fish status and quality level were the main risk factors, and a continuous monitoring of anisakid infection in fish in China is needed.
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INTRODUCTION

Anisakidosis is a parasitic zoonosis caused by any member of the family Anisakidae, including the genera Anisakis, Contracaecum, and Pseudoterranova (1–3). The first case of anisakiasis was reported in the Netherlands around 1960, and the total number of anisakiasis cases up to December 2017 was estimated to be about 76,000 throughout the world (4, 5). The pathogenic effects of infection by anisakid nematodes are due mainly to two mechanisms, direct tissue damage and allergic reactions (6). The clinical syndromes can be categorized into gastric anisakiasis, intestinal anisakiasis, ectopic anisakiasis, and allergic anisakiasis (7, 8). Gastric anisakiasis represents about 95% of cases in Japan, and the typical symptom is acute and severe epigastric pain (6, 9). The symptoms of intestinal anisakiasis include intermittent or constant abdominal pain and/or intestinal obstruction, and treatment often requires surgery to remove the worm (7, 10). Moreover, infection with anisakids can lead to life-threatening anaphylaxis (6).

Anisakid nematodes have an indirect life cycle, and crustaceans are intermediate hosts while fish (and mollusks) are paratenic hosts (7, 11, 12). The larvae of anisakid nematodes, especially when located in the musculature, can affect the commercial value of fish (13). Furthermore, anisakid nematodes can lead to disease in fish (13). Humans act only as an accidental host in the life cycle of anisakid nematodes, and the infection can be obtained through consumption of raw or incompletely cooked fish infected with the third-stage larvae of the nematode (14, 15). Hence, infection of fish with anisakid nematodes should be given high priority not only because of anisakiasis in humans, but also because of the economic losses to the fishing industry (13, 16).

Fish are one of the most important food sources in China, and a number of individual studies have reported the prevalence of anisakid nematodes in fish in China. Meanwhile, the first human case of anisakiasis in China has been reported (17). Herein, a systematic review and meta-analysis was performed to analyze the prevalence of anisakid nematodes in fish in China, and the potential related factors were also investigated.



MATERIALS AND METHODS


Search Strategy

This study was performed following the PRISMA guideline (Supplementary Table 1) (18). Five bibliographic databases (VIP Chinese Journal Databases, WanFang, ScienceDirect, CNKI, and PubMed) were used to identify published articles regarding anisakid infection in fishes in China in both Chinese and English up to August 2020. The detailed search strategy and restriction information are recorded in Table 1. Meanwhile, the reference lists of retrieved articles and recent reviews were reviewed. Additionally, we did not contact the original investigators for additional data, and unpublished reports were not retrieved. Endnote X9.3.1 software was utilized to collate information for all studies.


Table 1. Detailed search strategy and restrictions.
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Study Selection

After removing duplicates, the relevant articles were selected through an initial screen of identified abstracts and/or titles and a second screen of full-text articles. Qualified studies needed to meet all of the following criteria: (i) targeted objects must be fish (ii) selected fishing sites within China; (iii) cross-sectional study; (iv) the content of the studies must include the prevalence of anisakid nematodes; and (v) natural infection. Studies with the following characteristics were excluded: using the same data; incomplete data or article; fish from abroad; having internal data conflict; other nematodes; review article; river fish article (Figure 1). Eligibility for inclusion for all studies was evaluated by two independent reviewers (QL and QW). Any disagreements were resolved by the primary reviewer's (QLG) opinion as necessary.


[image: Figure 1]
FIGURE 1. Flow diagram of literature search and selection.




Data Extraction and Quality Assessment

Two reviewers (QW and JYM) independently extracted the following variables from each included study: Year of sampling, first author, publication year, study region, province, detection method, site of infection, collection season, sea, the total number of fishes, the number of positive samples, fish status, and fish category. The statistical geographic factor data (longitude range, latitude range, annual average rainfall, altitude, annual average temperature, and annual average humidity) were acquired from the National Meteorological Information Center of China Meteorological Administration. The primary reviewer (QLG) confirmed all the extracted data. A “quality” assessment of each included study was made by using criteria derived from the GRADE (Grading of Recommendations Assessment, Development, and Evaluation) approach (19–21). The scoring method was used for grading, and each of the below mentioned criteria was determined as 1 point: (i) randomly sampled; (ii) clear detection method; (iii) provide a detailed description of sampling method; (iv) clear sampling time; and (v) contained four or more risk factors. Studies with total score of four or five points were considered to be of high quality, studies with total scores of 2–3 points were considered to be of moderate quality, whereas studies with lower scores were marked as low quality.



