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Abstract

Surveillance data published since 2010, although limited, showed that there is no
evidence of zoonotic parasite infection in market quality Atlantic salmon, marine
rainbow trout, gilthead seabream, turbot, meagre, Atlantic halibut, common carp
and European catfish. No studies were found for greater amberjack, brown trout,
African catfish, European eel and pikeperch. Anisakis pegreffii, A. simplex (s. s.) and
Cryptocotyle lingua were found in European seabass, Atlantic bluefin tuna and/or
cod, and Pseudamphistomum truncatum and Paracoenogonimus ovatus in tench,
produced in open offshore cages or flow-through ponds or tanks. It is almost cer-
tain that fish produced in closed recirculating aquaculture systems (RAS) or flow-
through facilities with filtered water intake and exclusively fed heat-treated feed
are free of zoonotic parasites. Since the last EFSA opinion, the UV-press and arti-
ficial digestion methods have been developed into ISO standards to detect para-
sites in fish, while new UV-scanning, optical, molecular and OMICs technologies
and methodologies have been developed for the detection, visualisation, isolation
and/or identification of zoonotic parasites in fish. Freezing and heating continue to
be the most efficient methods to kill parasites in fishery products. High-pressure
processing may be suitable for some specific products. Pulsed electric field is a
promising technology although further development is needed. Ultrasound treat-
ments were not effective. Traditional dry salting of anchovies successfully inac-
tivated Anisakis. Studies on other traditional processes — air-drying and double
salting (brine salting plus dry salting) — suggest that anisakids are successfully
inactivated, but more data covering these and other parasites in more fish spe-
cies and products is required to determine if these processes are always effective.
Marinade combinations with anchovies have not effectively inactivated anisakids.
Natural products, essential oils and plant extracts, may kill parasites but safety and
organoleptic data are lacking. Advanced processing techniques for intelligent gut-
ting and trimming are being developed to remove parasites from fish.
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SUMMARY

In 2010, the EFSA BIOHAZ Panel published a scientific opinion on food safety related to parasites in fishery products,
focusing on possible allergic reactions and the evaluation of alternative methods to freezing for killing viable parasites.
Fish-borne human diseases were primarily caused by infection with viable cestode, trematode and nematode parasites,
although allergic reactions were also possible when the parasite was Anisakis simplex (s. |.). Freezing (e.g. core temperature
at —15°C for at least 96 h, at —20°C for at least 24 h or at —35°C for at least 15 h) and heat treatments (e.g. core temperature
of at least 60°C for at least 1 min) were the most effective for killing fish-borne parasites including their larvae. There was
insufficient information to determine whether or not alternative treatments such as high hydrostatic pressure, irradiation,
drying and low voltage currents, were effective for killing Anisakidae larvae, but it was concluded that many traditional
marinating and cold smoking methods were not sufficient to kill these larvae.

The European Commission asked EFSA to update certain aspects of this BIOHAZ 2010 scientific opinion on risk assess-
ment of parasites in fishery products based on any new scientific evidence that may have become available since then. In
particular, EFSA was requested to review and assess:

ToR1: The occurrence of parasites of public health importance in fishery products derived from the most relevant farmed
fish species in the EU (in particular, but not limited to, Atlantic salmon, seabass, farmed seabream and turbot).

ToR2: Diagnostic methods for the detection of parasites of public health importance in fishery products from such
farmed fish species.

ToR3: Technical developments and new scientific data available in relation to killing viable parasites of public health
importance in fishery products, in particular treatments other than freezing, and

ToR4: Whether any particular species of wild caught fish originating from specific fishing grounds could be regarded as
not representing a health hazard with regard to the presence of parasites of public health importance.

This opinion covers ToRs 1-3.

Aquaculture in the EU currently produces ~ 1.1 million tonnes of aquatic organisms worth €4.2 billion annually. The
annual finfish production in the non-EU countries Norway and Iceland (EFTA), UK and Faroe Islands slightly exceeds 2.0
million tonnes, of which Norway alone produces more than 1.66 million tonnes, mostly consisting of Atlantic salmon. The
mean per capita annual consumption of fishery products in the EU is ~ 24 kg with one quarter of this (~ 1.25 million tonnes)
being supplied by aquaculture. Tuna (all species combined, mostly wild), Atlantic salmon (mostly farmed), cod (mostly wild)
and Alaska pollock (wild) were the four most consumed fishes in the EU.

Based on production and consumption data, the farmed finfish species considered most relevant and thus considered
in this opinion include: Atlantic salmon, Salmo salar; rainbow trout, Oncorhynchus mykiss; gilthead seabream, Sparus aurata;
European seabass, Dicentrarchus labrax; Atlantic bluefin tuna, Thunnus thynnus; turbot, Scophthalmus maximus; meagre,
Argyrosomus regius; Atlantic halibut, Hippoglossus hippoglossus; Atlantic cod, Gadus morhua; and greater amberjack, Seriola
dumerilii, all of which are produced in marine aquaculture, as well as rainbow trout, Oncorhynchus mykiss; brown trout,
Salmo trutta; common carp, Cyprinus carpio; European eel, Anguilla anguilla; European catfish, Silurus glanis, African catfish,
Clarias gariepinus; tench, Tinca tinca; and pikeperch, Sander lucioperca, from freshwater systems.

The most important zoonotic fish-borne parasites of public health importance occurring in the wild and to which
farmed fish produced in EU/EFTA aquaculture could be exposed include, in the marine environment, the nematodes A.
simplex (s. s.), A. pegreffii, Phocanema decipiens (s.1.) and Contracaecum osculatum (s.1.) as well as the trematode Cryptocotyle
lingua; and in freshwater ecosystems, the trematodes Opisthorchis felineus, Metorchis spp., Pseudamphistomum truncatum,
Paracoenogonimus ovatus and the cestode Dibothriocephalus spp.

Fish from seawater land-based recirculating aquaculture systems (RAS), or indoor or in roofed farming facilities with
filtered and/or treated water intake and exclusively fed heat-treated pelleted feed, are unlikely to be exposed to zoonotic
parasites. In contrast, fish farmed in open marine offshore cages or open flow-through freshwater ponds or tanks may
be exposed to zoonotic parasites. Since 2010, the number of studies testing fish for parasites were limited including in
Atlantic salmon (4), marine rainbow trout (5), gilthead seabream (9), European seabass (10), Atlantic bluefin tuna (2), turbot
(3), meagre (1), Atlantic halibut (1), Atlantic cod (1), freshwater rainbow trout (1), European catfish (1), tench (1) and common
carp (1). No studies were available for greater amberjack, brown trout, African catfish, European eel and pikeperch. The
studies available were primarily testing for anisakids and the majority failed to detect parasites in the fish. The exceptions
were European seabass, where two of the 10 studies reported two A. pegreffii and two A. simplex (s. |.) larvae in three fish
(of which 1 larva was detected in the fillet); Atlantic bluefin tuna, where A. pegreffii and A. simplex (s. s.) were detected with
prevalence values ranging from 17.1% to 32.8%; and Atlantic cod infected with C. lingua and A. simplex (s.1.), with prevalence
of 55%-79% for the first, and 1% for the latter. Potentially zoonotic freshwater trematodes (P. ovatus and P. truncatum) were
detected in tench only. No cestodes (Dibothriocephalus spp.) were found in any study of farmed fish in Europe.

These parasites can be detected directly from the fishery products via visual inspection including candling, artificial
digestion (ISO 23036-2), UV-press (ISO 23036-1) and further identified to species level by morphological (morphometrics)
and molecular approaches (PCR, gPCR). Additionally, parasite-specific molecules present within the fishery product matrix
can be detected using molecular methods such as immunoassays, quantitative PCR (qPCR) and proteomics. The molec-
ular identification of isolated parasites from fishery products has been significantly improved by the application of PCR-
amplification/sequencing studies targeting both nuclear and mitochondrial sequences in the parasites. When applied in
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combination with a microscopic identification technique, these molecular methods should be regarded as the most reli-
able identification methods.

Since the last EFSA BIOHAZ Panel (2010) scientific opinion, new technologies and methodologies have been developed
for the detection, visualisation and isolation of zoonotic parasites in fish products and for the specific identification of
the isolated parasites. These include new UV-scanning devices for the detection of Anisakis in fishery products and novel
optical (hyperspectral) sensing methodologies. However, further development and validation are required before wide
scale application. The application of artificial intelligence and machine learning algorithms in image and video processing
are also being tested to support the high-throughput detection, prediction of occurrence and identification of parasites in
fishery products.

Omics (genomics, metagenomics, transcriptomics and proteomics) generated data are also a recent and useful resource
for the selection of further molecular/genetic markers to be used for the identification and characterisation of zoonotic
parasites.

There are several treatments for inactivating parasites in fishery products. Since 2010, additional information and data
are available for freezing, heating (conventional and microwave), high-pressure processing (HPP), pulsed electric fields
(PEF), drying, ultrasounds, salting, marinating and the use of natural products. The susceptibility of Anisakis larvae to iso-
thermal lethal conditions has been mathematically described by the Weibull model. HPP employing specific pressure-time
combinations that maintain the sensory characteristics can be applied for some products, and the potential of PEF has been
explored although further development is needed. Ultrasound treatments have not shown to be effective. Traditional dry
salting processes of anchovies successfully inactivated Anisakis. Studies on other traditional preservation and process-
ing methods such as air-drying of Arctic migrating cod (‘stockfish’), double salting (salting in brine plus dry salting) of
anchovies and cod (‘baccala’) also suggest that anisakids are successfully inactivated. However, more data covering these
and other parasites in more fish species and products are required to determine if these processes are always effective.
Marinade combinations with anchovies have not proven successful. There are also several studies investigating the poten-
tial use of natural products, such as essential oils and plant extracts which may kill parasites but data on safety (toxicity)
and organoleptic properties are lacking. Most studies target nematodes of the family Anisakidae, with less information on
the trematodes and cestodes.

Advanced processing techniques for intelligent gutting and trimming operations are becoming available and their im-
plementation could have a significant impact on the removal of parasites. Other strategies for the removal of parasites by
chemical procedures are still in the proof-of-concept phase.

95UB017 SUOWWIOD 9A 181D 8qeat|dde auy Ag peusenof ae Sejoilie O ‘8sN Jo Sajni 1o} Akelqi 8uljuQ A8|IA\ UO (SUONIPUOD-PUe-SLLLB)/LI0D A8 1M Alelg 1 jeul|uo//Sdny) SUONIPUOD pue SWis | 8 89S *[1Z0z/70/62] Uo Akeiqieuliuo Ao|iM ‘uowiie |\ 8110 el | Aq 6T/8'%20Z s Ie" (/2062 0T/I0p/W0d" A8 1M Aelg 1 pul|uo es B//:Sdy Wo.j papeojumod ‘v ‘120z ‘2€L7TEST



8 0f 86 | PARASITES IN FISHERY PRODUCTS, PART 1

1 | INTRODUCTION
1.1 | Background and Terms of Reference as provided by the requestor

In 2010 EFSA published a scientific opinion on risk assessment of parasites in fishery products.' EFSA was requested to ana-
lyse three aspects:

1. Assessment of food safety concerns due to possible allergic reactions from parasites in fishery products;

2. Alternative treatments for killing viable parasites and comparison with freezing method;

3. Criteria for when fishing grounds (wild-farmed) fishery products do not present a health hazard (Atlantic salmon in par-
ticular). EFSA conclusions were considered for modifying part D of Annex llI, Section VIII, Chapter lll to Regulation (EC) No
853/20042 (Commission Regulation (EU) No 1276/2011).

In fact, part D of Annex lll, Section VIII, Chapter Il to Regulation (EC) No 853/2004 establishes that:
1. Food business operators placing on the market the following fishery products derived from finfish or cephalopods:

a. fishery products intended to be consumed raw; or
b. marinated, salted and any other treated fishery products, if the treatment is insufficient to kill the viable parasites;
must ensure that the raw material or finished product undergo a freezing treatment to kill viable parasites that may be
a risk to the health of the consumer.

The freezing treatment is not carried out for fishery products:

a. that have undergone or are intended to undergo before consumption a heat treatment that kills the viable
parasite. In the case of parasites other than trematodes the product is heated to a core temperature of 60°C or
more for at least 1 min;

b. that have been preserved as frozen fishery products for a sufficiently long period to kill the viable parasites;

c. from wild catches, provided that: (i) there are epidemiological data available indicating that the fishing grounds of origin
do not present a health hazard with regard to the presence of parasites; and (ii) the competent authority so authorises;

d. derived from fish farming, cultured from embryos and have been fed exclusively on a diet that cannot contain viable
parasites that present a health hazard, and one of the following requirements is complied with:

(i) have been exclusively reared in an environment that is free from viable parasites; or
(i) thefood business operator verifies through procedures, approved by the competent authority, that the fishery prod-
ucts do not represent a health hazard with regard to the presence of viable parasites.

Before placing on the market fishery products which have not undergone the freezing treatment or which are not in-
tended to undergo before consumption a treatment that kills viable parasites that present a health hazard, a food business
operator must ensure that the fishery products originate from a fishing ground or fish farming which complies with the
specific conditions referred to in one of those points. This provision may be met by information in the commercial docu-
ment or by any other information accompanying the fishery products.

The ParaFishControl is an EU H2020-funded project that aims at increasing the sustainability and competitiveness of the
European aquaculture industry by improving our understanding of fish-parasite interactions and by developing innova-
tive solutions and tools for the prevention, control and mitigation of the most harmful parasitic species affecting the main
European farmed fish species. The project started in 2015 and finished in 2020 and had a consortium of 29 partners (public
and private) from 13 countries. Research related to that project demonstrated in farmed seabass, farmed seabream, turbot,
and sea caged rainbow trout that no zoonotic parasites were found, concluding that the risk related to zoonotic Anisakidae
is negligible. The authors suggested that there is groundwork for amending the current legislation.

Other studies demonstrated that farmed fish were found to be less infected in comparison with wild fish (2%) but not
Anisakis free. Farmed fish is in general reported to be considerably less infected and therefore representing a very limited
food safety risk, but guaranteeing nematode free fish remains impossible.

In addition, the EFSA BIOHAZ Panel (2010) Opinion concluded that ‘no sea fishing grounds can be considered free of A.
simplex larvae’, and that ‘all wild caught seawater and freshwater fish must be considered at risk of containing viable para-
sites of human health hazard if these products are to be eaten raw or almost raw’. Furthermore, the BIOHAZ Panel recom-
mended the collection of systematic data on the complete life cycle, geographical and seasonal distribution, prevalence,
intensity, and anatomical location of parasites of public health importance in wild caught fishery products.

'https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2010.1543

2Regulation (EC) No 853/2004 of the European Parliament and of the Council of 29 April 2004 laying down specific hygiene rules for food of animal origin. OJ L 139,
30.4.2004, p. 55-205.https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004R0853. Consolidated text from 15 February 2023: https://eur-lex.europa.eu/
legal-content/EN/TXT/PDF/?uri=CELEX:02004R0853-20230215
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The European Union One Health 2020 Zoonoses report elaborated by EFSA and ECDC reports that in 2020, Anisakis
caused two outbreaks, both reported by Spain, involving six individuals. No outbreaks were reported in 2019. The causative
agent was not identified at the species level.

TERMS OF REFERENCE

EFSA is asked to update certain aspects of its Scientific Opinion of April 2010 on risk assessment of parasites in fishery prod-
ucts based on any new scientific evidence that may have become available since then. In particular, EFSA is requested
to review and assess:

1. The occurrence of parasites of public health importance in fishery products derived from the most relevant farmed
fish species in the EU (in particular, but not limited to, Atlantic salmon, seabass, farmed seabream and turbot).

2. Diagnostic methods for the detection of parasites of public health importance in fishery products from such farmed fish
species.

3. Technical developments and new scientific data available in relation to killing viable parasites of public health impor-
tance in fishery products, in particular treatments other than freezing.

4. Whether any particular species of wild caught fish originating from specific fishing grounds could be regarded as not
representing a health hazard with regards to the presence of parasites of public health importance.

The deadline for this scientific opinion, addressing ToRs1-3, is by 31 March 2024. For a 2nd opinion, addressing ToR4, 31
December 2024.

1.2 | Interpretation of the Terms of Reference
The following has been clarified with the requestor:

o Whereas the legal definition, according to (EC) No 853/2004, for ‘Fishery products’ means all marine water or freshwater
animals (except for live bivalve molluscs, live echinoderms, live tunicates and live marine gastropods, and all mammals,
reptiles and frogs) whether wild or farmed and including all edible forms, parts and products of such animals, for the
current opinion only finfish species will be covered.

« ToR1 covers aquaculture within the European Union and the European Free Trade Association (EU/EFTA).> Data from the
Faroe Islands and United Kingdom (UK) will also be considered in the assessment due to their importance as European
exporters of farmed finfish into the EU. Fish farmed outside these European areas/countries are excluded.

» ToR2 and ToR3 cover parasite detection and inactivation methods, respectively, used for finfish (both wild caught and
farmed fish).

» ToR4 will be presented in a separated opinion (Part 2). It will cover all fishing grounds for caught fish that are consumed
in the EU/EFTA market.

« While the previous EFSA scientific opinion from 2010 (EFSA BIOHAZ Panel, 2010) will be considered, the WG will focus on
new information and data generated since then. Accordingly, the information/literature/data to be revised will cover the
period from 2010 (inclusive) to date.

« Allergies will not be covered by the current assessment.

Additional clarification done by the working group members:

« In the context of this opinion, the parasites considered of public health importance will be those parasites that are
known to be zoonotic or are potentially zoonotic (updating those considered for EFSA BIOHAZ Panel, 2010).

» Only parasites that infect fish are considered. Parasites that do not infect fish but are found in contaminated waters
(e.g. Cryptosporidium, Giardia, Toxoplasma) and may be present in their gastrointestinal tract and subsequently cross-
contaminate fish during processing are excluded.

» Relevant finfish species will be defined considering data from the EU/EFTA aquaculture production and EU/EFTA con-
sumption, and thus their economic and dietary importance.

» With regard to the fishery products, only the edible parts of the finfish will be considered.

« In ToR1, occurrence refers to the frequencies in which parasites are found to be present in each of the indicated most
relevant finfish species. Epidemiological data on prevalence (number of infected fish/number of analysed fish x100, in
percentage), mean abundance (total number of parasites of a particular species recorded in a set of analysed fish/num-
ber of analysed fish) and mean intensity (total number of parasites of a particular species recorded in a set of analysed

3EFTA: includes Iceland, Liechtenstein, Norway and Switzerland. Faroe Islands (Denmark Kingdom) do not belong to the EU. Formal relations between the EU and the
Faroe Islands are currently based on three separate bilateral agreements dealing with fisheries, trade in goods and scientific and technological cooperation. The United
Kingdom (UK) left the European Union on 31 January 2020. These last two areas will be included based on their relevance in aquaculture production and imports into the
EU. For all data presented in this scientific opinion, the “EU” acronym refers to 28 Member States including UK until 31 January 2020 and to 27 Member States from 1
February on.
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fish/number of infected fishes) (according to Bush et al., 1997) as well as data on presence/absence (in some studies, this
may be all that is reported), will be considered.

¢ In ToR2, both the visual and molecular-based detection/identification methods will be considered.

 In ToR3, treatments for the inactivation and/or removal of viable parasites of public health importance in fishery prod-
ucts will be considered. Treatments may be of a physical or chemical nature or may be a combination of treatments.

Each ToR was translated into an assessment question (AQ) and if applicable, into sub-assessment questions (SQ1) (Annex A).
These read as follows:

AQ1: What is the occurrence of parasites of public health importance in fishery products derived from the most relevant
farmed finfish species in the EU/EFTA?

SQ1.1: Which are the most relevant farmed fish species produced in the EU/EFTA, in addition to Atlantic salmon, seabass,
seabream and turbot that may be infected with parasites of public health importance?

SQ1.2: Which are the parasites of public health importance that could infect the most relevant farmed finfish species in
the EU/EFTA (from SQ1.1)?

SQ1.3: Considering SQ1.1 and SQ1.2, what is the occurrence of parasites of public health importance in fishery products
derived from the most relevant farmed finfish species in the EU/EFTA (from SQ1.1)?

AQ2: What testing methods are currently available and may be available in the near future to test the fish species for the
parasites identified in the answer to ToR1?

AQ3. What technical developments and new scientific data for inactivation and/or removal of viable parasites (identi-
fied in the answer to ToR1) in fishery products, in particular treatments other than freezing, have been described since the
EFSA BIOHAZ Panel (2010) scientific opinion?

1.3 | Additional information
1.31 | EFSA BIOHAZ 2010 scientific opinion

In 2010, EFSA published a scientific opinion on food safety related to parasites in fishery products (EFSA BIOHAZ Panel, 2010).
Possible allergic reactions to parasites in fishery products were assessed and alternative treatments for killing viable para-
sites were evaluated as compared to the freezing method. The main identified fishery product-borne parasitic diseases for
humans were caused by cestodes, trematodes and nematodes. The associated diseases were mainly caused by infection
with the viable parasite. Allergic reactions to parasites in fishery products were also possible, but based on the limited data
available, these were only caused by Anisakis simplex. During the first infection with this parasite, the patient is sensitised,
and subsequent allergic reactions only require exposure to the antigen (the live parasite may not be present) and may be
severe. This allergic reaction and gastro-allergic anisakiasis is relatively common in some regions of Spain, Italy and Croatia
but is rarely reported in other parts of Europe.

Although most studies on the efficacy of physical and chemical treatments focused on A. simplex, it was considered
that the properties of other multicellular parasites were likely to be similar, apart from the trematode developmental stage
metacercariae, which are more heat resistant. Freezing and heat treatments were the most effective processes for kill-
ing fish-borne parasites including their larvae, when undertaken under specific conditions. These include, for example,
freezing (core temperature) at —15°C for at least 96 h, at —20°C for at least 24 h or at —35°C for at least 15 h. Heat treatment
should achieve a core temperature of at least 60°C for at least 1 min. There was insufficient information to determine
whether or not alternative treatments, including high hydrostatic pressure (also known as high-pressure processing, HPP,
used throughout the current document), irradiation, drying and low voltage currents, were effective for killing Anisakidae
larvae as an alternative to freezing. However, it was clear that many traditional marinating and cold smoking methods were
not sufficient to kill these larvae.

The criteria used to determine whether fishery products from specific fishing grounds were likely to present a health
hazard considered the species, prevalence, abundance and geographical distributions of the parasites and their hosts,
combined with results from monitoring. However, much of this data was lacking in 2010. Based on the limited information
available then, it was concluded that there were no fishing grounds that were free of parasites and thus all wild caught
seawater and freshwater fish were potentially infected and presented a risk of illness for consumers, especially if con-
sumed raw.

To undertake a similar assessment for fishery products from aquaculture, data on the prevalence, abundance, species
and geographical distributions of the parasites and their hosts were required, as well as information on the fish species and
susceptibility to parasites, origin of the stock, production system, type of feed and feeding methods, time span for growth
and processing method. Based on the information available in 2010, it was concluded that farmed Atlantic salmon reared
in floating cages or onshore tanks and fed on pelleted feedstuffs were unlikely to be infected with anisakids and the risk of
human infection with their larvae was considered to be negligible. Apart from farmed Atlantic salmon and anisakids, there
were insufficient monitoring data for other farmed fish, and thus, it was not possible to identify other farmed fish species
that did not present a health hazard with respect to the presence of parasites in related products.
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1.3.2 | Overview of parasites of public health importance in finfish from European waters (wild and
aquaculture)

As reported in EFSA BIOHAZ Panel (2010), the zoonotic parasites of public health relevance in fishery products include spe-
cies belonging to nematodes, trematodes and cestodes. Information on their life cycle and the distribution of the parasites
in the fish body/muscles was included in that scientific opinion. An update of the information currently available on the
parasites infecting fish sampled in European waters is included below.

1.3.2.1 | Nematoda

The most relevant zoonotic nematodes include parasites belonging to the Anisakidae family, encompassing some species
of the genera Anisakis, Phocanema® (recently resurrected genus to encompass six species formerly placed in genus
Pseudoterranova) (see Bao et al., 2023) and Contracaecum. In the latter genus, only species of the C. osculatum (s.1.) complex
maturing in pinnipeds are considered zoonotic.

These anisakid species share some general life cycle traits in that they all use planktonic or semi-planktonic crustaceans
as intermediate hosts and fish and/or squid (Anisakis) as paratenic/transport hosts carrying the infective larval stage (L3).
Marine mammals, i.e. cetaceans (Anisakis) or pinnipeds, act as definitive hosts where the nematodes reach maturity and
from which the eggs are released.

Concerning human zoonosis, the term anisakidosis is related to the disease caused generally by anisakids, while the
term anisakiasis refers to the disease caused by Anisakis spp. Generally speaking, anisakidosis and anisakiasis are under-
estimated because they are misdiagnosed and there is no compulsory notification at EU level. An overview of human
anisakidosis was also recently provided by Shamsi and Barton (2023).

Anisakis: The two species A. simplex (s. s.) and A. pegreffii are the most common zoonotic nematodes associated with the
consumption of raw or mildly thermally processed seafood. The L3 larval stages are mostly located in the visceral body
cavity and outside the internal organs, but they are also found in the musculature of commercially important fish species
(reviewed in Mattiucci et al., 2018; Shamsi & Barton, 2023) that are infected intra vitam and/or post-mortem. The latter
phenomenon is temperature dependant and occurs in the species A. pegreffii infecting anchovy (Engraulis encrasicholus)
above 2°C (Cipriani et al., 2016). Storage temperature and time influence the post-mortem motility of A. simplex (s. s.) larvae
in herring (Clupea harengus) and blue whiting (Micromesistius poutassou) (Cipriani et al., 2024). Keeping the temperature
at <2°C prevents larval post-mortem migration into the flesh during fish storage, handling and transportation (Cipriani
etal., 2024). Several studies have reported that the ventral (as compared to the dorsal) flesh is the most infected part of the
fish (reviewed in Mattiucci et al., 2018; Levsen et al., 2018). Humans may become infected with Anisakis L3 larvae when they
consume raw or undercooked fish, but these larvae do not develop to the adult stage. However, in a few cases, fourth-stage
larvae were isolated from human patients (Suzuki et al., 2021). When the larvae are viable and infective, the L3 of Anisakis
penetrates the mucosal layers of gastric and/or the intestinal tract within a few hours of being ingested causing tissues
damage. This acute gastrointestinal form of Anisakis infection represents an invasive disease (i.e. gastric anisakiasis (GA) or
intestinal anisakiasis (IA)). The ulceration is accompanied by an eosinophilic inflammatory response with subsequent gran-
uloma formation surrounding the penetrated larva. Clinical symptoms include severe stomach or abdominal pain, nausea,
vomiting and intestinal obstruction, and mimic other common gastrointestinal diseases, such as acute appendicitis, peptic
ulcer, etc. Basic diagnosis requires an anamnestic survey of the symptomatic patient and endoscopy, if possible, supported
by serological diagnosis. Early removal and identification of the worm is essential to avoid the chronic infection developing
into gastrointestinal eosinophilic granulomatosis.

The symptoms may also be complicated by a mild to strong allergic response (gastroallergic anisakiasis, GAA). It is
clearly documented that ingestion of viable L3 larvae is required for the induction of allergic manifestations (Mattiucci
et al., 2013). However, it is still unknown if an allergic reaction can occur because of exposure to allergens from dead para-
sites, e.g. present in canned or other heavily processed fishery products. Some allergens are relatively resistant to enzyme
digestion or heat treatment and can trigger IgE reactions even when L3 larvae are killed by freezing and/or cooking of the
fish (Carballeda-Sangiao et al., 2014). Since allergens related to zoonotic parasites will not be specifically covered by the
current assessment, this aspect will not be further discussed in this opinion.

The majority (72%) of human cases of illness caused by above-mentioned species of Anisakis are GA, while 26% are 1A
cases, with 2% being extra-gastrointestinal or ectopic anisakiasis (for a review, Mattiucci et al., 2018). A. simplex (s. s.) has been
identified by molecular methods causing invasive gastric and IA (Arai et al., 2014; EFSA BIOHAZ Panel, 2010; Roca-Geronés
et al,, 2020). Although associated with allergic anisakiasis, in some European countries, the aetiological agent has not been
identified at species level (Daschner et al., 2021; EFSA BIOHAZ Panel, 2010; Mattiucci et al., 2018). Anisakis pegreffii causes GA, 1A,
GAA and ectopic anisakiasis, being identified in cases of invasive anisakiasis, detected by observation and molecular identifi-
cation of the viable larvae during endoscopy (Arai et al., 2014; Lim et al., 2015; Mattiucci et al., 2011, 2013; Mattiucci, Colantoni,
et al., 2017; Mattiucci, Paoletti, et al., 2017), colonoscopy (D'Amelio et al., 2023; Mattiucci, Paoletti, et al., 2017), or in surgically

“Bao et al. (2023) proposed the resurrection of the genus Phocanema Myers, 1959, for the species of the Pseudoterranova decipiens (s.l.) complex: Phocanema decipiens
(krabbei, 1878) Myers,1959; Phocanema krabbei (Paggi, Mattiucci, Gibson, Berland, Nascetti, Cianchi Bullini, 2000), Bao, Giulietti, Levsen, Karlsbakk, 2023; Phocanema
bulbosum (Cobb, 1889) Bao, Giulietti, Levsen, Karlsbakk, 2023; Phocanema azarasi (Yamaguti and Arima, 1942) Bao, Giulietti, Levsen, Karlsbakk, 2023; Phocanema cattani
(George Nascimento and Urritia, 2000) Bao, Giulietti, Levsen, Karlsbakk, 2023. For the current scientific opinion, we follow this nomenclature, independently of the names
referred to in the original article.
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removed eosinophilic granulomas (Mattiucci et al., 2011; Mattiucci, Paoletti, et al., 2017; Mladineo et al., 2016). A. pegreffii infec-
tions have also been identified in Italy (D'Amelio et al., 2023; EFSA BIOHAZ Panel, 2010; Mattiucci et al., 2011, 2013; Mattiucci,
Colantoni, et al., 2017), Croatia (Mladineo et al., 2016), South Korea (Lim et al., 2015) and Japan (Arai et al., 2014). A. simplex
(s.s.) has been linked to invasive GA and |A in Japan (Arai et al., 2014; Auer et al., 2007; EFSA BIOHAZ Panel, 2010). The first case
of human anisakiasis due to A. simplex (s. s.) occurring in Poland has recently been described (Kotodziejczyk et al., 2020). In
Portugal, the first case was reported in 2017, but the larvae were only identified as Anisakis sp. (Carmo et al., 2017). Finally, re-
cords of human anisakiasis have been documented in recent years from Iran (Najjari et al., 2022), although it was not possible
to identify the Anisakis species, despite the application of the real-time PCR (qPCR) methodology. Similarly, the first case of
human ectopic anisakiasis due to Anisakis sp. was recently described in Greece, by histological and molecular diagnosis (Dinas
et al., 2024). It is still unclear if A. pegreffii and A. simplex (s. s.) differ in their pathogenic characteristics in human anisakiasis
(Suzuki et al., 2010). The finding of Anisakis sp. larvae in patients suffering from gastric and/or colon carcinoma has also been
reported (Garcia Pérez et al., 2015), although the demonstration of potential tumour-provoking capacity exerted by Anisakis
spp. larvae has not yet been demonstrated.

All cases of human anisakiasis that were confirmed by molecular methods have been caused by infections with A. pegreffii
or A. simplex (s. s.). However, one cannot exclude that other Anisakis species such as A. typica (s. |.) may act as aetiological
agents of human anisakiasis in areas where these parasites commonly occur in food fish. For example, A. typica (s. 1) has
been found in the muscle of commercially important fish species in the Indian ocean (Cipriani et al., 2022).

Phocanema: The Phocanema decipiens (s. l.) complex (see Bao et al., 2023; Paggi et al., 1991) consists of at least six sibling
species: Ph. decipiens (s. s.), Ph. azarasi, Ph. cattani, Ph. krabbei, Ph. bulbosum and Ph. decipiens sp. E. As adults, they live in
pinnipeds, with distinct gene pools and different geographical distribution (Mattiucci & Nascetti, 2008). So far, some of
these species are reported as zoonotic. The first human case caused by these nematodes was described by Lee et al. (1985)
in Korea, but the aetiological agent was not identified to species level by molecular markers. In Europe, in the recent years,
cases caused by Ph. decipiens (s. s.) were identified by molecular markers in Italy (Cavallero et al., 2016), and in France (Brunet
et al., 2017) most likely related to imported fish consumed raw or only lightly processed. A further infection due to Ph. de-
cipiens (s. s.) was detected in the nasal cavity of a patient from Denmark with rhinitis symptoms (Nordholm et al., 2020). Live
larvae of Ph. decipiens (s. 1) were also found in the pharynx, vomit or faeces in patients from Iceland in the years 2004 and
2005, after the consumption of fresh fish such as wolffish and cod (Skirnisson, 2022). A human case caused by Ph. azarasi
was reported from Japan (Arizono et al., 2011). Several cases caused by Ph. decipiens (s. s.) from South Korea were reviewed
by Song et al. (2022), while cases linked to the species Ph. cattani were described in Argentina (Menghi et al., 2020; Weitzel
et al., 2015).

Contracaecum: Contracaecum osculatum (s. s.) identified both by morphology and molecular markers was found to infect
pigs and elicit gastric eosinophilic granulomas suggesting the zoonotic potential of this anisakid (Strom et al., 2015). Two
cases of human infection, likely due to C. osculatum (s. |.), were reported from Japan (Nagasawa, 2012); however, no molec-
ular identification was performed. Additionally, a human case of Contracaecum sp. infection acquired from eating locally
caught fish was described in Australia (Shamsi & Butcher, 2011). All of these cases in Japan and Australia elicited milder
symptoms compared to anisakiasis, including vomiting, gastric or intestinal pain, and in some cases, spontaneous expel-
ling of larva in the stool (reviewed in Mattiucci, Cipriani, et al., 2017). The zoonotic role of Contracaecum species maturing to
the adult stage in fish-eating birds, e.g. C. rudolphii (s. 1.), has not been demonstrated to date.

1.3.2.2 | Trematoda

Zoonotic trematodes are present in the families Opisthorchiidae, Cyathocotylidae and Heterophyidae. Clonorchis sinen-
sis and taxa belonging to the genera Opisthorchis, Metorchis and Pseudamphistomum (family Opisthorchidae) may cause
cholangitis, choledocholithiasis, pancreatitis and cholangiocarcinoma (EFSA BIOHAZ Panel, 2010; Kondrashin et al., 2023).
Their prevalence in wild fish ranges from less than 1% to greater than 90%, depending on the region of the world. It is
noteworthy that human cases caused by species within these three genera occur sporadically in various parts of Italy (Pozio
et al., 2013, and more recent cases) and Russia (Kondrashin et al., 2023). The metacercariae of Paracoenogonimus ovatus
(family Cyathocotylidae) commonly occur in the flesh of several wild freshwater fish species including various cyprinids and
pike (Esox lucius) in central and south-eastern Europe. The zoonotic ability of P. ovatus has been demonstrated experimen-
tally in infection trials using laboratory rats which showed intestinal lesions that were causatively linked to the infection
(Goncharov & Soroka, 2016).

The metacercariae of the heterophyid species Cryptocotyle lingua, inducing black spot disease in fish, commonly occur
in many finfish species from the temperate and subarctic seas of the NE Atlantic (Duflot et al., 2023). C. lingua develops to
maturity in fish-eating birds but also in some terrestrial mammalian species, while periwinkles (Littorina spp.) act as first
the intermediate host from which the fish-infective cercaria stage emerge. Human infections with C. lingua have been re-
ported from Greenland and Alaska (Babbott et al., 1961; Rausch et al., 1967). Marine cage-reared fish are at risk of infection
with C. lingua metacercariae if the cages are sufficiently close to the shoreline. Some C. lingua cercariae may penetrate the
skin of the fish host and encyst in the superficial layers of the fillets, thus posing a zoonotic risk if infected fillets are con-
sumed raw or only lightly processed.
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1.3.23 | Cestoda

Cestodes of the genus Dibothriocephalus (syn. Diphyllobothrium) include at least 13 species that infect humans. These ces-
todes are widely distributed in fish, mammal and bird hosts (EFSA BIOHAZ Panel, 2010; Gustinelli et al., 2016) and are gen-
erally associated with intermediate and definitive hosts living in temperate or cold-water habitats. In recent years, several
reports have suggested an expansion of the geographic area of distribution of this genus, due to host switching events
(Kuchta et al., 2019). The broad fish tapeworm Dibothriocephalus latus has been considered the principal species infecting
humans in Europe (Kuchta et al., 2015). Human diphyllobothriosis due to D. latus has reemerged in the subalpine region
of Italy (Lago Maggiore and Lago di Como), Lake Geneva and from France while it shows a decrease in other historical
endemic areas, such as the Baltic countries (Kuchta et al., 2015). Raw fillets of perch (Perca fluviatilis) represent the major
source of infection. Sporadic cases of human diphyllobothriosis have also been reported from some countries of central
and western Europe, which have been considered free of the parasite. These cases seem to be due to the consumption
of imported fish. This is the case of D. pacificum and D. nikonkaiensise from Pacific region (reviewed in Kuchta et al., 2015).
The occurrence of the broad fish tapeworm, D. latus, in, e.g. wild European perch (Perca fluviatilis) is well documented (e.g.
Gustinelli et al., 2016; Kralova-Hromadova et al., 2021), and even non-endemic areas, such as Spain, report infections in fish
(Esteban et al., 2014). The older literature suggested widespread infections of wild fish in the Danube River. However, recent
studies on European perch from the river did not detect this parasite, and it was suggested that the infection was no longer
as widespread as previously considered (Radacovska et al., 2019).

In recent years, the occurrence of larval cestodes (Trypanorhyncha) of the genera Molicola and Gymnorhynchus has been
reported in the edible parts (muscle) of fish of commercial importance (i.e. scabbard fish, Lepidopus caudatus) (Palomba,
Marchiori, et al., 2023). These larval parasites are maturing to the adult stage in elasmobranchs in European waters. Although
these larval parasites are harmless to humans, a heavy infection could negatively impact the perceived quality of seafood in
particular due to the visible larval stages of trypanorhynch species in the edible parts of infected fish. Indeed, their occur-
rence has been also documented in RASFF notifications (see Figure 1). There is also speculation that Trypanorhyncha larvae,
i.e. Gymnorhynchus gigas and Molicola horridus, infecting the fish host musculature, could release proteins that might trigger
allergic reactions in humans (Gomez-Morales et al., 2008). However, these proteins have not yet been identified in marine
metacestodes.

1.3.24 | Acanthocephala

Acanthocephalans, using marine mammals, particularly whales, as the definitive hosts, use various fish species as paratenic
hosts, in which the infective larval stage resides. Genera Bolbosoma and Corynosoma include species which are zoonotic. Two
species within the genus Bolbosoma (B. capitatum and C. nipponicum) have caused human infections involving severe clinical
symptoms. The cases, all in Japan, were all associated with prior ingestion of fish products (e.g. sashimi) (Mathison et al., 2021).

The genus Corynosoma, using primarily seals (pinnipeds) and to some extent whales (cetaceans) as definitive hosts, com-
prises two species, C. villosum and C. validum, which have been connected to human infections. Ingestion of undercooked
fish products was suspected to be the source of infection (Mathison et al., 2021). Since various species of Corynosoma occur
in wild populations of e.g. Atlantic cod (Setyawan et al., 2020), the zoonotic potential of European species cannot be ex-
cluded. However, no records from aquacultured fish infected with this parasite genus exist.

1.3.2.5 | Cnidaria (Myxozoa)

At least two species within the myxosporidian genus Kudoa, i.e. K. thyrsites and K. islandica, are of concern to the European
fishery and aquaculture industries since they may induce ‘soft flesh’ which is a rapid and severe post-mortem enzymatic
degradation of the fish body musculature. Both species can infect commercially important wild fish species such as
Atlantic mackerel (Scomber scombrus) and wolffish (Anarhichas spp.) in NE Atlantic waters, respectively (Giulietti et al., 2022;
Kristmundsson & Freeman, 2014). Kudoa thyrsites has been identified as the causative agent of ‘soft flesh’ in farmed Atlantic
salmon in the Pacific, inflicting significant losses for the industry. There have only been two reports of K. thyrsites in farmed
Atlantic salmon from Spain and Ireland (Barja & Toranzo, 1993; Palmer, 1994). The parasite has not been identified from
other farmed fish species in the EU/EFTA. This may change, however, since climate-related alterations in the ecosystem may
facilitate the spread of K. thyrsites into northern European aquaculture systems.

Two Kudoa species, K. septempunctata and K. hexapunctata, have been identified as the causative agents of food poi-
soning following consumption of raw farmed or wild fish in Japan and Korea (Kang et al., 2020; Kawai et al., 2012; Sung
etal., 2023; Suzuki et al., 2015). Other species may be involved in hitherto unclarified episodes of adverse reactions after raw
fish consumption. Hence, in a Spanish study, anti-Kudoa sp. antibodies were detected in persons showing allergic reactions
after fish consumption (Martinez de Velasco et al., 2007). Although neither K. thyrsites nor K. islandica seem to cause food
poisoning in humans, a hypersensitisation to the parasites cannot be ruled out.

1.3.2.6 | Contamination of fish with other parasites

Occasionally, protozoan parasites that are not naturally infecting fish may contaminate fishery products. For example,
the oocyst of Cryptosporidium, Toxoplasma and Blastocystis species, originating from terrestrial vertebrates, have been
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detected in oysters, mussels and marine coastal fish (Aco-Alburqueque et al., 2022; Moratal et al., 2022; Santoro et al., 2020;
Tedde et al., 2019). Oocysts of these parasites are washed by rainfall from the anthropogenically or livestock-contaminated
terrestrial areas, or sewage water and are accidentally retained by bivalves or fish species that feed by filtering seawater
for plankton and microorganisms. Moreover, farmed seabass can be infected with the zoonotic species Cryptosporidium
ubiquitum, thus representing a potential risk for consumers (Moratal et al., 2022). However, its typical infection site in fish,
i.e. the gastrointestinal tract, is normally not consumed which largely prevents human infections. However, the possible
risk of infection during the fish cleaning and food processing cannot be excluded. As stated in the interpretation of ToRs
(Section 1.2), these parasites will not be considered in this assessment.

1.3.2.7 | Parasite virulence and pathogenic factors

In general, helminths pathogenic factors encompass a rich repertoire of molecules that are secreted/excreted by the para-
site and that play a role in the host-parasite interaction, both in natural and accidental (human) hosts. Recent progress
using omic methodologies have provided new information on the virulence and pathogenic repertoire of fish zoonotic
parasites. It has been demonstrated that the L3 of A. pegreffii secrete these factors, either as free proteins in the secretome
(Trumbic et al., 2021), or packaged in form of extracellular vesicles (EVs) (Boysen et al., 2020;Cavallero et al., 2022; Palomba,
Rughetti, et al., 2023). These products have a role in the larval invasion mechanism and the immunomodulation of the
host's response, in particular the evasion from the immune system. It has been suggested that the pathogenicity of
A. pegreffii L3 is likely the result of the direct invasive capability of the larva, its released excretory secretory products
(ESPs) (Trumbi¢ et al., 2021), including those transported by EVs (Cavallero et al., 2022; Palomba, Rughetti, et al., 2023), as
well as the intricate interplay of the host's immune response (Mehrdana et al., 2017). Among ESPs an array of peptidases
and peptidase inhibitors are considered essential for larval moulting, feeding, tissue penetration and migration (Mladineo
et al.,, 2023; Palomba, Rughetti, et al., 2023).

1.3.3 | RASFF notifications of zoonotic parasites in fish and fishery products

From 2010 to the end of 2023, there were 544 notifications of infection of the fish/fishery products reported by 21 EU
Member States to the Rapid Alert System for Food and Feed (RASFF,® see Section 2.1.1, last access on January 2024, Annex
B) (Figure 1). With 274 notifications, Italy was the Member State that had the most notifications (50.37% of the total), fol-
lowed by Spain with 113 notifications (20.77% of the total), France 29 (5.33%) and Greece with 28 (5.15%). The origin of the
notified products included Spain (114 cases), Morocco (95 cases), France (92 cases) and Norway (18 cases). In addition, 29
cases originated from New Zealand, of which 21 were notified by Greece in 2011 due to a parasitic infection with Anisakis
of frozen squids. Anisakis was the parasite reported in most (85%) of the notifications. In total, 95.59% of the notifications
were attributed to ‘Fish and fishery products’, but a noteworthy 4.04% was assigned to ‘Cephalopods and products thereof’
and 0.38% to ‘Bivalve molluscs and products thereof’. The most reported fish species were hake (20.22% of the total 544
notifications), mackerel (18%), monkfish/angler (13.60%), scabbardfish (6.43%) and codfish (5.70%). These five species to-
gether account for almost two-thirds of the total number of the notifications.

It is worth noting that of these only cod is considered an important farmed fish species, based on production and con-
sumption volumes in the EU, in this opinion (see Section 3.1.1). These notifications do not include information on whether
the product originated from wild fisheries or aquaculture production, so the infected cod may have been from wild caught
fish. More information on the notifications from 2001 to 2020 can be found in Caldeira et al. (2021).

*https://food.ec.europa.eu/safety/rasff_en. Data included in Annex B were provided to EFSA by colleagues of the RASFF Team.

95UB017 SUOWWIOD 9A 181D 8qeat|dde auy Ag peusenof ae Sejoilie O ‘8sN Jo Sajni 1o} Akelqi 8uljuQ A8|IA\ UO (SUONIPUOD-PUe-SLLLB)/LI0D A8 1M Alelg 1 jeul|uo//Sdny) SUONIPUOD pue SWis | 8 89S *[1Z0z/70/62] Uo Akeiqieuliuo Ao|iM ‘uowiie |\ 8110 el | Aq 6T/8'%20Z s Ie" (/2062 0T/I0p/W0d" A8 1M Aelg 1 pul|uo es B//:Sdy Wo.j papeojumod ‘v ‘120z ‘2€L7TEST


https://food.ec.europa.eu/safety/rasff_en

PARASITES IN FISHERY PRODUCTS, PART 1 15 of 86

Number of RASFF notifications on parasites infections

140
120
100

80

60

[ |
40 —
m il = B i i

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

o

o

= Anisakis m Reported as nematodes (a) Other parasites (b) ® Unknown

FIGURE 1 Number of RASFF notifications of parasite infections in fish and fishery products from 2010 to end of 2023. (a) Includes parasites
reported as nematodes without further specifying genus and species (i.e. Pseudoterranova). (b) Includes parasites other than nematodes (i.e.,
Trypanorhyncha, Opisthorchis, Acanthocephala, etc.). Unknown: notifications from unknown parasitic infections. Source: Graphic built by EFSA using
data provided by RASFF (Annex B, last update on January 30 2024, data included until December 2023).