Statistical Analysis

We performed meta-analysis using the package “meta” (version 4.11-0) in R software (version 3.5.2) (22). Prior to meta-analysis, we tried different methods to fit the data to a Gaussian distribution: double-arcsine transformation (PFT), loga-rithmic conversion (PLN), logit transformation (PLOGIT) and arcsinetransformation (PAS). As indicated by previous studies, PFT has better variance stabilization performance (Table 2) (23–25). The formulas for PFT were as follows:
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t, transformed prevalence; n, sample size; r, positive number; se, standard error.


Table 2. Normal distribution test for the normal rate and the different conversion of the normal rate.
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Hence, PFT was used for rate conversion in this study. Heterogeneity across all eligible studies was tested by using the Cochran Q-test and I-squared statistic. A P < 0.05 was considered to indicate statistically significant heterogeneity, and I2-values of ≥25, ≥50, and ≥75% correspond to low, moderate, and high heterogeneity, respectively (26). Heterogeneity was present, and hence the random effect pooled measure was selected. Forest plots were generated for overall assessment of the results of each included study and the heterogeneity between studies. A funnel plot, trim and fill method and an Egger's test were used to evaluate the publication bias of studies. In addition, the stability of our study was determined by using a sensitivity analysis (27).

Meanwhile, we performed subgroup analysis stratified by the potential risk factors to explore the potential sources of heterogeneity in our meta-analysis (28). The factors included the region (eastern China vs. other regions), the year of collection (2001–2011 vs. other periods), site of infection (others vs. muscle), season (winter vs. spring, summer, and autumn), seas (Bohai Sea vs. East China Sea, South China Sea, and Yellow Sea), fish status (Fresh fish vs. frozen fish, and live fish), and quality level (middle vs. high). In the meta-analysis of prevalence, regional factor is usually the source of heterogeneity. Hence, meta-regression analysis with other risk factors using the provinces as a covariate was conducted to explain the heterogeneity caused by the provinces. The explained heterogeneity of the covariates is expressed in R2.

Also, potential sources of heterogeneity were explored by subgroup analysis based on geographical factors. We evaluated latitude (30–35° vs. other latitudes), longitude (>120° vs. other longitudes), altitude (>500 m vs. other altitudes), precipitation (1,000–1,500 mm vs. other precipitation categories), humidity (<70% vs. other humidity categories), mean temperature (15–20°C vs. mean temperature of other groups), lowest average temperature (10–15°C vs. lowest average temperature in other groups) and highest average temperature (>25°C vs. highest average temperature in other groups). The R software code for meta-analysis is shown in Supplementary Table 2.




RESULTS


Included Studies

In this study, a total of 358 relevant articles were found. Following initial screening and removal of duplicates, 92 articles were identified. Following full text review, 52 articles were further excluded. A further search was carried out based on the reference lists of relevant studies. However, no additional qualified articles were found. Finally, 40 full-text studies published between 2000 and 2020 were included in the quantitative analysis (Figure 1). Of which, eight articles were published in English. According to our quality criteria, 26 publications were of high quality (four or five points), 14 publications showed moderate quality (two or three points), and no publications were of low quality (Table 3, Supplementary Table 3).


Table 3. Studies included in the analysis.
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Pooling and Heterogeneity Analysis

A total of 40 studies involving 14,015 fish were included in this meta-analysis. However, high heterogeneity (I2 = 98.8%, P < 0.001) in the selected studies was observed (Table 4, Figure 2). Hence, a random effects model was adopted for the analysis. The overall pooled prevalence of anisakid nematodes in fish in China was 45.5% (95% CI: 37.8–53.3) (Table 4). The included studies covered a variety of fish species, and the prevalence of anisakid nematodes ranged from 0 to 100% (Table 5).


Table 4. Pooled prevalence of anisakid nematodes in China.
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FIGURE 2. Forest plot of prevalence of anisakids in fish amongst studies conducted in China. The length of the horizontal line represents the 95% confidence interval, and the diamond represents the summarized effect.