The parasite notifications for imported fishery products since 2016 for the EU reported to GLOBEFISH® (see data
Section 2.1.2) are shown in Figure 2. In 2022, 11 cases of parasite notifications in imported fish were recorded, including 10
due to Anisakis, mainly detected in scabbard fish and scorpion fish, and one unidentified parasite in red mullet.

Notifications of imported fish infected by
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FIGURE 2 Notifications of imported fishery products infected by parasites (2016-2022) in the EU, according to GLOBEFISH (FAO). Source: Graphic
built by EFSA using data from GLOBEFISH (last access February 2024).

1.3.4 | Human outbreaks and related human cases caused by anisakid nematodes in the EU

According to the data reported by the Member States to the EFSA zoonoses and food-borne outbreaks database (see data
Section 2.1.3), 11 food-borne human outbreaks caused by unspecified Anisakis spp. were reported in the EU from 2010
to 2022. One occurred in France in 2010, and the other 10 in Spain in 2014 (1), 2015 (2), 2016 (2), 2018 (3) and 2020 (2). No
outbreaks were reported to EFSA in 2021 or 2022 (EFSA and ECDC, 2023). Altogether, there were 45 cases of illnesses, with
two cases where patients were hospitalised, and no deaths reported (Figure 3). Four outbreaks were reported with strong
evidence regarding the food vehicle, which was ‘fish and fishery products’.

Shttps://www.fao.org/in-action/globefish/import-notifications/import-notifications-eu/import-notifications-by-causes-2016-2022/en/
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Foodborne outbreaks and human cases caused by Anisakis spp. in the EU

2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010

r“r[r

o
N
I
(<)}

8 10 12 14 16 18 20 22

m Qutbreaks ®Cases

FIGURE 3 Food-borne outbreaks and related human cases caused by Anisakis spp. (unspecified) reported to the EFSA zoonoses and food-borne
outbreaks database. One outbreak occurred in France (2010) and the rest occurred in Spain over the years (2014-2020). Source: EFSA zoonoses and
foodborne outbreaks database (Annex C, last update January 2024).

Additionally, several (>50) cases of illness caused by A. pegreffii have been reported in Italy (reviewed in Mattiucci
et al., 2018; Guardone et al., 2018; D'Amelio et al., 2023) since 1999. In Portugal, there were three recent cases reported in
2017 (2), and in 2018 (1) (for a summary, see Santos et al., 2022). Overall, the occurrence of human anisakiasis is underesti-
mated due to underreporting and issues with diagnosis.

1.3.5 | Ecological drivers of the infection with zoonotic parasites in fish

The distribution of the zoonotic helminth parasites is the results of both biotic (hosts involved in their life cycle) and abiotic
factors.

Helminth parasites, such as opistorchid trematodes, have a patchy distribution within their geographical range and are
associated with specific wetlands. The zoonotic parasite Opistorchis felineus, for example, is present in European freshwater
fish and its bithyniids first intermediate snail hosts have been reported to be confined to slowly flowing shallow waters and
littoral zones of large bodies of water, such as lakes. The potential for expansion of the range of this parasite, as well as the
zoonotic species of Metorchis, is linked to the presence of suitable snail and fish hosts in the same area. These parasites use
both wild and domestic carnivore species as definitive hosts (Sithithaworn et al., 2015).

Even the existence of local foci of diphyllobothriosis infection depends on the presence of the first suitable intermedi-
ate host (copepods), the long-term survival of the larval stage (plerocercoids) in wild fish, as well as the large spectrum of
nonhuman definitive hosts (reservoirs) (Kuchta et al., 2015).

As for anisakid nematodes, successful transmission requires a wide availability of suitable definitive and intermediate
hosts, with a sufficient population size, and stable marine trophic chains that allow the parasites to complete their life
cycle. When conditions are favourable, a large parasite population can be maintained in fishing grounds (for a review see
Mattiucci et al., 2018; Palomba, Marchiori, et al., 2023).

Among the ecological drivers, the following factors should be also considered: (i) temperature, salinity and oceano-
graphic conditions as these affect the hatching of eggs and the survival and dispersion of the first larval stages of ani-
sakids; (ii) the fishing ground (the origin and migratory routes) of certain fish species can often explain the differences not
only in the distribution of Anisakis spp., but also of their infection levels (expressed as prevalence, mean abundance and/
or mean intensity, according to Bush et al. (1997), see 1.2) in the same fish species when sampled from different fishing
areas; (iii) the fish length/size (several different fish species have shown a strong positive correlation between fish size/
length and Anisakis spp. prevalence and/or abundance values); and (iv) the site of infection in the fish and cephalopod
hosts. The localisation of anisakids in different hosts tissues may vary for different parasites species. For example, differ-
ent rates of infection by A. pegreffii and A. simplex (s. s.) of the fish host's musculature (mainly the ventral belly flap) were
recorded (Levsen et al., 2018; Mattiucci et al., 2018). The L3 of A. typica (s. |.) has been also observed in fish musculature as
intra-vitam infection in its suitable fish hosts (Cipriani et al., 2022). Conversely, A. physeteris has never been found in the fish
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musculature. It has also been observed that the differential site of infection with anisakid species appear dependent not
only on the parasite species, but also on the fish host species (Cipriani et al., 2024; Levsen et al., 2018; Mattiucci et al., 2018;
Mladineo & Poljak, 2014).

Possible impact of climate change on parasite diversity and distribution in European aquaculture systems

In general, the currently observed or expected rise in water temperature, especially in northern seas (MedECC, 2020), may
increase parasite distribution, prevalence and transmission. For example, the hatching success of eggs and the survival
of free larvae of Anisakis simplex (s. 1.) can be achieved from 12°C to 19°C (Gomes et al., 2023; Hgjgaard, 1998; Mladineo
et al., 2023). Such a temperature range may prevail over longer periods during the year and over larger geographical areas
in the North-Atlantic as a result of climate change, thus facilitating the presence of relatively higher numbers of free and
infective Anisakis larvae and for longer periods of time. The ongoing or expected northward spread of plankton and fish in-
termediate or paratenic hosts of A. simplex (s. 1.), such as the copepod Calanus finmarchicus and Atlantic mackerel (Stenevik
& Sundby, 2007), along with a prolonged migration season of cetaceans that feed on them (Evans & Bjorge, 2013), may
also promote the presence of Anisakis larvae in the vicinity of coastal farming facilities in the NE-Atlantic (Norway, Iceland,
Faeroes, Scotland, Ireland).

Recent findings indicate a potential northbound expansion of the geographical range of A. pegreffii into NE Atlantic
waters. Previously limited to the northern part of the Atlantic Spanish coast, recent findings of its larval stages in the
Atlantic cod (Gay et al., 2018), the Atlantic mackerel (Levsen et al., 2018) and in European hake (Diez et al., 2022) seems to
indicate a northward expansion of the parasite. This suggests that the species may complete at least parts of its life cycle in
these areas. This hypothesis is supported by in vitro observations of A. pegreffii eggs hatching achieved at 19°C (Mladineo
etal., 2023; Moratal et al., 2023) suggesting the ongoing rising sea temperature in NE Atlantic waters could permit the com-
pletion of the A. pegreffii life cycle in those regions.

Other anisakid species have recently expanded their range of distribution, most likely as a consequence of changes in
sea temperature. For example, A. typica sp. A has shown increased prevalence values in the eastern Mediterranean basin
and in the Central Mediterranean (off the Malta coast) in co-infection with A. pegreffii and A. physeteris (Palomba, Marchiori,
et al., 2023). Previous molecular epidemiological studies had failed to detect this parasite in these locations (Mattiucci
et al., 2018). Considering the pelagic/mesopelagic life cycle of this parasite species and its capacity to infect fish mus-
cle, we cannot exclude the possibility of the higher probability of infection in fish in Mediterranean waters in the future
and the possibility of accidental transmission to farmed fish species in southern European countries (Palomba, Marchiori,
et al., 2023).

A recent review of the effect of long-term changes on the abundance of Anisakis spp. and Phocanema spp. suggested
an increase in the abundance of the former over a 53-year period (1962-2015). This was attributed to a range of factors
including long-term climate change that affected the host susceptibility to infection by compromising the ability of fish to
immunologically or behaviourally resist infection, or that facilitates faster growth and shorter generation times in aquatic
parasites (Fiorenza et al., 2020).

Other epidemiological drivers which could affect the dissemination of the fish-borne diseases especially related to ani-
sakids, include the changed habits of fish consumption. People more often consume raw or undercooked foods. At the
same time, there is an increasing interest in healthy dietary regimes that has driven increased fish consumption, resulting in
more aquaculture products being imported into Europe, including from areas with a high prevalence of zoonotic parasites
(Broglia & Kapel, 2011).

2 | DATA AND METHODOLOGIES
2.1 | Data

Since the EFSA BIOHAZ Panel (2010) scientific opinion on risk assessment of parasites in fishery products, there have been
changes in EU membership. For this opinion, when referring to/presenting EU data, data from Croatia were considered
from 1 July 2013 onwards, when the country joined the EU, and UK data were considered until 31 January 2020, when the
UK left the EU. Consequently, from 1 February 2020, the EU acronym refers to the current 27 Member States, and the UK
data are presented separately.

211 | Rapid Alert System for Food and Feed (RASFF)

The EC Rapid Alert System for Food and Feed (RASFF)° allows for the exchange of information among EU Member State
food safety authorities on health risks derived from potential non-compliant food or animal feed (legal framework, Article
50 of Regulation (EC) n. 178/2002, implementation established in Commission Implementing Regulation (EU) 2019/1715
of 30 September 2019 laying down rules for the functioning of the information management system for official controls
and its system components, the IMSOC Regulation). It operates through the iRASFF online platform. Data on the notifica-
tions received in EC SANTE RASFF on ‘parasitic infestations’ from 01 January 2010 to 31 December 2023 were provided by
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colleagues of the RASFF Team (Food Hygiene, Feed and Fraud, EC DG-SANTE, Unit G.5) to EFSA for the current opinion
(Annex B).

2.1.2 | FAO: Globefish

GLOBEFISH® is the FAO Fisheries Division-funded project responsible for providing up-to-date trade and market informa-
tion on fish and fishery products. Based on the RASFF Portal as source, GLOBEFISH summarises annually the causes of
import notifications, such as chemical, microbiological or parasitic, etc.

2.1.3 | Data on aquaculture production and fish consumption
21.3.1 | Dataon aquaculture production
The sources used for the data included in Section 3.1.1 and Table B.1 (Annex B) were taken from:

Eurostat’ is the statistical office of the European Union. Eurostat statistics on fisheries® contain data for the EU Member
States and the UK (until January 2020), Iceland and Norway on catches of fish products made by vessels in fishing regions;
aquaculture production (covers the farming of aquatic organisms such as finfish, molluscs, crustaceans, algae, etc., taking
place in both inland and marine areas, and includes also as organic aquaculture®); landings of fishery products in ports; and
fishing fleet.

EUMOFA'? is the European Market Observatory for Fisheries and Aquaculture developed by the European Commission.
EUMOFA collects daily data from EU countries, Iceland, Norway, UK and EU institutions on volumes, values and prices of
fishery and aquaculture products, from the first sale to retail stage, including imports and exports. Weekly data originate
from the European Commission, while monthly data originate from EUROSTAT — COMEXT. They produced yearly the Fish
Market reports11 (EC DG-MARE, 2023). Both the database data and the cited report were used for the current scientific
opinion.

Data on aquaculture for Norway were obtained from the Norwegian Directorate of Fisheries'? and its report ‘Key figures
from Norwegian Aquaculture Industry 2021’ (Fiskeridirektoratet, 2022), which serves as the Ministry of Trade, Industry and
Fisheries' advisory and executive body in matters pertaining to fishing and the management of aquaculture.

Data for Iceland were collected from Statistics Iceland, the centre for official statistics in Iceland.'

Finally, data for the UK were obtained from ‘UK fishing statistics’, House of Commons Library (Uberoi et al., 2022), from
the Organisation for Economic Co-operation and Development (OECD)" and from Seafish'® (public body sponsored by the
Department for Environment, Food and Rural Affairs, Defra, working also with the Scottish, Welsh and Northern Irish
administrations).

2.1.3.2 | Dataon fish consumption in the EU
The sources used for the data included in Section 3.1.1 and Table B.1 (Annex B) were taken from:

EUMOFA (see above).

EFSA Comprehensive Food Consumption Database'® is a source of information on food consumption across the EU. It
contains detailed data provided by competent authorities of Member States, the UK and EU pre-accession countries from
the most recent national dietary surveys in those countries, at the level of consumption by the individual consumer. In the
database, dietary surveys and food consumption data for each country are divided by category. Data from this database on
fish consumption were extracted and considered for the current opinion (filtering at level L1 for ‘Fish, seafood, amphibians,
reptiles and invertebrates’, down to L7 exact type of fish/product, Annex D).

"https://ec.europa.eu/eurostat

8https://ec.europa.eu/eurostat/web/fisheries/overview
°https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Aquaculture_statistics
%https://eumofa.eu/dashboards

"https://eumofa.eu/en/market-analysis

https://www.fiskeridir.no/English/

Bhttps://www.statice.is/
14https://www.oecd.org/agricuIture/topics/fisheries—and-aquacuIture/documents/reportfcnffishfg:;br.pdf
Bhttps://www.seafish.org/insight-and-research/aquaculture-data-and-insight/#:~:text=Value%20and%20volume%200f%20farmed,Atlantic%20salmon%20(%C2%
A3932%20million

"®https://www.efsa.europa.eu/en/data-report/food-consumption-data
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214 | The European Union One Health Zoonoses report

The EU system for the monitoring and collection of information on zoonoses is based on Directive 2003/99/EC, which
obliges EU Member States to collect relevant and, when applicable, comparable data on zoonoses, zoonotic agents, an-
timicrobial resistance and food-borne outbreaks. In accordance with the zoonoses directive, EFSA examines the national
reports and data submitted by the EU Member States regarding their zoonoses monitoring activities and publish an EU
Summary Report on the trends and sources of zoonoses and zoonotic agents in the EU (EFSA and ECDC, 2023). Data on
Anisakis reported by the Member States to the EFSA zoonoses and food-borne outbreaks database were extracted from
2010 to end of 2023 for the current opinion (Annex C).

2.1.5 | Datafrom EU and national research projects

PARASITE: ‘Parasite risk assessment with integrated tools in EU fish production value chains” (EC FP7-KBBE no. 312068, 2013
2016). It provided information on the epidemiology of zoonotic parasites in the most economically important fish species
or stocks from major European fishing grounds (Levsen et al., 2018), an overview of methods for the detection of anisakids
in fish samples (Levsen et al., 2018), and the identification to the species level by innovative molecular methods (Mattiucci
et al., 2016, 2019; Paoletti et al., 2018). It also provided technological tools for the mitigation of the risk posed by anisakids
in fishery products, methods to assess viability and infectivity of anisakids under different treatments and conditions and
information on treatments for the inactivation of anisakids. This and some other information generated within the project
were considered for the current opinion.

ParaFishControl ‘Advanced tools and research strategies for parasite control in European farmed fish""® (EU H2020, 2015-
2020). Information generated from an observational survey on the presence of Anisakidae zoonotic parasites in the most
economically relevant farmed marine fish species other than Atlantic salmon in European countries (Fioravanti et al., 2021)
was considered for the current opinion.

APROMAR' (2009-2011), ‘Presence of nematodes of the genus Anisakis evaluation in the Spanish marine aquacultured
fish’ (founded by the Spanish Ministry of the Environment and Rural and Marine affairs, and by the EC European Fishery
Fund). Information from an epidemiological study on the prevalence and intensity of Anisakis in Spanish aquaculture gilt-
head seabream, European seabass, turbot and meagre (APROMAR, 2012) was considered for the current opinion.

2.2 | Methodologies
221 | Approach to answer the ToRs

The approach to answer the ToRs was defined in advance and is described in the protocol (Annex A). It covers both the
problem formulation (i.e. what the assessment aims to address) and which methods will be used for addressing the prob-
lem. The problem formulation (‘what’) includes the clarification of the mandate (see further refined in Section 1.2) and
consists of the steps (1) translation of the mandate into scientifically answerable AQs, and (2) the selection of the approach
for the assessment. The planning of the methods for conducting the assessment (‘how’) consists of specifying the evidence
needs and the methods for answering each AQ, including the uncertainty analysis. Protocol development followed the
draft framework for protocol development for EFSA's scientific assessments (EFSA Scientific Committee, 2023).

2.2.2 | Literature search and expert knowledge

A qualitative assessment was undertaken, based on the available literature and expert knowledge within the WG as de-
tailed in the protocol (Annex A). The search strategy (search strings and databases) is included in Annex E (E1-E2). Literature
searches were extended using ‘footnote chasing’ (White et al., 1992) and supplemented by citation inputs by WG members
and information about relevant publications provided by members of the EFSA BIOHAZ Panel. The relevance of the records
in providing information was assessed by screening the title, keywords and the abstract and based on the knowledge and
expertise of the WG members. This review included international reports and EFSA scientific opinions and reports, scien-
tific review papers, book chapters, peer-review papers and other documents known by the experts or retrieved through
non-systematic searches. Current European Legislation and ISO standards were also considered.

Additionally, a systematic review conducted within the ‘Pathogens in foods database: extension with Vibrio and parasites’
EFSA's grant agreement (GP/EFSA/BIOHAW/2023/05%°) was used to complement the data collected from the searches men-

Vhttps://cordis.europa.eu/project/id/312068

"Bwww.parafishcontrol.eu
whttps://www.observatorio—acuicultura.es/informacion—de—interes/proyectos—de—id—destacados/evaluacion—de—la—presencia-de—nematodos—del—genero

2EFSA's grant agreement GP/EFSA/BIOHAW/2023/05 (Pathogens in foods database: extension with Vibrio and parasites) with as beneficiaries Instituto Politécnico de
Braganca (IPB) as coordinator and Agence nationale de sécurité sanitaire de I'alimentation, de I'environnement et du travail (Anses) as co-beneficiary.
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tioned above as described in Annex E (E3). Protocol followed and extracted data for the occurrence of anisakids in EU/EFTA
aquaculture are available at https://doi.org/10.5281/zenodo.10790873. These data will be incorporated in the ‘Pathogens in
Food (PIF) database (see Appendix 3) accessible through a web application (https://pif.esa.ipb.pt/).

2.2.3 | Uncertainty analysis

As recommended by the EFSA guidance and related principles and methods on uncertainty analysis in scientific assess-
ments (EFSA Scientific Committee, 2018a, 2018b), an uncertainty analysis was undertaken as described in the protocol
(Annex A), the sources of the main uncertainties related to ToR1 were identified by the experts in the WG and their impact
on the uncertainty of the answers to the AQ1, were discussed. Consensus expert judgement within the WG, informed by
the collected evidence and expert knowledge, was used to assess the certainty of the answers to the AQ1, which was ex-
pressed using EFSA's subjective probability scale when appropriate (EFSA Scientific Committee, 2018a).

3 | ASSESSMENT

3.1 | ToR1:The occurrence of parasites of public health importance in fishery products
derived from the most relevant farmed fish species in the EU (in particular, but not limited to,
Atlantic salmon, seabass, seabream and turbot)

AQ1T: What is the occurrence of parasites of public health importance in fishery products derived from the most relevant
farmed finfish species in the EU/EFTA?

This section addresses the occurrence of parasites of public health importance in fishery products derived from the
most relevant farmed finfish species in the EU/EFTA. The relevant farmed finfish species (considering data on production
and consumption) and the respective farming practices will be described before linking each fish species with specific
parasites.

3.1.1 | Farmed fish species in the EU/EFTA/Faroe Islands/UK

SQ1.1: Which are the most relevant farmed fish species produced in the EU/EFTA, in addition to Atlantic salmon, seabass,
seabream and turbot that may be infected with parasites of public health importance?

ToR1 of this opinion covers aquaculture within the EU, but also EFTA countries, among which Norway and Iceland are
the main producers. Production data from the Faroe Islands and United Kingdom (UK) are also relevant as both are major
exporters of farmed finfish into the EU (EC DG-MARE, 2023) and were also considered. Fish farmed outside these European
areas/countries are excluded.

3111 | EU/EFTA/Faroe Islands/UK aquaculture production
According to Eurostat data, between 2010 and 2021, the volume of EU aquaculture production remained relatively stable.

Aquaculture farming in the EU (Figure 4) yielded 1.1 million tonnes of aquatic organisms in 2021 (corresponding to one
quarter of the output of European fisheries as a whole), worth €4.2 billion.
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FIGURE 4 Total production of fishery products in the EU (2000-2021, in million tonnes of live weight). Source: Figure taken from Eurostat. https://
ec.europa.eu/eurostat/statistics-explained/index.php?title=Aquaculture_statistics

Despite the great diversity of farmed aquatic species in the world (~ 500 taxonomically recognised species of which 313
are finfish species [FAO, 2022]), only a small number of species dominate EU aquaculture production, being ~49% crusta-
ceans and molluscs, 19% salmonids, 22% marine fish and 10% freshwater fish (ECA, 2023).

The main farmed finfish species are trout (mainly rainbow trout, Oncorhynchus mykiss), gilthead seabream (Sparus au-
rata), European seabass (Dicentrarchus labrax), carp (mainly common carp, Cyprinus carpio), bluefin tuna (Atlantic bluefin
tuna, Thunnus thynnus), salmon (Atlantic salmon, Salmo salar) and turbot (Scophthalmus maximus) (Figures 5, 6; additional
data for the different fish species are shown in Appendix A, Table A.1). The main EU finfish producers are Greece, Spain,
Italy and France (EC DG-MARE, 2023).

Main species in aquaculture
production (% volume)

Mussel, Mytilus spp
Trout

Seabream, gilthead
Seabass, European
Oyster

Carp

Clam

Tuna, bluefin
Salmon

Turbot

0.

o

10.0 20.0 30.0 40.0

® In tonnes

FIGURE 5 Main species in EU aquaculture production in 2021 (percentage of volume in tonnes). Source: Graphic built by EFSA based on EUROSTAT
data (last access February 2024): https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Aquaculture_statistics#EU_Aquaculture.
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Volume (in tonnes) of finfish production by commercial species
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FIGURE 6 Volume (in tonnes) of aquaculture production by main commercial finfish species, in the EU, for the period 2010-2021. Note: UK data
were not included in 2020 and 2021 as the UK had left the EU and this accounts for the decrease in salmon production. Source: Graphic was built by
EFSA using data available at EUMOFA (https://eumofa.eu/data#aquacultureTab last access February 2024).

The production data for different fish species, according to the EU Fish market report 2023 (EC DG-MARE, 2023), are
provided in Appendix A, Table A.1.

Norway: Between 2010 and 2021, there was a sharp increase in the volume of Norwegian aquaculture production. The
total sales volume of farmed fish in Norway reached 1662 million tonnes in 2021, making Norway the largest fish producer
in Europe (the value of aquaculture output in Norway exceeding that of the whole of the EU, with Atlantic salmon alone ac-
counting for 93.9% of the total sales volume followed by rainbow trout with 5.7%)."® Atlantic cod and Atlantic halibut are cur-
rently intensively farmed in Norway with a total production volume reaching 4340 tonnes in 2021 (Appendix A, Table A.1).

In Iceland, the total production of farmed fish was 53,000 tonnes in 2021,>" with Atlantic salmon comprising 90% of all
fish farming (Appendix A, Table A.1). The farming of arctic char and rainbow trout was roughly 5000 and 1000 tonnes in
2021, respectively.

The total aquaculture production in Faroe Islands was roughly 95,000 tonnes in 2021, consisting entirely of Atlantic
salmon?®? (Appendix A, Table A.1).

British aquaculture: Aquaculture production stands at 230,000 tonnes in 2021, being an important part of the UK sea-
food industry.23 This production is dominated by Atlantic salmon (mainly farmed in Scotland [Uberoi et al., 2022]), followed
by marine molluscs and rainbow trout, while many other species are farmed in small volume?* (Appendix A, Table A.1).

3.1.1.2 | EUconsumption of fishery products

The mean per capita annual consumption of fishery products in the EU is ~ 24 kg with one quarter of this (~ 1.25 million
tonnes) being supplied by aquaculture. Tuna (all species combined, mostly wild), Atlantic salmon (mostly farmed), cod
(mostly wild) and Alaska pollock (wild) were the four most consumed fishes in the EU in 2021 according to EUMOFA (EC DG-
MARE, 2023) (Table 1, Appendix A, Table A.1). In 2021, Portugal (56.52 kg live weight/capita/year) was the major consumer
of fishery and aquaculture products in the EU, followed by Spain (43.0 kg live weight/capita/year) and France, Luxembourg
and ltaly (32.2, 31.4 and 30.2 kg live weight/capita/year, respectively) (EC DG-MARE, 2023) (Table 1).

TABLE 1 Apparent consumption of most consumed fishery and aquaculture finfish in the EU (2021).

Per capita consumption Increase or decrease in 2021 as

Products (kg, LWE) compared to 2020 % wild % farmed
Tuna 2.86 —6% 99.4% 0.6%
Salmon 2.60 77% 5.6% 94.4%
Cod 1.75 2% 99.9% 0.1%
Alaska pollock 1.68 -3% 100% 0%

Hake 1.02 -1% 100% 0%
Herring 1.00 -9% 100% 0%
Sardine 0.54 -3% 100% 0%

Zhttps://www.statice.is/publications/news-archive/fisheries/aquaculture-2021/
https://www.faroeseseafood.com/fishery-aquaculture/stats/stats-2021
Bhttps://www.fao.org/fishery/en/facp/GBR
24https://www.seafish.org/seafood—in-numbers/aquaculture/
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TABLE 1 (Continued)
Per capita consumption Increase or decrease in 2021 as

Products (kg, LWE) compared to 2020 % wild % farmed

Mackerel 0.53 -11% 100% 0%

Trout 0.49 0.3% 1.6% 98.4%

Saithe (=Coalfish) 0.36 2% 100% 0%

Other products 6.29 5% 73.8% 26.2%

Total 23.71 2% 71.3% 28.7%

Abbreviation: LWE, live weight equivalent.
Source: Adapted by EFSA from Table 10 of the EU Fish Market report, 2023 Edition (EC DG-MARE, 2023).

Additional data on specific fish consumption can be found in the EFSA Comprehensive European Food Consumption
Database (see data Section 2.1.4 and Annex D) and in EUMOFA section EU fish market country profile (EC DG-MARE, 2023).
3.1.1.3 | Most relevant farmed fish species

Based on the information available on production and consumption shown above and in Annex B (Table B1), the farmed
finfish species®® considered most relevant and that will be considered in the current opinion are the following:

For marine aquaculture: Atlantic salmon Salmo salar Linnaeus, 1758; rainbow trout Oncorhynchus mykiss (Walbaum,
1792); gilthead seabream Sparus aurata Linnaeus, 1758; European seabass Dicentrarchus labrax (Linnaeus, 1758); Atlantic
bluefin tuna Thunnus thynnus (Linnaeus, 1758); turbot Scophthalmus maximus (Linnaeus, 1758); meagre Argyrosomus regius
(Asso, 1801); Atlantic halibut Hippoglossus hippoglossus (Linnaeus, 1758); Atlantic cod Gadus morhua Linnaeus, 1758; and
greater amberjack Seriola dumerili (Risso, 1810).

For freshwater aquaculture: rainbow trout Oncorhynchus mykiss (Walbaum, 1792) and brown trout Salmo trutta Linnaeus,
1758; common carp Cyprinus carpio Linnaeus, 1758; European eel Anguilla anguilla (Linnaeus, 1758); European catfish Silurus
glanis (Linnaeus, 1758); African catfish Clarias gariepinus Burchell, 1822; tench Tinca tinca (Linnaeus, 1758); and pikeperch
Sander lucioperca (Linnaeus, 1758).

3.1.2 | Parasites of public health importance that could infect the most relevant farmed finfish
species in the EU/EFTA

SQ1.2: Which are the parasites of public health importance that could infect the most relevant farmed finfish species in the
EU/EFTA (from SQ1.1)?

As indicated in Section 1.2, in the context of this opinion, the parasites considered of public health importance are those
parasite species that are known to be zoonotic (updating those considered for EFSA BIOHAZ Panel (2010)). The evidently
zoonotic parasite species (see Section 1.3.2) which occur in the wild and to which farmed fish produced in EU/EFTA/Faroe
Islands/UK aquaculture could be exposed to infection, are shown in Table 2.

TABLE 2 Parasites of public health importance that could infect the most relevant farmed finfish species in the EU/EFTA/Faroe Islands/UK.
Phylum Family Genus Species
Nematoda Anisakidae Anisakis A.simplex (s.s.)
A. pegreffii
Phocanema® Ph. decipiens (s.1.)
Contracaecum C. osculatum (s..)
Platyhelminthes (Trematoda) Heterophyidae Cryptocotyle C.lingua
Opisthorchiidae Opisthorchis Q. felineus
Metorchis Metorchis spp.
Pseudamphistomum P. truncatum
Cyathocotylidae Paracoenogonimus P. ovatus
Platyhelminthes (Cestoda) Diphyllobothriidae Dibothriocephalus® Dibothriocephalus spp.

Abbreviations:s. |, sensu lato; s. s., sensu stricto.

?For Phocanema and Dibothriocephalus nomenclature, see Section 1.3.2.1.

“Following the nomenclature included in the WORMS database, https://www.marinespecies.org/
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3.1.3 | Occurrence of parasites of public health importance in fishery products derived from the
most relevant farmed fish species in the EU/EFTA

SQ1.3: Considering SQ1.1 and SQ1.2, what is the occurrence of zoonotic parasites of public health importance in fishery
products derived from the most relevant farmed finfish species in the EU/EFTA (from SQ1.1)?

The occurrence of parasites considered of public health importance (Section 3.1.2) in the different farmed finfish species,
as reported in the reviewed literature, is specifically outlined below (Sections 3.1.3.1-3.1.3.15) and summarised in Table 3. As
indicated above, available information from Faroe Islands and UK aquaculture was considered.

3.1.3.1 | Atlantic salmon

In EFSA BIOHAZ Panel (2010), the available evidence suggested that for farmed Atlantic salmon reared in floating cages or
onshore tanks, and fed compound feedstuffs which cannot contain live parasites, the risk of infection with larval anisakids
was negligible unless changes in farming practices occur (EFSA BIOHAZ Panel, 2010). Since 2010, there were four studies
that analysed farmed Atlantic salmon or products thereof for the presence of anisakid parasites (Table 3), two of which de-
tected A. simplex (s. s.) larvae in runts in the sea cages (Levsen & Maage, 2016; Mo et al., 2014). The findings were attributed
to opportunistic feeding of the runts on infected planktonic or semi-planktonic crustaceans or smaller wild fish which oc-
casionally cross the side nettings. Due to their poor appearance, runts are readily discarded during harvest and processing
and do not reach the market. However, the findings show that A. simplex (s. s.) larvae may enter the salmon production
cages along coastal Norway, suggesting that market quality fish are exposed to the parasite.

3.1.3.2 | Marine rainbow trout

In EFSA BIOHAZ Panel (2010), it was considered that sufficient monitoring data were not available to conclude about the
presence of zoonotic parasites in maricultured rainbow trout. Since then, there were five studies focusing on marine rainbow
trout produced in Denmark, Norway or in the UK (Table 3). The studies showed that market quality farmed marine rainbow
trout were free of zoonotic parasites (Brooker et al., 2016; Fioravanti et al., 2021; Karami et al., 2022; Roiha et al., 2021; Skov
et al., 2014). However, as was found for Norwegian Atlantic salmon, a few runts of maricultured rainbow trout in Norway
were shown to be infected with A. simplex (s. s.) larvae (Roiha et al., 2021) (Table 3). Since the culturing conditions of Atlantic
salmon and rainbow trout are identical in Norway, the same mechanisms of transmission are most likely involved in the
A. simplex (s. s.) infections in the runts of both fish species. As for Atlantic salmon, runts of maricultured rainbow trout are
readily discarded during harvest and processing and do not reach the market. However, the findings show that A. simplex
(s. s.) larvae may enter the rainbow trout production cages along coastal Norway, suggesting that market quality fish are
also exposed to the parasite. In Denmark, rainbow trout mariculture facilities are located in brackish water where the para-
site infection pressure is considered lower due to low water salinity, and no infections were reported for this production.

3.1.3.3 | Gilthead seabream

In EFSA BIOHAZ Panel (2010), it was indicated that no information was available on infections of farmed gilthead sea-
bream with larval anisakids. Since then, nine studies have investigated farmed gilthead seabream farmed mainly in the
Mediterranean Sea, but also from Canary Islands farms, and others with unknown origin, for the presence of anisakids
(Table 3). In these studies, no zoonotic parasites were reported for farmed gilthead seabream. Some Contracaecum spp.
larvae were found in farmed gilthead seabream from Sardinia (Italy) (Salati et al., 2013). However, the authors indicated that
the larvae likely belong to species maturing in piscivorous birds (Salati et al., 2013). Any zoonotic potential of these species
has not been demonstrated to date (see Section 1.3.2.1).

3.1.34 | European seabass

In EFSA BIOHAZ Panel (2010), it was indicated that no information was available on infections of farmed European seabass
with larval anisakids. Since then, 10 studies have investigated European seabass farmed mainly in the Mediterranean Sea
but also from Canary Islands farms for the presence of Anisakis (Table 3). In eight of the surveys, no zoonotic parasites were
found, while one study reported the presence of two A. pegreffii larvae in the body cavity of one farmed European seabass
from Greece sold at a fish market in Sicily, Italy (Cammilleri et al., 2018). In another study, Mercken et al. (2020) detected two
A. simplex (s. s.) larvae in the viscera and fillet, respectively, of two farmed seabass sampled randomly at a fish market in
Belgium. The farming location of the fish was unknown (Table 3).

3.1.3.5 | Atlantic bluefin tuna
In EFSA BIOHAZ Panel (2010), it was stated that farmed tuna may be infected with larval anisakids. Since then, two studies

have shown that farmed tuna are infected with A. pegreffii and A. simplex (s. s.), mostly beneath the stomach serosa and
to a lesser extent, in the pyloric caeca serosa (Mladineo et al., 2011; Mladineo & Poljak, 2014) (Table 3). One of two studies
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demonstrated that wild-caught juvenile tuna prior to release into net-pen cages, had twice as high level of Anisakis spp.
infections compared to fish that were caged for more than 1%z years (Mladineo et al., 2011). The prevalence ranged from
17.1% to 32.8%.

3136 | Turbot

In EFSA BIOHAZ Panel (2010), it was stated that there was no information available on infections of farmed turbot with
larval anisakids. Since then, two studies investigated the possible presence of anisakid parasites in farmed turbot along
the Atlantic coast of Spain in land-based farming systems (Table 3). In these studies, no zoonotic parasites were reported
for farmed turbot. Additionally, Mercken et al. (2020) did not detect any parasites in three farmed turbots (farming location
unknown) sampled randomly at a fish market in Belgium (Table 3).

3.1.3.7 | Meagre

This fish species was not considered in EFSA BIOHAZ Panel (2010). The presence of anisakids was tested in meagre in a
study undertaken in Spain (N=72), but no parasites were detected (APROMAR, 2012) (Table 3). However, sufficient monitor-
ing data are lacking for farmed meagre.

3.1.3.8 | Atlantic halibut

This fish species was not considered in EFSA BIOHAZ Panel (2010). A single study reported negative result for 75 farmed hal-
ibut in Scotland which were inspected visually by the naked eye and candling of fillet slices (Brooker et al., 2016) (Table 3).
Thus, only limited data are available for Scotland and monitoring data are lacking for Norway.

3.1.39 | Atlantic cod

In EFSA BIOHAZ Panel (2010), it was stated that there was no information available on the presence of parasites in farmed
Atlantic cod. Since then, only a single parasitological study on farmed cod has been carried out, including 136 hatchery-
reared fish from western and central coastal Norway (Heuch et al., 2011) (Table 3). The study revealed the occurrence of
C.lingua and A. simplex (s. .). In the same study, the presence of C. lingua was reported with a prevalence ranging from 55%
to 100% (Heuch et al., 2011). Additional data come from a routine veterinary inspection of farmed cod from a coastal sea-
cage locality in northern Norway,?® where a single Anisakis larva (not specifically identified) was found on the liver of a cod
runt. Additionally, the presence of ‘black spots’ (probably melanised cysts of C. lingua metacercariae) in/on the skin of some
of the inspected cod were observed.

3.1.3.10 | Greater amberjack

This fish species was not considered in EFSA BIOHAZ Panel (2010). No monitoring data is available for farmed greater
amberjack.

3.1.311 | Rainbow trout and brown trout

Since EFSA BIOHAZ Panel (2010), there was one study focusing on freshwater farmed rainbow trout in Denmark (Karami
et al,, 2022), and no zoonotic parasites were detected. Freshwater rainbow trout farms are usually connected to natural
water bodies (streams, lakes); thus, the fish may be exposed to snail-borne zoonotic parasites, such as trematodes. Since
this study exclusively investigated freshwater-reared rainbow trout in Denmark, monitoring data are lacking from other
freshwater rainbow trout producing countries in Europe.

There are no records or reports of any findings of potentially zoonotic parasites in farmed brown trout in the scientific
literature reviewed for the current opinion.

3.1.3.12 | Common carp and catfish

Common carp is mostly reared in earth pond systems connected to natural freshwater bodies in several central and eastern
European countries. Several studies have shown that wild cyprinids in natural freshwaters can carry various snail-borne
parasites, such as Opisthorchis spp. and Metorchis spp. It could therefore be expected that cultured carp is exposed to infec-
tion. However, a parasitological survey of cultured common carp in Hungary did not detect these parasites, and the meta-
cercariae found were non-zoonotic (Cech et al., 2021; Sandor et al., 2020). Monitoring data from other major carp producing
countries including Poland, Czechia and Germany are lacking.

Zhttps://www.vesteralenhavbruk.com/uploads/documents/Fiskehelserapport_Akerbla_mai.pdf
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European catfish and African catfish were not considered in EFSA BIOHAZ Panel (2010). Small-scale parasitological stud-
ies of farmed European catfish in Poland did not reveal any zoonotic parasites in the fish (Sobecka et al., 2010). In Europe,
African catfish are exclusively produced in facilities with recirculating aquaculture systems (RAS), suggesting that the fish
are not exposed to zoonotic parasites. However, monitoring data are not available for African catfish.

3.1.3.13 | European eel

Cultured eel is usually produced by stocking wild-caught glass-eels in RAS. It is generally considered that glass-eels are
susceptible to zoonotic anisakid nematodes. However, there are no studies that target zoonotic parasites in glass-eels.

3.1.3.14 | Tench

This fish species was not considered in the previous EFSA BIOHAZ Panel (2010). A recent study (Mata et al., 2023) re-
vealed the presence of metacercariae of two potentially zoonotic trematode species, i.e. Pseudamphistomum truncatum
(Opistorchiidae) and Paracoenogonimus ovatus (Cyathocotylidae) in the body musculature of both wild and pond cultured
tench in eastern Germany. Metacercariae of P. truncatum were also isolated in wild tench from lakes of North Italy (Caffara
et al., 2020). The prevalence of the metacercariae in farmed tench ranged from 9% to 100%. Since consumption of raw
or semi-raw marinated fillets of tench appears to be common, especially in parts of central and southern Europe (Pozio
et al., 2013), there is a risk of human infection with these trematodes. However, monitoring data are lacking from other
tench producing countries or areas in Europe.

3.1.3.15 | Pikeperch

This fish species was not considered in EFSA BIOHAZ Panel (2010). Pikeperch reared in open farming systems with water
inlets from rivers, streams and lakes may be exposed to infective parasite stages such as cercariae released from snail in-
termediate hosts. In Europe, pikeperch are largely produced in RAS, suggesting that the fish are not exposed to zoonotic
parasites. However, there are no studies specifically targeting zoonotic parasites in farmed pikeperch.
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TABLE 3

Marine fish species

Parasitological surveys of public health important parasites in farmed finfish produced in the EU/EFTA/UK from 2010 to 2023.

Fish species

Atlantic salmon

Marine rainbow trout

Gilthead seabream

No of analysed fish
270

10

4184 (3525 market
quality fish, 395
runts, 264 non-
runt discard fish)

100 (50 market
quality fish, 50
runts)

200

170

225

1038 (860 market
quality fish, 178
runts)

190 (95 market
quality fish, 95
runts)

43

612
145
462
551

53

Sampling origin (sea/country/point of
sale/product type)

Retail: smoked slices, 100-200 g,
obtained in supermarkets from Spain,
France and Italy. Unknown origin of
fish

Retail: fillets sampled in Belgium,
unknown origin of fish

Atlantic/Coastal Norway

Atlantic/Coastal Norway

Baltic Sea/Denmark

Baltic Sea/Denmark

Atlantic/Coastal Scotland/UK

Atlantic/Coastal Norway

Baltic Sea/Denmark

Mediterranean/Spain
Mediterranean/Spain (Murcia)
Mediterranean (Adriatic)/Croatia
Mediterranean/Greece and Italy

Atlantic and Mediterranean/Spain
(Murcia, Cataluia, Valencian
Community, Canary Islands and
Andalusia)

Mediterranean (Adriatic and lonian Seas)/
Italy (Apulia)

Period covered by the

studies

2016

5/2018-5/2019

1/2014-7/2015

07/2011

3/2016-11/2018

10/2020-12/2020

1/2012-11/2012

2015-2016

2012-2013

5/2006-6/2006
6/2006-9/2009
9/2008-8/2009
11/2008-12/2010
3/2010-4/2011

9/2012-8/2013

Infection level®

P=0%

P=0%

P=0% (market quality fish,
but 2 A. simplex (s. s.)
larvae in 1 runt)

P=0% (market quality fish,
but 59 A. simplex (s. s.)
larvae in 9 runts)

P=0%

P=0%

P=0%

P=0% (market quality
fish), (but 4 A. simplex
(s.s.) larvaein 2 runts)

P=0%

P=0%
P=0%
P=0%
P=0%
P=0%

P=0%

Survey detection
methodology

VI(TI)/UV-press

AD

UV-press

VI/AD

VI/AD (viscera)/UV-press
(fillets)

VI/AD (right fillets)/UV-press
(left fillets)

VI(TI)
UV-press

VI/AD

Vi

VI/AD

Vi

VI(TI)
VI/AD/UV-Press

VI/AD

References

Pardo Gonzalez et al. (2020)

Mercken et al. (2020)

Levsen and Maage (2016)

Mo et al. (2014)

Fioravanti et al. (2021)

Karami et al. (2022)

Brooker et al. (2016)

Roiha et al. (2021)

Skov et al. (2014)

Fernandez-Jover et al. (2010)
Penalver et al. (2010)
Mladineo et al. (2010)
loannou Kapota (2012)
APROMAR (2012)

Goffredo et al. (2019)

(Continues)
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TABLE 3 (Continued)

Marine fish species

Fish species No of analysed fish

17

3105

186,060

European seabass 259
151
31
310

916

83 (Italy)
68 (Greece)

75

21

3051

124,040

Sampling origin (sea/country/point of
sale/product type)

Retail: sampled in Belgium, unknown
origin (17 muscle samples including
fillets of 9 whole fish)

Mediterranean/Italy, Spain and Greece
Also including retail: Italian and Spanish
imports from Turkey, Greece and

Croatia

Mediterranean (Tyrrhenian Sea)/Italy
(Follonica)

Mediterranean/Spain (Murcia)
Mediterranean (Adriatic)/Croatia
Mediterranean/Spain

Atlantic and Mediterranean/Spain
(Murcia, Catalufia, Valencian
Community, Canary Islands and
Andalusia)

Mediterranean/Greece and Italy

Mediterranean/Italy (Sicily)
Also including retail: fish farmed in
Greece, sold in Sicily, Italy

Mediterranean (Adriatic and lonian Seas)/
Italy (Apulia)

Retail: sampled in Belgium, unknown
origin (21 muscle samples including
fillets of 11 whole fish)

Mediterranean/Italy, Spain and Greece
Also including retail: Italian and Spanish
imports from Turkey, Greece and

Croatia

Mediterranean (Tyrrhenian Sea)/Italy
(Follonica)

Period covered by the
studies

5/2018-5/2019

3/2016-11/2018

2016-2020

6/2006-9/2009
9/2008-8/2009
5/2006-6/2006
3/2010-4/2011

11/2008-12/2010
1/2015-8/2016

9/2012-8/2013

5/2018-5/2019

3/2016-11/2018

2016-2020

Infection level®

P=0%

P=0%

P=0%

P=0%
P=0%
P=0%
P=0%

P=0%

P=0% (fish farmed in
Sicily)

P=1.5% (2 A. pegreffii
in one fish farmed in
Greece)

MA=0.03

P=0%

P=18% (2 A. simplex (s.
s.) in the muscle and
viscera of two fish,
respectively, in a
sample of 11 whole fish
examined)

MA=0.2

MI=1

P=0%

P=0%

Survey detection
methodology

AD

VI/AD (viscera)/UV-press
(fillets)

\

VI/AD

Vi

Vi
VI/AD/UV-press

VI(TI)
VI/AD

VI/AD

AD

VI/AD (viscera)/UV-press
(fillets)

Vi

References

Mercken et al. (2020)

Fioravanti et al. (2021)

Castiglione et al. (2021)

Penalver et al. (2010)
Mladineo et al. (2010)
Fernandez-Jover et al. (2010)
APROMAR (2012)

loannou Kapota (2012)
Cammilleri et al. (2018)

Goffredo et al. (2019)

Mercken et al. (2020)

Fioravanti et al. (2021)

Castiglione et al. (2021)
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TABLE 3

Marine fish species

(Continued)

Sampling origin (sea/country/point of

Period covered by the

Survey detection

Fish species No of analysed fish sale/product type) studies Infection level® methodology References
Atlantic bluefintuna 58 Adriatic/Croatia 2003, 2005, 2006 P=32.8% A. pegreffii Vi Mladineo et al. (2011)
MA=4.7
MI=14.3
128 Adriatic/Croatia 2004-2006 P=17.1% A. pegreffii i Mladineo et al. (2011)
MA=24
MI=14.2
120 Adriatic/Croatia 2008 P =23.3% A. pegreffii, A. Vi Mladineo and Poljak (2014)
simplex (s. s.)b
MA=1.78
MI=6.5
Turbot 144 Atlantic/Spain 3/2010-4/2011 P=0% VI/AD/UV-press APROMAR (2012)
3 Retail: whole fish sampled in Belgium, 5/2018-5/2019 P=0% AD Mercken et al. (2020)
unknown origin
1035 Atlantic/Spain 3/2016-11/2018 P=0% VI/AD (viscera)/UV-press Fioravanti et al. (2021)
(fillets)
Meagre 72 Mediterranean/Spain (Murcia, Valencian 3/2010-4/2011 P=0% VI/AD/UV-press APROMAR (2012)
Community)
Atlantic halibut 150 Atlantic/West-coast of Scotland/UK 2012 P=0% VI(TI) Brooker et al. (2016)
Atlantic cod 136 (hatchery reared)  Atlantic/Norwegian coast 2006-2008 P=55%-79%, VI(TI) (left side fillets only) Heuch et al. (2011)
MA=1.4£1.1 C. lingua
P=1%, MA=0.0+0.3 A.
simplex (s. 1.) (infection
site not given)
Greater amberjack NA NA NA NA NA No reports for the period
available
Freshwater fish species
Period covered by the
Fish species No. of analysed fish  Country studies Infection level Survey detection Methodology References
Rainbow trout 180 Denmark 2016-2021 P=0% VI/AD (right fillets)/UV-press (left fillets) ~ Karami et al. (2022)
Brown trout NA NA NA NA NA No reports for the period available
Common carp 318 Hungary 2016-2017 P=0% VI/AD Sandor et al. (2020), Cech et al. (2021)
European catfish 36 Poland 2009 P=0% VI of all organs Sobecka et al. (2010)
African catfish NA NA NA NA NA No reports for the period available

(Continues)
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TABLE 3 (Continued)

Freshwater fish species

Period covered by the

Fish species No. of analysed fish  Country studies Infection level Survey detection Methodology References
European eel NA NA NA NA NA No reports for the period available
Tench NA Germany 2022 P >9% Pseudamphistomum VI (combined with compression) Mata et al. (2023)

truncatum and
Paracoenogonimus ovatus
infillets

Pikeperch NA NA NA NA NA No reports for the period available

Abbreviations: AD, artificial digestion; MA, mean abundance; MI, mean intensity; NA, not available; P, prevalence; Tl, transillumination (candling); UV, ultraviolet; VI, plain visual inspection.
?Infection level expressed as prevalence (P), mean abundance (MA) and/or mean intensity (MI) (calculated if not provided in the text), according to Bush et al. (1997), see Section 1.2.
PMolecular identification revealed that the majority belonged to A. pegreffii (97.4%), while two specimens were A. simplex (s. s.).