Table 5. Estimated pooled prevalence in different species of fish.
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In the subgroup analysis, a random effect model was selected due to the fact that significant heterogeneity was observed (Table 4). The subgroup analysis based on geographical areas suggested that eastern China had the highest prevalence rate (55.3%, 95% CI: 45.2–65.2), and fish in East China Sea showed the highest point estimate of prevalence of anisakid nematodes (76.8%, 95% CI: 56.5–92.1). At the single province level, Zhejiang Province had the highest rate of 75.3% (1,398/2,338; 95% CI: 57.6–89.5) (Table 6). No anisakid nematodes were found in fish in Beijing City (Table 6, Figure 3).


Table 6. Estimated pooled prevalence of anisakid nematodes by provinces in China.
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FIGURE 3. Map of anisakid infection in fish amongst studies conducted in China.


The subgroup analysis by sampling years demonstrated that the infection rate was higher during 2000–2011 (51.0%, 95% CI: 36.1–65.8) than other periods. Compared with other seasons, autumn had the lowest prevalence rate (60.9%, 95% CI: 39.2–80.7) (Table 4).

Analysis of study quality indicated that the middle-quality studies reported the highest prevalence rate (59.9%, 95% CI: 37.6–80.2). The detection rate of anisakid nematodes in muscle was lower (7.8%, 95% CI: 0.0–37.6) than in other fish organs. The meta-regression analysis showed that the heterogeneity can be explained by the province ranges from 0.00 to 31.93% after joint analysis with province (Table 4).

We also evaluated the impact of geographical and climatic parameters on prevalence and calculated the latitude range (30–35°; 68.6%, 95% CI: 51.9–83.1), the longitude range (>120°; 61.4%, 95% CI: 47.8–74.2), and altitude (<100; 54.1%, 95% CI: 42.5–65.5). Compared with other groups, the prevalence of anisakid nematodes in fish in these geographic ranges was significantly higher (P < 0.05), which may account for the heterogeneity (Table 7).


Table 7. Pooled prevalence of geographical factors.
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Publication Bias and Sensitivity Analysis

The funnel plot was asymmetric, suggesting that the included studies might have publication bias or small-study effect bias (Figure 4). Meanwhile, the trim and fill analysis showed six studies with negative results (white circles in Figure 5), indicating that there was potential publication bias in the present study. Additionally, Egger's test suggested that there might be publication bias among the studies selected for our analysis (P < 0.05) (Supplementary Table 4, Figure 6). We also used funnel plots (Supplementary Figures 1–9) and forest plots (Supplementary Figures 10–16) for all subgroups to test for the presence of publication bias and heterogeneity. However, the sensitivity analysis showed that the pooled data were basically the same after omitting one study at a time, indicating that our results were statistically robust (Figure 7).


[image: Figure 4]
FIGURE 4. Funnel plot with pseudo 95% confidence interval limits for the examination of publication bias.
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FIGURE 5. Funnel plot with trim and filling analysis of the publication bias.
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FIGURE 6. Egger's test for publication bias.
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FIGURE 7. Sensitivity analysis.





DISCUSSION

Human anisakiasis is caused by consumption of raw or poorly cooked fish parasitized by anisakid nematodes (69, 70). Hence, detailed knowledge of the epidemiological status of anisakid nematodes in fish is central for the prevention and control of human anisakiasis. Our meta-analysis revealed that the pooled estimate of Anisakidae larvae prevalence among fish in China was 45.5%, and the prevalence varied by sea areas. East China Sea and Yellow Sea had high prevalence. Fish species may contribute to such high prevalence, such as hairtail (Trichiurus haumela), chub mackerel (Pneumatophorus japonicus), yellow croaker (Pseudosciaena polyactis) and whitespotted conger (Conger myriaster) in East China Sea, and chub mackerel (P. japonicus) in Yellow Sea. Several previous studies showed that they were highly infected species (52, 71–73). Additionally, the relationship between the lowest prevalence in Bohai Sea and fish species needs to be further studied, because only two studies were included for analysis, and one did not disclose the 23 fish species which were tested negative for anisakid nematodes (74). A previous investigation using fish collected from three sea areas of the Republic of Korea also showed that the infection rate was higher in East Sea than that in Yellow Sea (71). However, fish from South Sea, Republic of Korea had higher prevalence rate than that from South China Sea (71). This may be due to the fact that fat greenling (Hexagrammos otakii) and Korean rockfish (Sebastes schlegeli) from South Sea with high infection rate were not included in fish species sampled from South China Sea (71). In addition to fish species, differences in prevalence may be associated with fishing grounds (15). For example, previous studies demonstrated that the distribution of Anisakis spp. and the infection levels in the same fish species varied among different fishing grounds (15, 75).