Additional information extracted collected for the ‘Pathogens in foods database’ (see Section 2.2.2, and Annex E, section E3) can be found in https://doi.org/10.5281/zenodo.
10790873.

Uncertainties
As is evident from the relatively few studies mentioned above, there is a lack of surveillance data for zoonotic parasites in the target fish species. More specifically:

a) there are no studies for specific fish species (e.g. greater amberjack, brown trout, African catfish, European eel, tench and pikeperch) and a limited number of studies for other
species;

b) the studies that are available do not cover all of the different producing countries, e.g. rainbow trout are farmed in a wide number of EU Member States (in 2021, in 23 EU Member
States, mostly in France, Italy and Denmark), and from those Member States only published data were available for Denmark (together with data from Norway and UK [Scotland]);
Portugal, France and the Netherlands have significant turbot fish farming activities but no published data on parasites in turbot for these countries; Atlantic halibut are farmed in
Norway and in UK (Scotland) but there is only published data available for Scotland, etc., as well as other examples mentioned above;

) in some studies, the sample size of collected fish is low for a proper statistical analysis and not representative of the large numbers of fish produced;

d) the majority of studies of maricultured fish focuses exclusively on anisakids;

e) the majority of studies has been performed on a single occasion and the seasonal or yearly data are missing;

f) moreover, the methodology is often not detailed or low-resolution methods are used. Even when the parasite detection methods used are sufficiently sensitive, the lack of stan-
dardisation inhibits comparison of the data in the different studies.

Due to the lack of representative data, it is not possible to make informative estimates of the prevalence or the abundance of those parasites considered of public health impor-
tance for all fish species, farming systems or production area in the EU/EFTA.
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3.1.4 | Farming practices which influence the likelihood of parasite infection of fish

Although uninfected and disinfected fish eggs and larvae are used for aquaculture, fish may be exposed to parasites
through the occasional access of intermediate and paratenic hosts in open flow-through freshwater systems or seawater
cages. Feeding with baitfish, such as in Atlantic bluefin tuna and to some extent in the greater amberjack aquaculture,
increases the possibility of fish exposure to anisakids. This risk is almost certainly eliminated when the fish are produced
in closed recirculating aquaculture systems (RAS) or flow-through facilities where the fish are reared in indoor or roofed
facilities with filtered and/or treated water intake and the fish is exclusively fed heat-treated feed. The offshore location of
salmon farms may also result in increased exposure of the fish to anisakids as they are situated close to marine mammals'
migration routes and habitats, especially cetaceans, that act as main definitive hosts of this parasite.

In some regions of the Mediterranean, larger seabass intermittently fed with unprocessed fish offal may be exposed to
anisakids.

Capture-based aquaculture that relies on the capture of juvenile wild fish for subsequent on-growing and fattening in
captivity, as used for the Atlantic bluefin tuna in Europe, also potentially facilitates exposure of the fish to parasites.

Further information on farming practices that constitute a risk were described in EFSA BIOHAZ Panel (2010) and Crotta
et al. (2016).

Use of cleaner fish: There are no reports of anisakid nematodes, or any other zoonotic parasites potentially transferable
to farmed salmonids, in commercially produced cleaner fish. Although hatchery-reared cleaner fish are increasingly pro-
duced, substantial numbers of wild cleaner fish, especially wrasses, are still employed (Erkinharju et al., 2021). For example,
close to 13.7 million individual wrasses were live caught along coastal Norway in 2022, and subsequently released into
Norwegian salmon and rainbow trout sea cage facilities for delousing purposes.?’

3.1.5 | Concluding remarks for ToR1
EFSA was requested to review and assess:

ToR1. The occurrence of parasites of public health importance in fishery products derived from the most relevant
farmed fish species in the EU (in particular, but not limited to, Atlantic salmon, seabass, farmed seabream and turbot).

AQ1: What is the occurrence of parasites of public health importance in fishery products derived from the most relevant
farmed finfish species in the EU/EFTA?

SQ1.1: Which are the most relevant farmed fish species produced in the EU/EFTA, in addition to Atlantic salmon, seabass,
seabream and turbot that may be infected with parasites of public health importance?

» The most relevant farmed finfish species in the EU/EFTA, based on production and consumption data, are Atlantic
salmon, rainbow trout, gilthead seabream, European seabass, Atlantic bluefin tuna, turbot, meagre, Atlantic cod, Atlantic
halibut and greater amberjack in marine farming systems; and rainbow and brown trout, common carp, European and
African catfish, European eel, tench and pikeperch in freshwater fish farming.

SQ1.2: Which are the parasites of public health importance that could infect the most relevant farmed finfish species in
the EU/EFTA (from SQ1.1)?

» The parasites of public health importance occurring in the wild and with which farmed fish produced in EU/EFTA aqua-
culture could be infected, include:

o in the marine environment the nematodes A. simplex (s. s.), A. pegreffii, Phocanema decipiens (s. |.) and Contracaecum
osculatum (s. l.) as well as the trematode Cryptocotyle lingua;

o in freshwater systems the trematodes Opisthorchis felineus, Metorchis spp. Pseudamphistomum truncatum,
Paracoenogonimus ovatus and the cestode Dibothriocephalus spp.

SQ1.3: Considering SQ1.1 and SQ1.2, what is the occurrence of parasites of public health importance in fishery products
derived from the most relevant farmed finfish species in the EU/EFTA (from SQ1.1)?

» The experts consider it to be 99%-100% certain (almost certain) that fish produced in recirculating aquaculture systems
(RAS), or indoor or roofed facilities with filtered and/or treated water intake are not exposed to parasites provided the
fish is exclusively fed heat-treated feed.

« Fish farmed in open marine offshore cages or open flow-through freshwater ponds or tanks can be exposed to zoonotic
parasites.

Zhttps://www.fiskeridir.no/Yrkesfiske/Tall-og-analyse/Fangst-og-kvoter/Fangst/Fangst-av-leppefisk
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« In summary the data on occurrence, since 2010 were as follows:

o Atlantic salmon: Four studies, all testing for anisakids, did not record infection in market quality fish.

o Marine rainbow trout: Five studies since 2010 (Denmark, Norway and UK), all testing for anisakids, did not record in-
fection in market quality fish.

o Gilthead seabream: Nine studies since 2010 (Mediterranean Sea), all testing for anisakids; no zoonotic parasites
detected.

o European seabass: 10 studies since 2010 (9 from Mediterranean Sea, 1 based on fish from retail), all testing for ani-
sakids; no parasites detected in 8/10; two A. pegreffii larvae detected in one farmed fish (Greece), two A. simplex (s. s.)
larvae detected in two farmed fish of unknown farming origin.

o Atlantic bluefin tuna: Two studies since 2010, testing for anisakids (Adriatic Sea, Croatia); Atlantic bluefin tuna infected

with A. pegreffii and A. simplex (s. s.) with prevalence values from 17.1% to 32.8%.

Turbot: Three studies since 2010 (Atlantic coast of Spain), all testing for anisakids; no parasites detected.

Meagre: One study since 2010 (Spain), testing for anisakids; no parasites detected.

Atlantic halibut: One study since 2010 (UK - Scotland), testing for anisakids; no parasites detected.

Atlantic cod: One study since 2010 (Norway), detected C. lingua (prevalence 55% to 79%) and A. simplex (s. 1.) (1%) in

hatchery reared fish.

Greater amberjack: No studies available.

Freshwater rainbow trout: One study since 2010 (Denmark), all testing for anisakids; no parasites detected.

Brown trout: No studies available.

Common carp: One study since 2010 (Hungary); no parasites detected.

European catfish: Several small-scale studies since 2010 (Poland); no parasites detected.

African catfish: No studies available.

Tench: One study since 2010 (Germany), presence of metacercariae of two potentially zoonotic trematode species, i.e.

Pseudamphistomum truncatum (Opistorchiidae) and Paracoenogonimus ovatus (Cyathocotylidae) detected.

o European eel and Pikeperch: No studies available.

O O O o

O O O O O O o

« Due to the lack of representative data, it is not possible to make informative estimates of the prevalence or the abun-
dance of those parasites, that are considered to be of public health importance, for all fish species, farming systems and
production area in the EU/EFTA.

3.2 | ToR2:Diagnostic methods for the detection of parasites of public health importance in
fishery products from such farmed fish species

AQ2: What testing methods are currently available and may be available in the near future to test the fish species for the
parasites identified in the answer to ToR1?

Diagnostic methods for the detection of parasites in fishery products can be divided into methods that are employed
for visualisation and isolation of the parasite, and methods to identify the parasite. Either methods are used for detection of
larval or juvenile stages of nematodes, trematodes and cestodes species, as described in Sections 1.3.2 and 3.1.2 (Table 4).

3.21 | Current diagnostic methods

Methods currently in use are essentially those described in EFSA BIOHAZ Panel (2010) with some having undergone further
optimisation (Table 4).

3.21.1 | Methods to visualise and isolate parasites

The current methods to visualise and isolate parasites include visual inspection, artificial digestion and UV-press method.

Visual inspection of fishery products includes candling, sometimes referred as transillumination (a method whereby vis-
ible ascaridoid larvae are detected in fish slices on a light table) (Mercken et al., 2022). This method has low sensitivity, e.g.
detecting only 7%-10% of anisakid L3, however, it is the only non-destructive method for parasite detection. The meth-
odology and equipment were described in EFSA BIOHAZ Panel (2010). Candling is mostly useful for the detection of larger
nematode larvae. A recently reported sensitivity for ascaridoids in fish fillets was 31% and the negative predictive value
(NPV) was 87%. However, the sensitivity increases with the increase of larvae per 100 g of infected muscle. Phocanema spp.
larvae are recovered at a higher percentage as they are darker and larger (Mercken et al., 2022). There has been no change
in this method since 2010.

Artificial digestion mimics the digestion process in a carnivorous animal and involves the use of a pepsin and hydrochlo-
ric acid solution to free parasitic larvae from muscle or other tissues (EFSA BIOHAZ Panel, 2010). The filtrate is subsequently
examined by microscopy, recovering virtually all parasites, although it is time-consuming and thus used for specific surveys

95UB017 SUOWWIOD 9A 181D 8qeat|dde auy Ag peusenof ae Sejoilie O ‘8sN Jo Sajni 1o} Akelqi 8uljuQ A8|IA\ UO (SUONIPUOD-PUe-SLLLB)/LI0D A8 1M Alelg 1 jeul|uo//Sdny) SUONIPUOD pue SWis | 8 89S *[1Z0z/70/62] Uo Akeiqieuliuo Ao|iM ‘uowiie |\ 8110 el | Aq 6T/8'%20Z s Ie" (/2062 0T/I0p/W0d" A8 1M Aelg 1 pul|uo es B//:Sdy Wo.j papeojumod ‘v ‘120z ‘2€L7TEST



PARASITES IN FISHERY PRODUCTS, PART 1 | 330f86

rather than mass screening. ldentification of isolated nematode larvae to the genus level can be achieved by light mi-
croscopy, but species identification requires the application of molecular methods. Artificial digestion is very useful for
products containing live parasite larvae (Mehrdana et al., 2015), but less sensitive if larvae are dead (e.g. in frozen products,
Sanchez-Alonso, Rodriguez, Tejada, et al., 2021) because live parasite larvae have a range of molecules, that make them
resistant to the action of pepsin and hydrochloric acid.

The main improvement since 2010 of the artificial digestion for anisakids detection was the use of the liquid pepsin
(Llarena-Reino et al., 2013) and standardisation of the method, becoming the ISO 23036-2:2021 standard (ISO, 2021a). The
recovery of anisakids is 91.7%, with sensitivity and specificity of 93%-100%, and accuracy of 97% (Guardone et al., 2016).
The method is also used for the extraction of trematodes (metacercariae) and cestodes (plerocercoids) from large quanti-
ties of fish (Borges et al., 2015; EFSA BIOHAZ Panel, 2010). Recently, four artificial digestion protocols have been compared
for the detection of Cryptocotyle metacercariae in fish fillets, suggesting that the orbital digestion was the least destructive
for metacercariae, allowing their better quantification and a reliable morphological identification up to 8 days post-mortem
(Duflot et al., 2021). Due to considerable size differences between parasite types (trematode metacercaria ~ of <1mm,
cestodes between 1 and 30 mm and anisakid larvae between 1 and 45 mm), appropriate filter sizes should be selected. This
method is better than visual inspection, and it is particularly useful for metacercariae for which conventional detection
methods (microscopic examination of compressed flesh samples) are time-consuming and lack sensitivity.

UV-press method (i.e. compression of the edible portion followed by freezing and UV exposure) and subsequent micro-
scopical evaluation is well adopted and more widely applied for nematode larvae detection since 2010 (Levsen et al., 2018).
Various types of equipment may be used for the process (EFSA BIOHAZ Panel, 2010), which shows higher reproducibility
than artificial digestion, but with no differences in accuracy and specificity (Gdmez-Morales et al., 2018). Since 2010, the
method has been standardised for the detection of anisakids, becoming the ISO 23036-1:2021 standard (ISO, 2021b).

The spectral signature of the nematode larvae depends on the host muscle and its biochemical components, but it is
usually detected in the range of 370 to 600 nm. Darker nematodes, such as Phocanema spp. emit another fluorescent peak
at around 630-650 nm, likely associated with met-haemoglobin (Mhb) (Klapper et al., 2021).

A prototype tool capitalising on the UV-press method is the UV-scanner (Parasites project final report®®), now commer-
cially available. It consists of a black box with UV light where the fillet is inserted, and a scanning device with a monitor that
visualises the fillet under the UV. However, to date, this scanning technique has not been fully validated for all types of
zoonotic parasites in different fishery products.

For both methods, the UV-pressing and the artificial digestion, it is possible to quantify the number of larvae with a high
confidence level, but both are destructive and less reliable with very low or very high numbers of larvae.

3.21.2 | Methods to identify parasites

The methods to identify parasites include microscopic evaluation, immunological methods and molecular identification
(Table 4).

Microscopical evaluation of morphological and morphometric parameters has been described in the previous EFSA
opinion (EFSA BIOHAZ Panel, 2010) and have not changed since then. It involves mounting of the live and/or dead stained
and/or unstained parasites on microscope slides and light microscopical evaluation of the morphological and morphomet-
ric parameters. It is not species-specific but facilitates the identification of the isolated parasites to the genus level, when
morphological features are visible.

Immunological methods targeting parasite antigens in seafood extracts comprises an ELISA method using polyclonal
antibodies (Faeste, Levsen, et al., 2015; Faeste, Plassen, et al., 2015; Werner et al., 2011). The sensitivity has been confirmed and
the specificity documented by an enzyme-linked immunoassay (ELISA) applying IgE from an allergic patient. The method
is destructive, necessitates staff training but requires relatively non-expensive equipment. The sensitivity is high, even for
samples that were false-negative when tested by commercial gPCR (see below), but the limit of detection (LOD) varies de-
pending on the fish species of the raw material (Kochanowski et al., 2020). Due to cross-allergenicity among anisakids, the
choice of detecting antibody is crucial for accurate species identification (Mehrdana et al., 2021).

Molecular identification. After the isolation of the worms and DNA extraction, identification can be done by polymerase
chain reaction (PCR)-amplification of the DNA targets of interest. If standard procedures are followed and the parasites
are stored in ethanol and/or frozen, the quality and quantity of extracted DNA will not be affected (Sales et al., 2020).
Consequently, a target fragment of purified DNA is amplified using PCR. The most common target fragment for ampli-
fication in parasites is nuclear and/or mitochondrial genome sequences. All parasite species may be identified using this
method after selecting the appropriate primer set. Although this technology was available in 2010, the number of potential
DNA target gene loci and types of PCR has increased significantly, facilitating increased diagnostic precision.

Application for the identification of different types of parasites is described below.

The methodology for genetic identification of nematodes relies on the sequencing of conventional nuclear gene loci,
such as the ribosomal DNA that includes the 18S, internal transcribed spacers ITS-1, 5.8S, ITS-2 and 28S. Primers for ampli-
fication of ITS target locus for anisakids have been reviewed in Mattiucci et al. (2018) and Karami et al. (2022). New nuclear
loci targets, which successfully differentiate sibling species within the A. simplex (s. |.) complex include the elongation

28https://cordis.europa.eu/project/id/312068/reporting/es
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factor (EF) alpha-1 (Mattiucci et al., 2016), the metallopeptidase nas10 (Palomba, Paoletti, et al., 2020) and DNA microsatel-
lites (SSRs loci) (Bello et al., 2020, 2021; Mattiucci et al., 2019; Mladineo et al., 2017). The latter were not developed to identify
all the anisakid species. In contrast, the mitochondrial gene locus mtDNA cox2 (see Mattiucci & Nascetti, 2008) allows the
molecular identification of all the anisakid species of genera Anisakis, Phocanema and Contracaecum. To quantify DNA of
anisakids by a real-time PCR (qPCR), a TagMan assay for the ITS locus is used (Lopez & Pardo, 2010; Mossali et al., 2010). For
identification of zoonotic species of the genus Anisakis and Phocanema spp., a multiplex gPCR detection assay was devel-
oped and commercialised, and subsequently validated by Cavallero et al. (2017). Another multiplex gPCR that uses mtDNA
cox2 locus was developed for the identification of the zoonotic species infecting fish in European waters, i.e. Anisakis
pegreffii, A. simplex (s. s.), Ph. decipiens (s. s.), Ph. krabbei to be discriminated from non-zoonotic species, i.e. Hysterothylacium
aduncum (Paoletti et al., 2018).

A loop-mediated isothermal amplification (LAMP) assay, developed for use in industry, discriminates larvae of Anisakis
from Phocanema and Hysterothylacium genera. It has some advantages as it is faster than conventional PCR or qPCR and
does not require reagents and temperature control devices as required by the former (Cammilleri et al., 2020). However, this
LAMP assay is not able to identify the isolated parasites to the species level. Finally, recombinase polymerase amplification-
SYBR Green (RPA-SG) uses ITS locus to differentiate between A. simplex, A. pegreffii, A. typica, but achieves sensitivity of 10?
copies per reaction (qPCR) in 20 min at 37°C (Chen et al., 2022). A SYBR-Green uses mtDNA cox2 was developed to detect A.
simplex (s.I) DNA in commercial fish-derived food (Godinez-Gonzales et al., 2017).

For trematodes, PCR-based techniques to detect the development stages of the liver flukes in snail and fish infections
have been described. For example, PCR methods targeting nuclear and mitochondrial genes are available for the detec-
tion of O. viverrini metacercariae in fish meat and C. sinensis metacercariae in fish (EFSA BIOHAZ Panel, 2010). Primers to
be used for the identification of a range of opisthorchiid and heterophyid species are described in Duan et al. (2021). The
European opisthorchiid species isolated from fish fillets O. felineus can be identified by PCR amplification of mtDNA cox1
locus (Caffara et al., 2017). Subsequently, a multiplex PCR was developed to identify European opisthorchiids and hetero-
phyids isolated from fish such as O. felineus, P. truncatum, Metorchis spp., Metagonimus spp. and Apophallus spp. using 18S,
ITS rDNA, mtDNA cox1 (Caffara et al., 2020). Multiplex PCR (rDNA 18S locus and mtDNA cytb locus) has also been developed
for the identification of C. formosanus in fish (Jaruboonyakorn et al., 2022). Molecular tools for the identification of opist-
horchioidea in general have been reviewed by Duflot et al. (2021).

For cestodes, as for other parasites, the intermediate stage plerocercoids detected by microscopic examination of com-
pressed fish flesh or organ samples can be identified at species level by molecular methods. Conventional PCR with subse-
quent sequencing, and qPCR are mostly used. PCR primers for amplification of target sequences of cestodes were provided
by Waeschenbach and Littlewood (2017) and Setyawan et al. (2019).

The methods with their advantages and disadvantages are summarised in Table 4. The molecular identification of iso-
lated parasites from fishery products has been significantly improved by the application of PCR and sequencing methods
targeting both nuclear and mitochondrial sequences in the parasites. These molecular approaches applied together with
the use of microscopic identification techniques should be regarded as the most reliable identification methods. By using
these techniques, it is now possible to obtain a high degree of specific identification of isolated parasites.

3.2.2 | Diagnostic methods that may be available in the near future

Diagnostic methods that are currently used in research but which may find greater application in the European Union
Reference Laboratory for Parasites (EURLP), National Reference Laboratories and the industry in the future are shown in
Tables 4, 5.

3.2.21 | Future methods to visualise and detect parasites

These are physical methods, designated as optical sensing technologies that rely on high-technology imaging (Table 4),
such as magnetic resonance imaging (MRI), hyperspectral imaging, ultrasound and X-ray imaging (Table 5). They are non-
destructive and have been tested under industry conditions, but have been mostly used for nematodes. MRI can be used
in live fish, detecting the accumulation within a tissue/body cavity and movements of A. simplex. It is specific to genus
level, but the image acquisition time is relatively long (13 min/fillet) (Bao et al., 2017). Hyperspectral imaging has a faster
processing time (1 s/fillet), and improvements in illumination have enabled a significant increase of the signal to noise ratio.
However, it requires more standardisation as the detection rate depends on storage time and sample handling (Sivertsen
etal,, 2011, 2012; Xu et al., 2023). Dual energy computed tomography (CT) detects nematodes deep in the muscle, but the
disadvantage is that it takes a relatively long time. Ultrasound has proven to be less applicable, as it produces noisy images,
with no contrast between the nematode and muscle (Heia et al., 2017). All of the listed techniques require equipment and
trained staff, and the specificity is at best to the genus level (Bao et al., 2017; Heia et al., 2017). Hyperspectral imaging for
example, detects 70.8% of the dark and 60.3% of pale nematodes (Sivertsen et al., 2012). Future development of equipment
and optimisation of the methodology may make these technologies more applicable for the industry.
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3.2.2.2 | OMICs for the detection and identification of parasites and their molecules

These methods include genomics, metagenomics, proteomics and transcriptomics (the methods with their advantages
and disadvantages are shown in Table 5). They are sensitive, reliable and robust but the interpretation of the results requires
reference databases. However, they are not routinely used for species identification, because they require investment in
equipment and well-trained staff for both data generation and analysis. There are publicly available data sets against which
particular targets can be annotated and referenced (e.g. GenBank from the National Center for Biotechnology Information
(NCBI), WormBase, European Nucleotide Archive (ENA)). OMICs methods are usually not validated across large number of
samples or species, but with optimisation, they can be applied to most parasites. Their advantage is that while they enable
parasite identification, they also facilitate identification of parasites' molecules, such as allergens, antigens or other bioac-
tive compounds. These will be useful for the future development of reliable diagnostic/identification tools.

Genomics: Genome data are not primarily used to identify the species as simpler and fast molecular tools have been
developed to achieve this (see above), but it provides a useful resource for the development of further molecular/genetic
markers (such as SNPs; ddRAdseq analysis) to be used for the identification and genetic characterisation of target zoonotic
parasites as well as for potential drug targets. The first available draft genome of A. simplex (s.1.) was published in 2006 (NCBI
BioProject PRINA16672), and subsequently updated in 2014 and 2018 (PRJEB6697 and PRJEB496, respectively). The genome
of A. pegreffii has been also recently sequenced (Mladineo, 2022) (PRJNA878701, registered in 2024).

Metagenomics: Although no metagenomic studies have been performed targeting the whole genome of a community
of zoonotic parasites in fish, a deep sequencing of an 185 rRNA gene locus has been developed for three groups of para-
sites. This approach capitalising on metabarcoding and CRISPR-Cas9 technology has been developed and validated to
detect helminths, protozoan and microsporidia parasites in a host gastro-intestinal tract (parasitome) (Goldberg &
Owens, 2024%°). The method has been standardised using a mock community test reagent and the interfering host signal
has been reduced using CRISPR-Cas9 digestion with host-specific guide RNAs. The patented method can be used for the
detection of multiple parasite taxa from fishery products in the future.

Transcriptomics: The RNA-sequencing has been mostly used to catalogue gene expression in zoonotic parasites in dif-
ferent conditions and from different parasite tissues and life stages, particularly to identify targets involved in the patho-
genicity of A. pegreffii and A. simplex (s. s.) (Baird et al., 2016; Cavallero et al., 2018, 2020, 2022; Llorens et al., 2018; Nam
et al., 2020; Palomba et al., 2019, 2022; Palomba, Cipriani, et al., 2020; Trumbi¢ et al., 2021). These data could be used for
parasite identification. De novo transcriptomics was performed in other anisakids of the genus Contracaecum, i.e. C. oscu-
latum sp. D (Palomba, Libro, et al., 2023). In cestodes, transcriptomics has been performed to date in plerocercoid and the
adult stage of Dibothriocephalus dendriticus (Sidorova et al., 2023).

Proteomics: Proteomic profiling of anisakids preceded the application of transcriptomics, capitalising on techniques
well advanced for use in human pathogens. The first profiling of A. simplex (s. s.) and A. pegreffii was done using the MALDI-
TOF/TOF MS approach (Arcos et al., 2014). This was followed by mapping of allergens in the Anisakis proteome using the
nano LC-ESI-MS/MS technique (Faeste et al., 2014), quantification of A. simplex proteins in food matrix by LC-MS/MS (Faeste
et al., 2016), fast monitoring of parasites in fish products using parallel reaction monitoring (PRM) MS (Carrera et al., 2016)
and quantification of proteomes of A. simplex s.s., A. pegreffii and their hybrids using iTRAQ labelling and subsequent nano
LC-ESI-MS/MS (Arcos et al., 2020). Shotgun sequence identification of L3 and L4 proteins based on isobaric mass labelling
(Tandem Mass Tag, TMT) (Stryinski et al., 2019, 2022) was then undertaken, followed by the construction of a spectral library
of Anisakis spp. using MALDI-TOF MS supported by LC-ESI-MS/MS (Marzano et al., 2020). Shotgun analysis, with LC-MS/
MS coupled to a nanoHPLC and bioinformatic analysis allowed to profiling protein content of extracellular vesicles (EVs)
of L3 A. pegreffii (Palomba, Rughetti, et al., 2023). Lastly, targeted proteomics was employed to identify shared allergens
between A. simplex and Ph. decipiens (Saelens et al., 2022). To date, MALDI-TOF MS is not routinely used to identify zoonotic
parasites infecting fish, because other methods are more user-friendly and there is a lack of comparative reference data for
all zoonotic parasites.

Phttps://www.warf.org/technologies/summary/P220194W001/

95UB017 SUOWWIOD 9A 181D 8qeat|dde auy Ag peusenof ae Sejoilie O ‘8sN Jo Sajni 1o} Akelqi 8uljuQ A8|IA\ UO (SUONIPUOD-PUe-SLLLB)/LI0D A8 1M Alelg 1 jeul|uo//Sdny) SUONIPUOD pue SWis | 8 89S *[1Z0z/70/62] Uo Akeiqieuliuo Ao|iM ‘uowiie |\ 8110 el | Aq 6T/8'%20Z s Ie" (/2062 0T/I0p/W0d" A8 1M Aelg 1 pul|uo es B//:Sdy Wo.j papeojumod ‘v ‘120z ‘2€L7TEST


https://www.ncbi.nlm.nih.gov/bioproject/16672
https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJEB6697
https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJEB496
https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA878701
https://www.warf.org/technologies/summary/P220194WO01/

36 of 86

PARASITES IN FISHERY PRODUCTS, PART 1

TABLE 4 Methods to visualise, isolate and identify larval parasites.

1. Methods to 1.1. Visual and optical
visualise and inspection including
isolate candling

1.2. Compression, including
UV-press method and
subsequent identification

1.3. Artificial digestion and
subsequent microscopical
evaluation

1.4. Optical sensing

Methods included
in EFSA BIOHAZ
Panel (2010)

Already available

Already available

Already available

Not available

Parasites

Nematodes

Nematodes, other
helminths

Nematodes and other
helminths (e.g.
trematodes, cestodes,
acanthocephalans)

Nematodes

Advances since 2010

None

The method has been
standardised for
nematodes within
Anisakidae (ISO
23036-1:2021)

The method has been
standardised for
nematodes within
Anisakidae (ISO 23036-
2:2021); use of liquid
pepsin for artificial
digestion

Development of orbital
digestion for detection of
Cryptocotyle

Magnetic resonance imaging
(MRI)

Hyperspectral (HS),
ultrasound (US), X-ray
imaging (dual energy ray
CT and planar X-ray)

Advantages

Non-destructive

Detection even in pre-frozen
fillets; quantifiable;
determination of spatial
distribution of Anisakidae
larvae in the fillets and visceral
organs

Relatively low-cost, for batch
sampling (surveys)

Preserves metacercaria
morphology up to 8days post-
mortem in fish fillets

Detection in live fish;
accumulation and movements
of A. simplex; genus-specific

Improvements in illumination
enabled a significant increase
of the signal to noise ration

Fast processing (1 fillet/s) with HS;

Dual energy ray CT detects
nematodes deep in the muscle

Disadvantages

Detection of only macroscopically
visible parasites; subjective
efficiency (level of operator's
experience); no quantitative
results; variability dependent
on fillet thickness, presence of
skin, oil content, pigmentation

Destructive; less reliable with very
low or very high numbers of
larvae

Enzymatic degradation of some
parasites from frozen samples;
better for live than frozen
parasitic larvae; less sensitive
compared to UV-press
method; time-consuming

Requires specific hardware, and
training; data acquisition is
slow (13 min/fish)

HS requires more standardisation
(detection rate depends on
storage time and sample
handling); US produces noisy
images, with no contrast
between the nematode and

muscle; long image acquisition

in dual energy ray CT detects;
low contrast in planar X-ray

Main reference(s)/links

Mercken et al. (2022)

Gomez-Morales
etal. (2018), Levsen
etal. (2018), ISO 23036-
1:2021 (ISO, 2021b)

Gomez-Morales
etal. (2018), Levsen
etal. (2018), ISO 23036-
2:2021 (ISO, 2021a)

Borges et al. (2015),
Mehrdana et al. (2015),
Duflot et al. (2021)

Bao etal. (2017)

Sivertsen et al. (2011, 2012),
Xu et al. (2023), Heia
etal. (2017)
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TABLE 4 (Continued)
2. Methods to 2.1. Microscopical evaluation
identify of morphological

and morphometric
parameters

2.2.Immunological methods

2.3. Molecular identification
by PCR

Methods included
in EFSA BIOHAZ
Panel (2010) Parasites Advances since 2010
Already available All parasites None
Not available Nematodes ELISA detection of Anisakis
allergens by polyclonal
IgG and IgE in fish
products (in house
validation, in Norway,
2015 for testing
of allergenicity in
aquaculture fish)
Chemiluminescent ELISAs: CL
sandwich ELISA (S-ELISA)
and CL competitive
(C-ELISA)
EURL-Parasites PCR/ Nematodes
RFLP ITS rDNA for Anisakidae

Anisakidae larvae
identification

EURL-Parasites Multiplex PCR
for Anisakidae larvae
identification. Based on
ITS rDNA gene

Multiplex gPCR of the mtDNA
cox2 gene

TagMan assay for A. simplex
ITS and mtDNA cox2 locus

Validation of PATHfinder
Anisakis/Phocanema DNA
detection assay with
TagMan (ITS locus)

Advantages

Inexpensive; detection to genus
level

Sensitivity usually high

LOD 0.5-5 ng/mL in highly
processed seafood (where
gPCR failed)

Sensitivity and specificity
high, without the need to
sequencing the locus

Detects, at species level, in both
singleplex and multiplex,
0.0006 ng/pL of DNA of A.
pegreffii, A. simplex (s. s.), Ph
decipiens (s. s.), Ph. krabbei,
Hysterothylcium aduncum.

Validated on parasites isolated

from fish and DNA of the

parasites in biopsy samples of

human cases of anisakiasis

Detects as little as 0.1 pg of A.
simplex (s.1.) DNA

Anisakis spp., Phocanema spp.

Disadvantages

Main reference(s)/links

Requires training; no identification  Skov et al. (2008, 2009)

to the species level; time
consuming

LOD (limit of detection) varies
by fish product; specificity
depends on the applied
antibody due to frequent
cross-reactions between
anisakid genera

Requires specific equipment and
training

Requires specific equipment and
training

It does not correctly identify
hybrid genotypes between
sibling species of anisakids

Requires specific equipment and
training

It requires specific probes. The
method has not been so far
performed on fish products
outside the framework of EU-
PAPASITE project

Requires specific probe. Lacks
specificity

It requires specific probe

Werner et al. (2011), Feeste,
Plassen, et al. (2015),
Faeste, Plassen,
etal. (2015)

Kochanowski et al. (2020)

EURL-Parasites https://
www.iss.it/documents/
5430402/5722370/
MI-04-rev.-3.pdf/67b30
531-6d79-9b10-87¢3-
4abae2a9764c?t=16203
81675883

https://www.iss.it/docum
ents/5430402/5722370/
MI-10-rev-1.pdf/7e614
838-7235-6271-9dbc-
e0cc68db9228?t=16203
81678759

Paoletti et al. (2018),
Mattiucci, Paoletti,
et al. (2017), Mattiucci
etal. (2018), Parasites
consortium (2016)

Lopez and Pardo (2010),
Mossali et al. (2010),
Herrero et al. (2011)

Cavallero et al. (2017)

(Continues)
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TABLE 4

(Continued)

Methods included
in EFSA BIOHAZ
Panel (2010)

Parasites Advances since 2010

SYBR Green gPCR assay for
the mtDNAcox2

Sequence analysis of the
nDNA gene EF1

Sequences analysis of the
mtDNA cox2

Sequence analysis and ARMS_
PCR-DNA assay of the
nuclear gene nas10

Microsatellite DNA loci (SSRs
DNA loci)

LAMP (Loop-Mediated
Isothermal Amplification)
assay: Anisakis

Recombinase polymerase
amplification (RPA)
SYBR Green | (RPA-SG):
Detection of A. simplex,
A. pegreffii, A. typica by
ITS locus

Advantages

Detects (LOD=0.30 ng) A. simplex
(s.1.) DNA per gram of food
matrix

Diagnostic SNPs allow the
identification of A. pegreffii
and A. simplex (s. s.)

Allows the identification of all
the anisakid species so far
recognised

Diagnostic SNPs allow the rapid
identification of the sibling
species of the A. simplex (s.

1) complex (i.e. A. pegreffii, A.
simplex (s.s.) and A. berlandi)
and hybrid genotypes in

a multilocus approach.
Validated on several hundreds
of specimens

Diagnostic alleles allow the
rapid identification of the
sibling species of the A.
simplex (s.1.) complex (i.e.,
A. pegreffii, A. simplex (s. s.)
and A. berlandi); validated
in hundred specimens of
the three Anisakis species
(Bello et al., 2020; Mattiucci
etal., 2019). Distinction of
hybrid specimens between
A.simplex (s. s.) and A.
pegreffii as well as between A.
pegreffii and A. berlandi. Allow
intraspecific differentiation
among populations of these
Anisakis spp.

Sensitivity better than gPCR
(detects 10° less of DNA
concentration); works at
65°C (lower compared to
conventional PCR); less time
than qPCR, usable in industry

Faster than qPCR, similar
sensitivity

Disadvantages

Lack of specificity in anisakids
detection. Not yet investigated
over large samples

Not yet investigated for other
anisakid species

It does not detect hybrids
between sibling species
of anisakids because itis a
mitochondrial gene

Not yet investigated for other
anisakid species

Not yet investigated for other
anisakid species

Itis not able to identify the
parasites to the species level

Not yet validated over a large
number of specimens

Main reference(s)/links
Godinez-Gonzales
etal. (2017)

Mattiucci et al. (2016)

Mattiucci et al. (2018)

Palomba, Paoletti,
etal. (2020)

Mladineo et al. (2017),
Mattiucci et al. (2019),
Bello et al. (2020, 2021)

Cammilleri et al., 2020

Chen et al. (2022)
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TABLE 4 (Continued)
Methods included
in EFSA BIOHAZ
Panel (2010) Parasites Advances since 2010 Advantages Disadvantages Main reference(s)/links
Trematodes Multiplex and nested PCRfor  Possibility to detect multiple Not yet validated over a large Caffara et al. (2020),
Opistorchiidae and detection of Centrocestus species isolated from fish number of specimens Jaruboonyakorn
Heterophyidae formosanus; European tissues etal. (2022)
Opisthorchiid and
Heterophyid in fish or fish
products, by using 18S,
rDNA ITS, mtDNA cox1
and mtDNA cytb
PCR RFLP of the 28S rDNA Genotyping of C. formosanus Not yet validated over a large Thaenkham et al. (2011)

EURL-Parasites ITS2 PCR
for Opisthorchiidae:
Opisthorchis felineus, O.
viverrini, C. sinensis

O. felineus PCR mtDNA cox1
locus

without the need to sequence
the 28S rDNA locus

Detects eggs of Opistorchiidae in
faecal samples of human and
animal origins

Species-specific validation
of 40 blind specimens, in
compliance to ISO 17025
certification

number of specimens

Not yet tested in infected seafood  https://www.iss.it/docum
samples ents/20126/9277401/
MI-08+%28rev+4%29.
pdf/68ea08e7-alc4-
7fa4-31e0-f1f630f784
ed?t=1708591329854

Not yet validated in infected Caffara et al. (2017)
seafood samples

Abbreviations: ARM, amplification-refractory mutation system; CT, computed tomography; EF, elongation factor; ELISA, enzyme-linked immunosorbent assay; EURL-Parasites (EURLP), European Reference Laboratory for Parasites; HS, hyperspectral;
ITS, internal transcribed spacers; LAMP, loop-mediated isothermal amplification; LOD, limit of detection; MRI, magnetic resonance imaging; mtDNA, mitochondrial DNA; PCR, polymerase chain reaction; qPCR, real-time (quantitative) PCR; rDNA,

ribosomal DNA; RFLP, restriction fragment length polymorphism; RPA, recombinase polymerase amplification; SSR, simple sequence repeats; US, ultrasound; UV-Press, ultraviolet press.
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https://www.iss.it/documents/20126/9277401/MI-08+%28rev+4%29.pdf/68ea08e7-a1c4-7fa4-31e0-f1f630f784ed?t=1708591329854
https://www.iss.it/documents/20126/9277401/MI-08+%28rev+4%29.pdf/68ea08e7-a1c4-7fa4-31e0-f1f630f784ed?t=1708591329854
https://www.iss.it/documents/20126/9277401/MI-08+%28rev+4%29.pdf/68ea08e7-a1c4-7fa4-31e0-f1f630f784ed?t=1708591329854
https://www.iss.it/documents/20126/9277401/MI-08+%28rev+4%29.pdf/68ea08e7-a1c4-7fa4-31e0-f1f630f784ed?t=1708591329854
https://www.iss.it/documents/20126/9277401/MI-08+%28rev+4%29.pdf/68ea08e7-a1c4-7fa4-31e0-f1f630f784ed?t=1708591329854
https://www.iss.it/documents/20126/9277401/MI-08+%28rev+4%29.pdf/68ea08e7-a1c4-7fa4-31e0-f1f630f784ed?t=1708591329854
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TABLE 5 OMICstechnologies.

Methods included

in EFSA BIOHAZ
Panel, 2010 Advances since 2010 Advantages Disadvantages Parasites Main reference(s)/links
1. Genomics Sanger sequencing Updated whole genome Better genome annotation Requires training for bioinformatic All parasites NCBI Bioprojects
of A. simplex, A. sequencing (WGS) of and completeness due to analyses; requires availability of PRINA16672 (registered
simplex (s.s.) A.simplex (s.1.) and assembly of short and long closely related reference genomes in 2006); PRJEB6697 (in
A. pegreffii reads for better annotation 2014); PRJEB496 (in 2018);
PRIJNA878701 (in 2024)
(Mladineo, 2022)
2. Metagenomics N/A Metabarcoding of 18S locus, Detects gastro-intestinal Requires training for bioinformatic Helminths, Goldberg and Owens (2024)

combined with CRISPR-
Cas9 technology to
deplete unspecific reads
(e.g. host, microbiota)

analyses protozoans and

microsporidia

parasitome: standardised
by mock community test;
patented

3. Proteomics

N/A

MS, CID (collision-induced

dissociation), LC-MS/MS
introduced after 2015 to

High sensitivity; potential to use

machine learning algorithms
to enhance the identification

Requires hardware, training

and further standardisation

Nematodes, other
helminths

Faeste et al. (2016), Sy
et al. (2022)

(i.e. validation by molecular
identification); challenging for
closely related species; uniform
protocol for sample preservation
and for protein extraction, creation
of a universal database for a wide
range of parasites

detected Anisakis allergens
in fishery products
(research purposes only)

process (in particular when
biosample contains both the
host and parasite)

Tandem Mass Tag (TMT)-based  Identification of specific Same as above Stryinski et al. (2019)
quantitative proteomics proteome signature of L3

versus L4 of A. simplex

MALDI-TOF MS: profiling Same as above Marzano et al. (2020)
of Anisakis proteome to

construct the first library

LC-ESI-MS/MS: quantitative
proteomics with iTRAQ
labelling, shotgun
proteomics approach to
evaluate protein species
obtained from the above
liquid chromatography-
mass spectrometry (LC-MS/
MS) using LTQ XL™ Orbitrap
XL coupled to a nanoHPLC
system

High sensitivity

Arcos et al. (2020), Palomba,
Rughetti, et al. (2023)

Useful for the proteomic
profiling of: (1) A. simplex, A.
pegreffii and their hybrids, (2)
microvesicles released by A.
pegreffii L3 in vitro cultured

Same as above; testing in natural
infections in fish hosts
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TABLE 5 (Continued)
Methods included
in EFSA BIOHAZ
Panel, 2010 Advances since 2010 Advantages Disadvantages Parasites Main reference(s)/links
4. Transcriptomics N/A RNA-Sequencing (RNAseq) Infers parasites' molecular Requires training for bioinformatic All parasites Baird et al. (2016), Llorens

of anisakids (A. pegreffii,

A. simplex, A. simplex X A.

pegreffii hybrids,
C. osculatum),
D. dendriticus.

identity and functional
signature

analyses; availability of closely
related references genomes

et al. (2018), Cavallero

et al. (2018, 2020), Nam
etal. (2020), Trumbi¢

et al. (2021), Palomba

etal. (2019, 2022);
Palomba, Cipriani,

et al. (2020); Palomba,
Libro, et al. (2023), Sidorova
etal. (2023)

Abbreviations: CID, collision-induced dissociation; CRISPR-Cas9, clustered regularly interspaced palindromic repeats -Cas9 technology; LC-ESI-MS, liquid chromatography-electrospray ionisation-mass spectrometry; LC-MS, liquid chromatography-
mass spectrometry; MALDI-TOF MS, matrix assisted laser desorption ionisation-time of flight mass spectrometry; MS, mass spectrometry; NA, non available; NCBI, National Center for Biotechnology Information; NGS, next generation sequencing; TMT,

tandem mass tag.
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3.2.2.3 | Outlook on future developments in visualisation, isolation and identification methods for zoonotic parasites
in fishery products

Advances in high-throughput sequencing methods, combined with the computational biology and bioinformatics, have
allowed new discoveries in both basic and applied research of anisakid parasites, mainly in the two zoonotic parasites A.
simplex (s. s.) and A. pegreffii. This resulted in the discovery of parasites' gene transcripts and proteins attributed to the par-
ticular parasitic developmental stage, as well as host’ markers involved in the interaction with natural and accidental hosts
(Buseli¢ et al., 2018; Nam et al., 2020; Palomba, Cipriani, et al., 2020; Palomba, Rughetti, et al., 2023; Trumbic et al., 2021).
Research is required to obtain new insights into the host-parasite interaction, in particular the characterisation of mol-
ecules that have a differential immunogenic and pathogenic role in accidental human infection, such as antigens and al-
lergens, to support the future development of reliable diagnostic tools.