Among five provinces within eastern China, Zhejiang province had the highest prevalence. This may be due to the fish species, such as hairtail (Trichiurus lepturus) and yellow croaker (Larimichthys polyactis) which were reported to be highly infected species of marine fish (52). Previous studies showed that the high incidence of anisakidosis was significantly associated with living on the coast, where the habit of consuming raw fish is higher compared to inland regions (76, 77). Considering that consumption of raw or undercooked fish is a common practice in the coastal areas of China, there should be some potential cases of anisakiasis in eastern China, especially in Zhejiang province (17, 40). However, no cases of human infection by anisakid nematodes have been reported in eastern China. To date, only one case of anisakiasis has been reported in other areas of China (17). This may be due to misdiagnosis and missed diagnosis (78). Infection by anisakid nematodes should be considered in patients who had a history of ingestion of raw fish with associated symptoms, such as vomiting and frequent mucous diarrhea (17).

The method of examining fish for anisakid infection include routine visual inspection, digesting the fish filet using a pepsin/HCl solution, and incubation of internal organs (79). In all of the included studies, prevalence of anisakid nematodes in fish in China was determined by routine visual inspection. Additional species identification using PCR method was performed only in several studies. Hence, detection method as the risk factor was not included.

China released the National Agricultural and Rural Economic Development in the Tenth Five-Year Plan implemented from June 2001 (2001–2005). Of which, speeding up the development of the aquaculture industry was included. Meanwhile, establishing and perfecting a system for monitoring the safety and quality of aquatic products was mentioned. Hence, 2001 was used to be a first cut-off point for subgroup analysis. The 12th Five-Year Plan on Fishery Development and the 13th Five-Year Plan on Fishery Development were released in June 2011 and December 2016, respectively, each gives a higher priority for epidemic prevention and control of aquatic animals as well as safety and quality of aquatic products than before. Thus, we chose 2011 as the cut-off point to analyze the prevalence of anisakid nematodes. It is worth noting that we found 19 studies published after 2011, but only 5 studies before 2001. Hence, we speculated that the pooled estimates after 2011 was more likely to reflect prevalence of anisakid nematodes in fish in China.

Additionally, the rareness of anisakiasis in China may be associated with anisakid nematode species. Previous studies showed that the majority of human cases of anisakiasis were caused by Anisakis simplex, Anisakis pegreffii, and Pseudoterranova decipiens (10, 80, 81). However, A. simplex and A. pegreffii were reported only in 12 and 11 articles, respectively. The PCR approach proved to be cost-effective and reliable for the identification of the species of the genus Anisakis (82). However, PCR approach was not used in all studies related to species identification, which may lead to species misidentification. Moreover, only one article reported the presence of P. decipiens in fish in China.

Parasites were detected in muscle, intestine, mesentery and gonads. Although the point estimate of anisakid nematodes in muscle was low, larval migration to the muscles may occur after the death of the fish, which can increase the risk of anisakiasis (83, 84). Moreover, the differences between the two sibling species (A. simplex and A. pegreffii) in migration to the muscles of fish and to penetrate into the tissue of accidental hosts were found in several studies (38, 85, 86). From the perspective of food safety, further studies are needed to reveal the species composition of Anisakis and their geographical distribution in China.

The included studies covered a variety of fish species, and the prevalence of anisakid nematodes ranged from 0 to 100%. The results can serve as a guideline associated with food safety. Yellow goosefish (Lophius litulon) is a commercially important marine fish, and its stomach, intestine and liver are considered to be a delicacy in China (49). Also, cinnamon flounder (Pseudorhombus cinnamoneus) is a frequently consumed marine fish in China (40). Our analysis showed that L. litulon and P. cinnamoneus had a high prevalence, respectively. The high prevalence may be due to the fact that they eat crustaceans and small fishes, which are intermediate or paratenic hosts of anisakid nematodes (7, 11, 12). Additionally, several fish species, such as banded sergeant (Abudefduf septemfasciatus), sablefish (Anoplopoma fimbria), and skipjack tuna (Katsuwonus pelamis) tested negative for anisakid nematodes. This may be due to the small sample size for each of these fish species, because infection of K. pelamis by Anisakis larvae has been reported (12). Hence, further studies employing a larger number of sampled fish are needed to determine the prevalence in several fish species.