Artificial intelligence (Al) and machine learning methods (e.g. deep learning) have been successfully used in various
fields of parasitology including parasitic disease diagnostics as well as parasite and vector species identification (Dantas-
Torres, 2023). Al-based algorithms in image or video processing are useful tools for parasite species identification and infec-
tion level assessment in parasitic disease examinations (Li et al., 2023; Wasikowska et al., 2018; Wasikowska & Linowska, 2021).

3.23 | Concluding remarks for ToR2 AQ2

AQ2. What testing methods are currently available and may be available in the near future to test the fish species for the
parasites identified in the answer to ToR1?

« The methods that were described in the previous EFSA BIOHAZ opinion (2010) are still in use for the detection of zoo-
notic parasites in fishery products, and include visual inspection including candling, artificial digestion and the UV-press
method. The UV-press and artificial digestion methods have been standardised by the ISO (ISO 23036-1:2021 and I1SO
23036-2:2021 standards, respectively).

« Since the last EFSA opinion (EFSA BIOHAZ Panel, 2010), new technologies and methodologies have been developed for
the detection, visualisation and isolation of zoonotic parasites in fish products and for the specific identification of the
isolated parasites.

« New UV-scanning devices have been developed and are in use for the detection of Anisakis in fishery products. However,
to date these scanning techniques have not been fully validated for all types of zoonotic parasites in fishery products.
Novel optical (hyperspectral) sensing methodologies have also been developed and these have found limited applica-
tion for testing fish under commercial conditions. Future development of equipment and methodology may make these
technologies more widely applicable.

» The molecular identification of isolated parasites from fishery products has been significantly improved by the applica-
tion of PCR-amplification and sequencing methods targeting both nuclear and mitochondrial gene loci in the parasites.
These genetic/molecular approaches (applied together with the use of microscopic identification techniques) are cur-
rently regarded as the most reliable identification method.

« OMICs (genomics, metagenomics, transcriptomics and proteomics) generated data are a useful resource for the selec-
tion of further molecular/genetic markers to be used for the identification and characterisation of zoonotic parasites.

« The application of artificial intelligence and machine learning algorithms in image and video processing are also being
tested for the high throughput detection and identification of parasites in fish.

3.3 | ToR3:Technical developments and new scientific data available in relation to
killing and/or removal of viable parasites of public health importance in fishery products, in
particular treatments other than freezing

AQ3. What technical developments and new scientific data for inactivation and/or removal of viable parasites (identified
in the answer to ToR1) in fishery products, in particular treatments other than freezing, have been described since the EFSA
BIOHAZ 2010 scientific opinion?

The EFSA BIOHAZ Panel (2010) discussed several physical and chemical treatments for inactivating parasites in fishery
products. Since then, more data have been gathered in relation to those treatments already covered in that opinion (see
Section 3.3.1) and some new technologies and traditional preservation methods have been used to explore the possibility
of adopting alternatives to freezing. The end point used in most inactivation studies is the loss of larvae viability (which,
for anisakids, was defined by EFSA as the ability of individual larvae to survive various chemical and physical treatments
or processing procedures). New procedures to assess larval inactivation, including the use of devices with the potential of
high throughput screening, have been explored. Moreover, methods for removing parasites from the fish have also been
investigated.

Since 2010, treatments for inactivation of parasites have been studied for nematodes of the family Anisakidae (mostly
for Anisakis spp.), but less for other nematodes, cestodes and trematodes.
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These have been covered in several reviews (e.g. Della Morte et al., 2023; Franssen et al., 2019; Fu et al., 2023; Kuchta
et al., 2015; Liu et al., 2022; Martinez et al., 2023; Pozio et al., 2013; Tavares-Dias, 2018; Valero et al., 2015).

In this section, a summary of the EFSA BIOHAZ Panel (2010) scientific opinion is firstly presented (Section 3.3.1). The
current state of the art in terms of the methodology and approaches for assessing parasite inactivation is subsequently
described (Section 3.3.2). Thereafter, new data, gathered since the previous opinion on the application of physical treat-
ments (other than freezing) (Section 3.3.3), chemical treatments (Section 3.3.4) and general considerations for physical and
chemical treatments (Section 3.3.5) are presented and finally, strategies for physical or chemical removal of parasites from
fishery products are described (Section 3.3.6).

3.31 | Summary of methods for the killing of viable parasites of public health importance in fishery
products as discussed in the EFSA BIOHAZ Panel (2010) scientific opinion

A summary of the methods for killing viable parasites of public health importance in fishery products as discussed in the
EFSA 2010 scientific opinion is presented below (EFSA BIOHAZ Panel, 2010).

Freezing is effective in killing parasites in fish. The lower the freezing temperature and the longer the storage time at this
temperature, the lower the probability of survival of parasites. For example, at —10°C anisakids can survive for days, but at
—35°C, the survival period is reduced to a few hours. Other factors reported to affect the mortality of anisakids is the time
to reach the final freezing temperature and the fat content of the fish. For cestode larvae, Diphyllobothrium plerocercoid
is inactivated in a household freezer when the fish is frozen for at least 1 day at —18°C. Clonorchis and Opisthorchis meta-
cercariae are inactivated when fish is kept at —10°C for 5 days. Depending on the freezing conditions, it may take days for
all parts of the fish to reach a lethal temperature and it is important to stress that the target temperature must be reached
at the core of the sample (i.e., warmest location) and that one- and two-star domestic freezers (i.e. operating at —6°C
and —12°C, respectively) are not suitable for freezing fish in order to kill nematode parasites.

Reaching >60°C (core temperature) for 1 min was considered the minimum heat treatment required to kill all anisakids
larvae in fishery products by conventional heating. The time to reach this core temperature is affected by the product
thickness and composition. For microwave heating, it was reported that the fillet should reach at least 74°C for at least
15 s. Heating above 56°C inactivated Diphyllobothrium plerocercoids, and for inactivation of free O. viverrini metacercariae,
time—temperature combinations of 5 h at 50°C and 30 min at 70°C were found to be sufficient. Based on these data, the
EFSA BIOHAZ Panel (2010) concluded that for A. simplex larvae, equivalent lethal effects to —20°C for 24 h in all parts of the
product could be attained at time-temperatures of —15°C for at least 96 h or—35°C for at least 15 h, or heating at >60°C
for at least 1 min in the thermal centre of the fish product. However, the report stressed that these treatments may not
inactivate allergens.

High-pressure processing (HPP)*® can kill A. simplex larvae, but for some applications, the long treatment times required
to kill all larvae, e.g. 200 MPa for 10 min or 140 MPa for 60 min, were considered impractical for the food industry (EFSA
BIOHAZ Panel, 2010). In some fish species, effective combinations for killing A. simplex larvae (i.e. 414 MPa for 30-60 s; 276
MPa for 90-180 s; and 207 MPa for 180 s) caused changes in the muscle colour and appearance which may limit the appli-
cation of this technology. Nevertheless, it was suggested that 300 MPa for 5 min could be effective in the treatment of
mackerel and other fatty fish species.

No information was found for the effect of drying. Regarding irradiation, A. simplex is highly resistant to the doses that
were acceptable for fishery products (i.e. doses up to 3 kGy), whereas for metacercariae of O. viverrini and C. sinensis, low-
dose irradiation of freshwater fish was sufficient to inactivate them or prevent infectivity (EFSA BIOHAZ Panel, 2010). It
had been claimed that low voltage current inactivates A. simplex larvae in fish but scientific studies to validate this were
not available. A. simplex are not able to survive hot smoking since products are exposed to temperatures well above 60°C
for 3-8 h. However, cold smoking, in which temperatures are kept below 38°C for a few hours up to several days, was not
sufficient to inactivate A. simplex larvae (EFSA BIOHAZ Panel, 2010).

Salting can, to some extent, inactivate anisakids providing that the salt concentration in brines reaches up to 8%-9%
for at least 6 weeks, whereas for dry salting, 20 days are sufficient to kill the larvae in herring. Salting at 13.5% NaCl for 24 h
inactivates Opisthorchis metacercariae in fish. Marinating conditions of some traditional products are not sufficient to kill A.
simplex larvae, and depending on the salt concentrations, they can survive from 35 to 119 days. EFSA BIOHAZ Panel (2010)
concluded that the risk posed by A. simplex could be reduced with vinegar and salt, but in some marinated products, these
ingredients failed to reduce the parasites in a sufficiently short time, and it is therefore necessary to freeze the products
prior to marinating. The EFSA BIOHAZ Panel (2010) also reported other chemical procedures effective in killing Anisakis,
these included the use of shogaol and gingerol extracted from Zingiber officinale, components of Perilla leaves or mono-
terpenic derivatives from essential oils, with alpha-pinene being the most active. The BIOHAZ Panel suggested that, since
the efficacy of chemical treatments depended on factors such as size, fat content and active ingredients, the procedures
would have to be optimised for each culinary preparation, if not combined with freezing.

The conclusions of the EFSA BIOHAZ Panel (2010) opinion were considered for modifying part D of Annex lIl, Section VIII,
Chapter Il to Regulation (EC) No 853/2004 (Commission Regulation (EU) No 1276/2011) as stated in Section 1.1.

*Also referred as high-hydrostatic pressure processing (HHP) or ultra-high-pressure processing (UHP).
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3.3.2 | Methods and approaches to evaluate parasite inactivation

To assess the efficacy of a specific treatment of fishery products, it is crucial to determine the post-treatment inactivation
of the infective parasites. Inactivated larvae are considered to have lost their capacity to attach onto the gastric or intestinal
mucosa, and to penetrate into the submucosa causing phlegmon-abscess and granuloma in the accidental host (Romero
etal., 2013). The different methods to evaluate the inactivation after treatment are summarised below and shown in Table 6.

3.3.21 | Bioassays

Bioassays are considered as the gold standard (Franssen et al., 2019) and experimental laboratory animals have been used
to study the pathological reactions related to Anisakis, Phocanema and C. osculatum infections. Recent examples include
studies of Anisakis larvae (Morsy et al., 2017; Romero et al., 2013; Zuloaga et al., 2013) or third-stage C. osculatum larvae
(Strem et al., 2015). Bioassays have also been used for the study of C. sinensis metacercariae and Dibothriocephalus spp.
(syn. Diphyllobothrium) plerocercoid larvae (Franssen et al., 2019) and O. viverrini metacercariae (Onsurathum et al., 2016).
However, to reduce the use of experimental animals, in vitro assays have been adopted to replace the in vivo methods
(Franssen et al., 2019). Indicators of behaviour, physiology, metabolism or physical damage of the parasite can be good
alternatives for assessing inactivation.

3.3.2.2 | Lossof larval mobility - Visual determination

The survival of anisakid larvae to different treatments is usually measured by their viability. A viable larvae is physically
intact and motile measured by its ability to move spontaneously or after stimulation with tweezers and a needle (EFSA
BIOHAZ Panel, 2010). This has been assessed under natural or UV light (Vidacek et al., 2011), at 37°C or at room tempera-
ture (Lopienska-Biernat et al., 2020; Sanchez-Alonso et al., 2020), immediately or 24 or 48 h after a treatment (Onitsuka
et al., 2022; Sdnchez-Alonso et al., 2020). Some authors specify the number of assessments (i.e. times showing no move-
ment after stimulation) for a larva to be considered as dead (Lee et al., 2016), or use a video camera to record movements for
a subsequent visual observation (Vidacek et al., 2011), while others have adopted viability scores (e.g. Trabelsi et al., 2019).
With the exception of a few examples, where motility has been monitored directly, i.e. by candling (Pascual et al., 2010), the
assays are usually performed on isolated larvae, either after manual extraction from the tissues, or by means of the artificial
digestion method (Section 3.2.1.1). The latter may underestimate the number of mobile larvae and this limitation needs to
be taken into account when designing inactivation protocols (Sdnchez-Alonso, Rodriguez, Tejada, et al., 2021).

3.3.2.3 | Loss of larval mobility - Instrumental methods

Slow movements exerted by the larvae may not be detected by the observers (Kroeger et al., 2018) and visual inspection can
be tiring and time consuming, since larva may remain motionless for long periods (Guan, Usieto, Cobacho Arcos, et al., 2023).

One technological solution that may be used instead of visual observations was developed for anisakid nematodes by
Kroeger et al. (2018). Using near-infrared imaging, the device measures elastic curvature energies and geometric shape
parameters determined from contours, and these are used as a measure of viability. Authors reported that the device dif-
ferentiated individual living and dead larvae isolated from marinated, deep-frozen and salted products.

The need for the discovery of anthelminthic drugs for treating several parasitic infections has led to the development
of medium- to high-throughput phenotypic screening platforms which can assess not only worm motility but also a series
of physiological, metabolic and morphological indicators (for review, see e.g. Herath et al., 2022). In particular, a ‘worm
tracking’ commercial system which measures the interference of an infrared light beam by worm movement has been de-
veloped (Simonetta & Golombek, 2007), adapted for faster data acquisition (Taki et al., 2021) and applied to study Anisakis
larvae (Ogata and Tagishi, 2021; Guan, Usieto, Cobacho Arcos, et al., 2023). Although these methods need to be tested
on a larger number of samples including different anisakids or zoonotic parasites species, they may be used for high-
throughput screening in the future.

3.3.24 | Loss of larval function other than mobility

The agar penetration test can be applied to substitute in vivo assays as there are good correlation of this in vitro method with
bioassays (Ruitenberg, 1970). A similar observation was made in a study examining the differences in the penetrative ability
of two Anisakis species (Arizono et al.,, 2012; Suzuki et al., 2010), which were independently corroborated with in vivo stud-
ies (Romero et al., 2013). Over the years, some modifications of the method have been adopted (Arizono et al., 2012; Lopez
et al,, 2019; Sdnchez-Alonso et al., 2018; Suzuki et al., 2010). Other authors measured mobility, as the total distance that the
larva migrated inside the agar medium, and motility, as the in situ movements of the larvae into the agar (Guan et al., 2021). In
addition, indicators such as the mortality of the larvae upon incubation in an artificial gastric fluid (Arizono et al., 2012; Sanchez-
Alonso, Carballeda-Sangiao, Rodriguez, et al., 2021), respiratory analysis of intact larvae (Sanchez-Alonso et al., 2019), the use of
dyes, the determination of physiological stress indicators, morphological features and integrity by microscopic examination
(Franssen et al., 2019) could all be adopted as complementary measurements, but this would require research on their relation-
ship with parasite infectivity.
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TABLE 6 Methods for evaluating parasite inactivation.

Inactivation method

Bioassay

Viability - visual inspection

Separation of larvae & Viability -
visual inspection

Visual inspection — UV light

Viability instrumental device

Target parasites®

Clonorchis sinensis metacercariae

Opisthorchis viverrini metacercariae

Dibothriocephalus spp. plerocercoid
larvae

Anisakis

Anisakis
Contracaecum osculatum

Anisakis
Opisthorchis viverrini metacercariae
Anisakis
Anisakis
Anisakis
Anisakis

Anisakis

Anisakis

Anisakis

Anisakis

Anisakis

Anisakis

Characteristics/comments

Rats; rabbits; Guinea pigs; albino mice

Hamsters; rabbits; cats

Golden hamster

Rats

Sprague-Dawley rats
Pigs

Wistar rats

Male golden Syrian hamsters

Measurements of spontaneous and stimulated movements: immediately, and after
incubation with 0.85% NaCl for 10 min at 37°C and after 4 h and 24 h at room
temperature

Immediately, after incubation in a thermoblock at 37°C for 15 min

Measurements of spontaneous and stimulated movements: stored after treatment at 37°C
for 10 min for recovery. Those showing no movement, gently touched ~5 times

For those showing no spontaneous movement, 3-min videos were recorded immediately
after treatment and at intervals during a 2-h period

Measurements of spontaneous and stimulated movements: Viability scores: 3 — mobile;
2 - reduction of mobility; 1 — mobility only after stimulation, and 0 - death

Observations at 24- and 48-h post-treatment

Candling table under stereomicroscope: displacement from the inoculation point (in/out of
the fillet, coiled/stretched, motility)

Artificial digestion to extract larvae from tissues and measurement of spontaneous and
stimulated movements. The number of total and viable larvae may be underestimated if
performed after treatments such as freezing

Fluorescence under ultraviolet light source (366 nm) held 15 cm above the larvae. Emission
of fluorescence was recorded immediately and at 1 and 2 h after each treatment. The
intensity of the fluorescence rated in arbitrary units as maximum, medium, slight or no
fluorescence. Not always inactivated larvae emit fluorescence

Instrumental device to measure viability: by near-infrared imaging, elastic curvature
energies and geometric shape parameters are determined

References (examples)

Franssen et al. (2019) and
references therein

Franssen et al. (2019) and
references therein

Franssen et al. (2019) and
references therein

Franssen et al. (2019) and
references therein

Zuloaga et al. (2013)
Strem et al. (2015)

Romero et al. (2013), Morsy
etal. (2017)

Onsurathum et al. (2016)
Sanchez-Alonso et al. (2020)

topienska-Biernat et al. (2020)

Lee et al. (2016)

Vidacek et al. (2011)

Trabelsi et al. (2019)

Onitsuka et al. (2022)
Pascual et al. (2010)

Sénchez-Alonso, Rodriguez,
Tejada, et al. (2021)

Vidacek et al. (2011)

Kroeger et al. (2018)

(Continues)
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TABLE 6 (Continued)

Inactivation method

Agar penetration test

Agar test — mobility and motility

Resistance to incubation in artificial
gastric juice

Respiration analysis

Other methods

Target parasites®

Parasites

Caenorhabditis elegans, applicable to
other species

H. contortus, applicable to other species

Anisakis

Anisakis

Anisakis

Anisakis

Anisakis

Anisakis

Anisakis
Phocanema

Anisakis
Phocanema

Anisakis

Anisakis

Anisakis

Characteristics/comments

Whole organism phenotypic analysis with devices with medium- to high-throughput
screening potential

Device medium- to high-throughput screening potential: Infrared Light Locomotion
Tracking (ILT) system

Device medium- to high-throughput screening potential: ILT system; conditions adapted to
shorten the time required for data acquisition fromi.e. 3 h to 15 min

Instrumental device to measure mobility: ILT system, measurements for up to 100 min

Instrumental device to measure mobility: ILT system; conditions adapted to measure
recovery (measurements for up to 46 h)

Migration into agar counted after incubation: 0.5%-1.5% agar, roughened surface,
herring blood on top of the agar, incubation at 37°C for up to 3 days. Correlation with
penetration capacity in bioassays

Migration into agar at different concentrations, counted after incubation: Agar at 0.5%,
0.75% and 1.0% with 0.4% NaCl. 10 mL of each of solutions poured into 20 mL screw-cap
glass bottles. Larvae placed on the surface and the penetration rates measured after 1 h

Migration into agar counted after incubation: L3 immersed in 10 mL of artificial gastric
fluid (pH 1.8), placed on top of a solid agar (3 cm depth, 0.75% agar and 0.9% NaCl),
incubated at 37°C, 5% CO,. Migration counted after 24 h

Migration into agar counted after incubation: 4 mL of agar solution (1% agar in RPMI-1640
medium, with 20% fetal bovine serum), 100 pL of supernatant, RPMI-1640 (RPMI-1640,
20% FBS, 1% commercial pepsin, pH 4.0), was placed into each well. Incubation at 37°C
in 5% CO, and migration counted after 1, 12 and 24 h of incubation

Measurement of larval motility (i.e. in situ movement of a larva): video recording for up
to 30 min. Larvae figuratively divided into three parts; scores (0-3) to monitor body
motility in 1 min in sections of larvae

Measurement of larval mobility (i.e. the total distance that a larva migrated within the
medium): Video recording for up to 30 min. Migration distance measured

Mortality of larvae in artificial gastric fluid: mortality of larvae measured upon incubation
in 20 mL of artificial gastric fluid (0.1% pepsin, 0.1% porcine stomach mucin, 0.12% NaCl,
0.02% KCl, pH 1.8) at 37°C 5% CO,. The medium was exchanged every 24 h

Oxygen consumption rates in whole specimens with a single chamber Clark
electrode: basal (in M9 buffer), maximum (M9 buffer with FCCP-(carbonyl cyanide
4-trifluoromethoxy) phenylhydrazone addition) and residual (with sodium azide)
respiration capacities measured

Stress protein levels; dyes (e.g. methylene blue)

References (examples)

Herath et al. (2022) and references
therein

Simonetta and Golombek (2007)
Taki et al. (2021)
Ogata and Tagishi (2021)

Guan, Usieto, Cobacho Arcos,
etal. (2023)

Ruitenberg (1970)

Suzuki et al. (2010)

Arizono et al. (2012), Sanchez-
Alonso et al. (2018)

Lopez et al. (2019)

Guan et al. (2021)

Guan et al. (2021)

Arizono et al. (2012), Sanchez-
Alonso, Carballeda-Sangiao,
Rodriguez, et al. (2021)

Sanchez-Alonso et al. (2019)

Franssen et al. (2019) and
references therein

Abbreviations: FCCP, carbonyl cyanide 4-trifluoromethoxy; ILT, infrared light locomotion; KCl, Potassium chloride; RPMI-1640, cell culture medium, i.e. Roswell Park Memorial Institute medium; UV, ultraviolet.

?For Phocanema and Dibothriocephalus nomenclature, see Section 1.3.2.1.
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At present, the relationship between the survival of the larvae, after a given treatment, and their infection capacity in
humans remains unclear (EFSA BIOHAZ Panel, 2010), and as stated in the previous opinion, a precautionary principle is
adopted (i.e. all larvae should be dead) which gives a higher margin of safety. However, the new approaches for the mea-
surement of parasite inactivation discussed in this section could lead to the development and application of new indicators
of treatment efficacy. High-throughput methods that assess mobility (or the loss thereof), e.g. will enable operators to
rapidly test high numbers of parasites thus facilitating research and the development of monitoring activities that could
be applied in industry.

New studies on the factors affecting human host tissues penetration (in the case of infective A. pegreffii L3 in the gastro-
intestinal tract) will be an important step in understanding the pathogenesis of the disease (Palomba, Rughetti, et al., 2023)
and may also provide the scientific basis for new strategies against anisakiasis, including the development of new indica-
tors, e.g. by advanced molecular approaches.

3.3.2.5 | Experimental approaches for evaluating parasite inactivation

Table 7 lists the reported physical and chemical treatments for parasite inactivation since the 2010 EFSA BIOHAZ opinion.
The application of such treatments has been mostly performed in isolated larvae, in homogenates, in spiked muscle and in
products with natural parasitation. Most of the studies were performed under laboratory conditions, with a relatively low
to medium total larval sample size (typically from 5 to 35 larvae per assayed condition per experiment). To establish the
conditions for complete lethality for a given technology or process with high confidence, inactivation studies with a high
number of larvae (in the order of thousands) would be required. Another important consideration is the extrapolation of
the results from relatively simple systems to real products (i.e. going from isolated larvae, to spiked products to real foods
with naturally parasitised matrices).