The advantages of the present study include the wide coverage, large total sample size, valid analysis method, large time span, and a comprehensive risk factor analysis. This is the first meta-analysis of the prevalence of anisakid nematodes in China. In the present study, most of the articles of medium quality reached the score of three. In addition, four or more potential risk factors were explored in the majority of articles. We believe that the study can reflect the prevalence of anisakid nematodes in fish in China during the last two decades. However, there are some limitations in this meta-analysis as follows: (i) five databases were used to identify publications, which may exclude some qualified articles from other databases; (ii) parts of the subgroups (such as sites of infection) have included fewer articles, which may lead to unstable results; (iii) this study was not registered in Cochrane, however, our meta-analysis was carried out strictly in accordance with the steps of PRISMA; and (iv) the range of environmental temperatures in the sea area where fish live is quite different from that of the land area, and analysis based on different regions of land areas may only serve as a reference. It is suggested that the researchers should clarify the sampling locations and fishing sites (such as the latitude and longitude of the specific sea area), which can contribute to the assessment of the environmental factor.



CONCLUSION

This study has shown that anisakid infection in fish was widespread in China, and the pooled prevalence varied among different fish species and provinces. Region, site of infection, fish status and quality level were the main factors affecting the prevalence rate. There is a need for continuous monitoring of anisakid infection in fish in China. Meanwhile, it is necessary to educate people, especially those living in coastal regions, about the risk of infection with anisakid nematodes and to avoid consumption of raw or undercooked fish.
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Reference ID Sampling time  Province Detection methods* No. tested No. positive Quality score  Quality level

Eastern China

Zhou (29) 1997.11-1998.1 Zhejiang Morphological identification 172 69 4 High
Yeetal. (30) 2004.04-2006.11  Zhejang Morphological identification 281 135 4 High
Zhang etal. (31) 2005.03-2006.03  Shandong Comprehensive test 123 66 3 Middle
Wang et al. (32) 2007.11-2008.12  Zhejiang Morphological identification 420 218 4 High
Zhang et al. (33) 2005-2010 Shanghai Morphological identification 418 55 5 High
Lietal. (34) 2010.01,05,06,09,  Shandong Morphological identification 113 98 5 High
11, 12;2011.01
Wen (35) 2011.05 Fujian Comprehensive test 506 283 4 High
Zhang et al. (36) 2012.04 Jiangsu Morphological identification 40 32 3 Midde
Liao et al. (37) 2013.11 Shandong Morphological identification 49 10 4 High
Kong et al. (39) 2011.04-201307  Zhefang Comprehensive test 122 116 3 Midde
Lietal. (39) 2008.10-2010.10  Zhejang Morphological identification 430 269 4 High
Lietal. (40) 2011.04 Shandong Comprehensive test 85 85 3 Middle
Linetal. (41) 2012-2016 Fujian Morphological identification 463 85 5 High
Yeetal (2) 2016.06-09 Shandong Morphological identification 169 28 5 High
Zhang etal. (43) 2016.01-12 Shandong Morphological identification 256 170 4 High
Zhou et al. (44) 2013-2014 Zhejiang Morphological identification 89 82 4 High
Chen et al. (45) UN Zhejiang Comprehensive test 204 204 3 Middle
Gong et al. (46) 2016.09-2017.06  Shandong Morphological identification 708 112 5 High
Luetal. (47) 2015-2017 Shanghai Morphological identification 633 204 5 High
Xu et al. (48) 2017.03-10 Jiangsu Comprehensive test 360 128 4 High
Zhang etaal. (49) UN Zhejiang Comprehensive test 42 42 2 Middle
Lin etal. (50) 201601-2018.12  Fujian Morphological identification 763 269 5 High
Qiao et al. (51) 2015-2017 Zhejiang Comprehensive test 140 108 3 Middle
VYang et al. (52) 2016-2017 Fujian Morphological identification 264 86 4 High
Yang et al. (52) 2016-2017 Jiangsu Morphological identification 349 154 4 High
Yang et al. (52) 2016-2017 Shandong Morphological identification 336 85 4 High
Yang et al. (52) 2016-2017 Shanghai Morphological identification 192 67 4 High
Yang et al. (52) 2016-2017 Zhejiang Morphological identification 433 155 4 High
Zhang et al. (53) 2018 Jiangsu Morphological identification 19 78 3 Middle
Northern China
Zhang (54) 2001.10-2002.417  Hebei Morphological identification 607 83 3 Viddie
Bi and Zhang (55) 2017 Hebei UN 246 7 4 High
Ma et al. (56) 2018 Beijing UN 20 3 Middle
Yang et al. (52) 2016-2017 Hebei Morphological identification 338 43 4 High
Northeastern China
Caiand An (57) 1990-1901 Liaoning Morphological identification 474 126 4 High
Zhang et al. (58) UN Liaoning Morphological identification 777 221 4 Middle
Bao and Shi (59) 2011.08-09 Liaoning Morphological identification 413 182 5 High
Du and Zhou (60) 2018.03-10 Liaoning Morphological identification 193 35 5 High
Gengetal. (61) 2016-2017 Liaoning Comprehensive test 222 70 4 High
Yang et al. (52) 2016-2017 Liaoning Morphological identification 321 90 4 High
South China
Sunetal. (62) 1985.3-1985.7  HongKong Morphological identification 455 249 3 Midde
Liao et al. (63) 1999.05-06 ‘Guangdong Morphological identification 70 11 3 Middle
Liu etal. (64) UN Guangdong Morphological identification 322 17 2 Middle
Ruan et al. (65) 2004-2008 Guangxi Morphological identification 86 12 5 High
Huang (66) 2010.04-11 Guangdong Comprehensive test 410 226 4 High
Chen et al. (67) 2013.02-12 Guangdong Morphological identification 382 181 5 High
Zhao et al. (68) 2013.12.8-11 Guangdong Comprehensive test 211 38 4 High
Yang et al. (52) 2016-2017 Guangxi Morphological identification 184 15 4 High
“UN, unclear.

Detection methods": Comprehensive test: Morphological identification, PCR.
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PRAW, original rate; PLN, logarithmic conversion; PLOGIT, logit transformation; PAS,
arcsine transformation; PFT, double-arcsine transformation; NaN, meaningless number;

NA, missing data.
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Database Limitation

PubMed Al files
ScienceDirect Title, abstract or author-specified keywords: China, fish
CNKI Advanced search and subject term and fuzzy retrieval and

synonym extension

Chongaing VP Advanced search and titie or keyword and fuzzy retrieval and
synonym extension

WanFang Advanced search and title or keyword and fuzzy retrieval and
synonym extension

Search formula*

(Anisakis [MeSH Terms] OR Anisaki OR Pseudoterranova OR Contracaccum OR
Hysterothylacium) AND (*Fishes” [Mesh] OR fish) AND* (China’{Mesh] OR
People’s Republic of China OR Mainland China OR Manchuria OR Sinkiang OR
Inner Mongolia)

Anisakis OR Hysterothylacium OR Pseudoterranova OR Contracaccum AND fish
AND China

“Anisakis” (Chinese) and “fish” (Chinese) or *Hysterothylacium” (Chinese) and
“fish” (Chinese) or “Pseudoterranova” (Chinese) and “fish” (Chinese) or
*Contracaccum’” and *fish” (Chinese)

“Anisakis” (Chinese) and “fish” (Chinese) or “Hysterothylacium” (Chinese) and
“fish” (Chinese) or “Pseudoterranova” (Chinese) and “fish” (Chinese) or
“Contracaccum’” and *fish” (Chinese)

“Anisakis” (Chinese) and “fish” (Chinese) or *Hysterothylacium” (Chinese) and
“fish" (Chinese) or *Pseudoterranova” (Chinese) and “fish” (Chinese) or
“Contracaccum” and *fish” (Chinese)

*“OR" was used to connect the entry terms, and “AND" was used to connect MeSH terms, they are both boolean operators.
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