3.3.3 | Physical treatments
3.3.31 | Conventional heating

Heating of fish is usually the last step where fish parasites can be inactivated before fish consumption. The ways of cooking
have been classified into moist heat methods (i.e. boiling, poaching, steaming), dry heat methods (baking, grilling, frying,
roasting, broiling) or a mixture of both (e.g. braising and stewing) (Sampels, 2015) resulting in a wide array of time and
temperature combinations. Since 2010, the effect of heating has been revisited using model systems with isolated larvae
as well as spiked fish but mostly for Anisakis larvae.

Vidacek et al. (2010) heated Anisakis L3, immersed in 10 mL of distilled water (5 larvae in 10 mL, five replicated measure-
ments/condition), in a water bath and observed spontaneous movements in all larvae after exposure for 1 min at 60°C. The
time to reach 60°C was ~ 3 min. They reported that more than 10 min at 60°C was needed to ensure the death of all larvae
in both batches tested. At 70°C, larvae were inactivated within 1 min.

In another work on Anisakis, 12 L3 larvae were placed onto pieces of hake fillets covered with the matching portion of
the other fillet from the same individual and wrapped, thus making a ‘sandwich’ (Vidacek et al., 2011). Each sandwich was
vacuum sealed and stored for 20 h to allow the larvae to migrate into the fish flesh, and then heated in a water bath at
93°C. In these conditions, complete inactivation of larvae was obtained after 5 min and 3 min holding time once hake sand-
wiches reached 60°C and 70°C, respectively, in the core of the piece. The time to reach these temperatures in the thermal
centre was 6.5 and 11 min, respectively. Sdnchez-Alonso, Carballeda-Sangiao, Gonzalez-Mufoz, et al. (2021) used different
heating regimes in hake sandwiches (i.e. (i) water bath set at 92°C up to achieve target temperatures of 50, 60 and 70°C and
then cooled in ice water, (ii) oven set at 200°C until 50°C was reached in the core and cooled in ice water, (iii) oven set at
200°C and removal of sandwiches at 7, 10, 15 or 20 min and cooled at ambient temperature and (iv) water bath set at 60°C
or 70°C, and once 58 and 68°C were reached, samples were cooled in ice water immediately or after 2.5 and 5 min). They
reported that reaching 60°C for 1 min at the core of hake sandwiches spiked with either 15 or 35 Anisakis L3 (A. simplex, s. s)
was not sufficient to kill all the larvae. However, none of the larvae that had been exposed to heating at >60°C, for at least
1 min in the thermal centre, were able to penetrate into agar, which suggests a low infective potential of these surviving
larvae. If other parameters such as the time to reach the target temperature were considered, they reported that, provided
a minimum cooking time was achieved (e.g. 14 min in the studied conditions) lower temperatures at the thermal centre
(i.e. 55°C) were sufficient to kill all of the parasites. This is an important finding as many traditional cooking methods do not
achieve a core temperature of 60°C (e.g. Huss, 1994).

Cryptocotyle lingua metacercariae were exposed to heating in artificially infected cod sandwiches and in naturally par-
asitised cod. They were inactivated in less than 15 min at 70°C, 80°C and 90°C and less than 10 min at 100°C, in 30 min at
60°C, but 2 h was needed when incubated at 50°C (Borges et al., 2015).

The thermal susceptibility of parasites is affected by the experimental conditions and methods used (matrix, larvae
either isolated in incubation solutions or included in fish fillets naturally or artificially inoculated; heating profile obtained
from direct/indirect hot water bath immersion or heating in an oven, frying, e.g.) (Guan, Usieto, Sdnchez-Alonso, et al., 2023)
as well as larval species and implicit factors (age, size, etc.), all of which can significantly affect the results and at least in part,
explain the discrepancies found in the literature (Table 7). In addition, when the treatments are performed in large liquid
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volumes or in infected fish, thermal gradients and the variable distribution of the parasites within the fish matrix introduce
a confounding effect, making it difficult to characterise the thermal resistance of the parasites.

Quantification of the thermal effects in model systems

Quantitative characterisation of the thermal resistance of parasites, carried out through heat treatments in well controlled
(quasi-)isothermal conditions, is the first step in establishing the time—-temperature combinations required to kill Anisakis
that could be applicable in current cooking practices.

Giarratana et al. (2012) immersed Anisakis type | in glass test tubes containing prewarmed physiological saline solution
maintained in a water bath at 45°C, 47°C, 48°C and 50°C (total n=400 larvae). Lethal times (defined as the time required
to inactivate the totality of larvae (n) exposed to a given temperature) varied from about 5 min at 50°C, 40 min at 47°C, to
80-90 min at 45°C. Guan, Usieto, Sdnchez-Alonso, et al. (2023) individually immersed more than 10,000 viable A. simplex
(s.s.) L3 of 0.145 M NaCl (in 96-well microplates one larvae per 30 uL, 96 larvae/microplate) and heated them at tempera-
tures ranging from 44°C to 61°C in a thermal cycler under quasi-isothermal conditions. At each temperature, the survival
ratios (i.e. the number of surviving larvae after an exposure time to a lethal temperature divided by the initial number of
larvae) were calculated at different exposure times until the death of all the larvae was achieved. Those time/temperature
(t/T) conditions that killed all larvae (i.e. no survivors) were additionally replicated to get n=288 larvae per condition so that
at these lethal times and temperatures, at least 99.65% of the Anisakis population will be dead (=LT,, ). There was a neg-
ative exponential relation between the treatment temperature (46-61°C range) and the minimum exposure time required
to achieve no survivors in the A. simplex (s. s.) sample used. For example, slightly more than 2 h and only 1 s were needed
to kill all the larvae treated at 46°C and 61°C, respectively (Table 7).

Modelling survival curves: Predictive modelling is an alternative approach to quantitatively characterise the thermal re-
sistance of biological hazards as a function of time and/or temperature, enabling an estimation of the lethal time with high
probabilities. Guan, Usieto, Sanchez-Alonso, et al. (2023) found that survival ratios during heat treatments described above,
at a given temperature showed a sigmoidal shape with exposure time, with an initial shoulder for the shorter treatments
at each temperature and a final tail for the longer heating times. Different primary models were used to characterise the
survival curves of Anisakis L3 at each fixed temperature, with the Weibull model best fitting the observed data (Table 7),
enabling an estimation of the 6, values (i.e. the exposure time required at a certain temperature for a first decimal re-
duction of the survival ratio). The obtained &; values were used to build a secondary model describing their temperature
dependence. Among the models tested, the empirical quadratic polynomial relationship of the temperature with log,, 6
provided the best fitting. Validation experiments performed at temperatures different to those used to create the model
corroborated its predictive capacity (Guan, Usieto, Sdnchez-Alonso, et al., 2023).

For the quantification of the efficacy of thermal treatments (e.g. in other parasites, fish matrices, etc.), the number of treated
larvae to obtain results with sufficient statistical power needs to be high. Considering the high abundance and intensity of
Anisakis infection present in fishery products, lethal time estimations with high confidence would require the assessment
of thousands of larvae for a given t/T combination, and this is also the case for building predictive models. Achieving these
high numbers is difficult using the current visual inspection method, and high-throughput screening techniques that help to
analyse the viability of a large number of larvae in a short time would be required (Guan, Usieto, Sanchez-Alonso, et al., 2023).

On the other hand, the study of the characteristics of the surviving larvae after a thermal treatment could help in the
assessment of the associated risks, i.e. if still viable their infectivity should be assessed. This would allow for a more realistic
assessment of the effect of a given treatment on the risk of human infection. Guan et al. (2022) monitored the progressive
loss of larvae function after isothermal treatments at 50°C and different exposure times, under quasi-isothermal condi-
tions, since these temperature-time combinations may actually occur in undercooked fish and lead to a wide range of
survival ratios (0-1). Larvae that survived heat treatments were collected and agar penetrative capacity, lifespan in artificial
gastric fluid, respiratory capacity and locomotor activity were monitored. Interestingly, agar penetrative ability was signifi-
cantly reduced in larvae that had survived a thermal treatment at 50°C for > 60 s, conditions which still rendered survival
ratios of 1, while heat expositions for 90 s with survival ratios =0.98 also reduced the resistance to simulated gastric fluid
and the respiration capacity, suggesting a low infectivity of these larvae.

Since the experimental conditions used in model systems substantially differed from those occurring during the cook-
ing of fish, future efforts should focus on predicting larvae viability at non-isothermal conditions such as those that occur
during fish cooking (i.e. also considering the heating up and cooling down temperatures and times), and also on the effect
of the matrix on thermal susceptibility.

3.3.3.2 | Microwave treatment

The method of heating of solid foods by microwaves involves dielectric and ionic mechanisms, water in the food being the
primary component responsible for dielectric heating since as water oscillates at the high frequencies of the microwave
ovens, heat is produced. The oscillatory migration of ions in the food is the second mechanism that generates heat under the
influence of the oscillating electric field (Datta & Davidson, 2000; Ozkoc et al., 2014). As for microorganisms, it is thought that
temperature/time history at the coldest location will determine the safety of the process (Datta & Davidson, 2000). However,
uneven distribution of the heat may occur in standard domestic microwave ovens so that turning food during cooking, cov-
ering food and adding liquid as it cooks all help to even out the heating (Datta & Davidson, 2000; Ozkoc et al., 2014).
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Several studies show that temperatures <74°C combined with different times (i.e. 74°C, 15 s was the temperature/time
combination recommended in EFSA BIOHAZ Panel (2010)) are effective in killing A. simplex (s. .) L3 larvae. For example,
Vidacek et al. (2009) microwaved water suspensions of ovaries and viscera tissues heavily infected with larvae at 900 W
for 30 s, and no survivors were found. The maximum temperatures of the samples ranged between 67.8°C and 69.2°C. In
hake sandwiches processed in a commercial 900 W microwave oven for 3 min, 66.9°C was reached in the thermal centre of
the sandwiches immediately after treatment and no larvae survived (Tejada et al., 2006). This was also the case for larvae
in a microwave digestion oven which allowed control of the time to reach a preset temperature as well as optimal distri-
bution of the microwaves (Vidacek et al., 2011). Thus, in conditions where the target temperature was reached in 1 min,
60°C (800 W) or 70°C (1,000 W) for a holding time of 1 min was lethal to Anisakis larvae immersed in distilled water. In hake
sandwiches, 5 min and 3 min were needed, respectively, for killing all tested larvae under these microwave conditions. In
another study, fish sandwiches spiked with Anisakis spp. were placed in a microwave oven at 600 W. Samples were neither
covered nor rotated. After 1 min, a temperature sensor was inserted into the sample without removing it from the oven.
Once the temperature was registered, the sample was removed and maintained at room temperature for 15 min. Surviving
larvae were not detected when the registered temperature was 75.6°C (Lanfranchi & Sardella, 2010) (Table 7).

The U.S. Food and Drug Administration (FDA, 2023) recommends, for raw animal foods, an internal temperature of 74°Cin
all parts of microwaved animal-derived foods plus an additional 2 min of standing time for the covered food to achieve tem-
perature equilibrium, although this is not specifically for zoonotic parasites. In addition, food should be rotated or stirred
throughout or midway during cooking to ensure a more even distribution of heat and covered to retain surface moisture.

Results of survival after microwave treatment vary among studies owing to the lack of standardisation of wattage in
standard domestic microwave ovens (usually 800-1200 W), uneven distribution of the microwaves, differences in size,
shape, composition and dipolar components in the food. The effect of moisture and salt content in the products is sig-
nificantly higher using microwaves as compared to conventional processing due to their effect on dielectric properties
(Vidacek et al., 2011). More data should be gathered in order to define more specific lethal conditions for parasites in mi-
crowaved fishery products.

3.3.3.3 | High-pressure processing

High-pressure processing (HPP) is a non-thermal treatment in which foods are subjected to isostatic pressures. Traditionally,
this is an in-batch process that can be applied to both solid and liquid prepacked foods. Pressure is transmitted rapidly and
uniformly in an isostatic manner so that all parts of the food are subjected to the same pressure simultaneously.

An EFSA scientific opinion on the efficacy and safety of high-pressure processing of food has been recently published
(EFSA BIOHAZ Panel, 2022). Within the industrial context, pressures of between 400 and 600 MPa are most often applied
for microbial inactivation in foods, with common holding times ranging from 1.5 to 6 min. The water used as pressure-
transmitting fluid is often prechilled at 4-8°C.

HPP ranging from 100 to 350 MPa (1-5 min) was applied to A. simplex larvae and parasitised hake (Merluccius merluccius)
muscle. The larvae were killed at pressures =200 MPa and times > 1 min, producing alterations in the larva body and rup-
tures in the cuticle when observed by scanning electron microscopy (Vidacek et al., 2009). In this study, the increased shear
resistance and changes in colour of the fish muscle were also detected. However, visual changes in appearance of the fish
muscle were observed only at 300 MPa.

In studies undertaken since 2010, Lee et al. (2016) exposed the white spotted conger flesh containing 20 live larvae to
different pressures (150 and 200 MPa for 1 and 5 min; 250 and 300 MPa for 1 min). The optimum HPP inactivation condi-
tions for A. simplex L3 in the flesh were found to be 200 MPa at 5 min and 300 MPa for 1 min, since they rendered complete
mortality of the tested larvae but the former was preferred since it resulted in no significant changes in colour and sensory
analysis. In another study, infected hake sandwiches were treated at 200 MPa for 15, 30, 60-90 s. In these conditions, all A.
simplex larvae survived, but none of them were able to penetrate into agar, thus suggesting an impaired infectivity after
HPP application (Parasite Consortium, 2016). As indicated in the previous EFSA BIOHAZ Panel (2010) opinion, the changes
in muscle colour and appearance may limit the application of HPP for the treatment of raw fish, but this treatment may be
suitable for particular fish species or for processed fish (Table 7).

3.3.34 | Pulsed electric fields

Pulsed electric field (PEF) treatments consist of subjecting a product placed between two electrodes, usually immersed in
an aqueous solution, to high-intensity electric fields (between 0.5 and 30 kV/cm) by applying intermittent pulses of short
duration (microseconds to milliseconds) without increasing the product's temperature (Martinez et al., 2023).

Onitsuka et al. (2022) applied PEF to fillets of horse mackerel (Trachurus japonicus) spiked with Anisakis, presumably A.
pegreffii. The fish fillets were immersed in a saline solution, and pulsed power was applied. They observed optimal inac-
tivation at NaCl solutions with electrical conductivity of 5 mS/cm, charging voltage 15 kV, capacitance 80 pF, frequency 1
Hz, the distance between electrodes 11 cm and 500 pulses. Sensory evaluation after the treatment showed that, although
slightly lower than the control, the fish retained their quality as sashimi.

Abad et al. (2023) evaluated the efficacy of PEF on the inactivation of Anisakis spp. larvae (n=10 larvae per condition in
triplicate, total 480 larvae in the calibration experiment) in an aqueous solution. Response surface methodology was used
and a central composite design was constructed to evaluate parameters such as electric field strength (1-3 kV/cm), specific
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energy (3-50 kJ/kg) and pulse width (3-100 ps) on Anisakis survival and data obtained were described by a second-order
polynomial equation. The viability of Anisakis was highly dependent on field strength. The loss of survival as a function
of specific energy was higher at the highest field strength (3 kV/cm). On the other hand, at the lowest field strength (1 kV/
cm) pulse width exerted a significant influence, whereas no effect was found at the highest field strength (3 kV/cm). These
results were validated with an independent experiment in aqueous solution with very good relationship between the pre-
dicted and experimental data. Maximum inactivation (i.e. 90%-100%) was obtained at 3 kV/cm and 50 kJ/kg.

In hake spiked with Anisakis (n=10 larvae per condition, total of 600 larvae), Abad et al. (2023) used pulses of 30 ps and
50 kJ/kg specific energies, with varying field strengths (1 to 3 kV/cm) and compared the percentage of survivors with the
expected mortality according to the polynomial model developed in isolated larvae. A good agreement was found with
the model, confirming that a treatment condition using 30 ps, 50 kJ/kg and 3 kV/cm is capable of inactivating a significant
percentage of Anisakis present in pieces of hake (i.e. 80%-100%). The authors observed that the application of this optimal
PEF treatment to hake fillets affected moisture, water-holding capacity and cooking loss to a lesser extent than if these
fillets were frozen at —18°C for 48 h and then thawed.

In another study, Onitsuka et al. (2024) studied: (a) the effect of water conductivity, (b) the capacitance, (c) charging volt-
age of the energy storage capacitor, (d) the input energy density into the treatment electrode, (e) the distance between
parallel plate electrodes, (f) the position of the larvae in the fish fillet, or (g) in whole fish, and (h) the fish species in spiked
and in naturally parasitised fish. They observed that the higher the input energy density per pulse (J/cc/pulse), the higher
the inactivation effect of Anisakis larvae. However, the inactivation efficiency was affected by the position of the larva in
the fish flesh owing to the effect of the shape and composition on current distribution. The authors did not find differ-
ences between naturally parasitised and spiked fish. Unlike previous studies (Abad et al., 2023; Onitsuka et al., 2022), they
achieved complete immobility even at about total input energy density of 10 J/cc, suggesting that Anisakis can be inacti-
vated at relatively low energy. According to this study, the applied energy was significantly lower than that used in their
previous work (260 J/cc) (Onitsuka et al., 2022) and of Abad et al. (2023) (3 kV/cm; 50 J/cc) (Table 7). The authors suggested
that more studies need to be performed to improve efficiency and to standardise conditions (Onitsuka et al., 2024).

Martinez et al. (2023) reviewed the potential application of PEF technology in the control of food-borne parasites. The
authors highlighted the need to continue research related to the execution and scaling of PEF treatments to facilitate the
development of industrially competitive processes. They considered that the presence of bubbles, the need to design new
treatment chambers and the absence of sufficiently powerful equipment are problems to be solved for the treatment of
solid products such as fish or fish fillets. The electrical parameters must also be carefully optimised to avoid alterations in
quality and a case-by-case analysis of the PEF efficiency in each of the matrices is necessary.

3.3.3.5 | Other physical methods

Drying is a processing/preservation method in which the water content and water activity are decreased due to osmotic
pressure, resulting in a decreased bacterial and enzymatic activity (Sampels, 2015). One of the most popular dried fish
products is ‘stockfish’, an unsalted, naturally dried fish product mainly made from cod. In the traditional process, beheaded
and gutted cod are hung outdoors at 0-2°C for about 3 months, then left for maturation and storage in dry, ventilated
warehouses for 2-12 months, and the final step consists in rehydration of the fish (2-15 days at 2-4°C), so production usu-
ally takes a minimum of 5 months before the stockfish is ready for consumption. It was shown that this product was free of
viable anisakid nematodes in a total production process of 7.5 months (Bao et al., 2020). However, there is no information
on the inactivation within shorter periods of time.

Alternative techniques to conventional freezing include also the use of ultrasounds (US), which produces cavitation
in liquids (formation, growth and implosion of tiny gas bubbles in the liquid when the ultrasonic waves pass through),
variations in pressure in gas and movement of liquids in solid media. Fluid mixing and shear forces on a micro scale are
generated by this high-frequency vibration (Chavan et al., 2022). The effect of US (37 kHz and 1200 W, 0-30 min) on isolated
Anisakis larvae in glass tubes has been studied (Oh et al., 2014). Viability was reduced to 5.6% when ultrasound alone was
used to treat live larvae in test tubes for 30 min. When 1500 ppm chlorine was added and then, 37 kHz, 1200 W for 30 min
was applied, larval inactivation was complete in isolated larvae, but this treatment was unsuccessful in naturally infected
conger (Conger myriaster) viscera. Other authors have also reported the inability to inactivate Anisakis larvae at an ultra-
sound intensity of 40 kHz and 150 W, up to 30 min (Parasite Consortium, 2016) (Table 7).

There is no new data on the effect of irradiation, low voltage current and hot smoking as treatments to kill parasites of
public health importance since the last EFSA BIOHAZ opinion was published in 2010.

3.34 | Chemical treatments
3.34.1 | Salting

Salting is a processing and preservation method by which the water content and water activity of the fish are lowered thus lead-
ing to lower concentrations of bacteria and enzymatic activity. The high salt concentration creates an environment where most
bacteria and fungi cannot grow or survive (Sampels, 2015), but as stated in the previous EFSA opinion (EFSA BIOHAZ Panel, 2010).
Anisakidae are to some extent resistant to this salt environment and traditional products need to be tested accordingly.
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The resistance of anisakids (80% Anisakis and 20% Phocanema larvae) over time was assessed in ‘baccala’ (salted cod),
one of the salted products consumed in the Mediterranean countries. Smaldone et al. (2017) prepared ‘baccala’ by a double
salting process [i.e. first in a 13% NaCl solution at 5°C for 24 h in a 1:1 fish to brine ratio, and then dry salted and subjected
to maturation for up to 3 months at 5°C by stacking cod and salt in alternating layers (1:1 weight)]. After 15 days of ripening,
the baccala contained 18.6% NaCl, had a water activity of 0.751 and 24.15% water phase salt which resulted in all Anisakidae
larvae (that were naturally present) being inactivated. Fifteen days is considered the minimum time required in order to
obtain commercial salted cod.

Fillets of anchovies (Engraulis anchoita) were immersed in saturated NaCl solutions for 4 days. They were then headed,
gutted and trimmed, spiked inside the fillet with larvae of different genera and exposed to dry salting according to the
process used locally, consisting in a layer of fish/salt in a 1:1 proportion for 1-24 h. Larvae of the genera Contracaecum,
Hysterochylacium and Phocanema were inactivated after 1 h and Anisakis larvae rendered non-viable at 16 h (Lanfranchi &
Sardella, 2010). Interestingly, the storage time of this anchovy product in Argentina is 6-8 months.

The effectiveness of the traditional dry salting process for anchovies in southern Italy was assessed for A. pegreffii mor-
tality (Anastasio et al., 2016). Ungutted fish were mixed with NaCl in a fish:salt ratio of 3:2, then placed in plastic drums,
pressed and stored at 25°C for 120 days. The results showed that, starting from the 15 days of the ripening process, all larvae
were considered dead. At that stage, 21% NaCl concentration was reached in the salted anchovies. The time of treatment
is eight times longer than the effective time requested to inactivate the anisakidae larvae. In another study, eviscerated
anchovies were subjected to dry salting, pressed for 10 days at 16°C and matured for up to 20 days. Dry salting was effective
in killing A. pegreffii after 10days at 16°C (Simat & Trumbi¢, 2019).

To determine which salt brines can be considered safe in terms of Anisakis inactivation, live larvae isolated from the
viscera of conger eels were immersed into brines containing 5, 10, 15 or 20% NaCl at 4°C (20 larvae/solution) and stored for
up to 7 days (Oh et al., 2014). Only at 15% NaCl or higher, were all larvae inactivated at 7 days and lower salt concentrations
rendered high survival ratios, specially at 5% NaCl. In another study, A. pegreffii larvae immersed in different brines ranging
from 5% to 35% NaCl at 4°C (Simat & Trumbi¢, 2019) were inactivated at 35% NaCl in 3 days, whereas 10 days were required
using 5% NaCl (Simat & Trumbi¢, 2019) (Table 7).

According to the review of Raether and Hanel (2003), Diphyllobothrium is inactivated by placing the fish in brine (12%
Nacl).

3.34.2 | Marinating

Marinating is a traditional process in which fish is immersed in vinegar and other ingredients, with the aim of inhibiting
or retarding bacterial growth by lowering the pH and also conferring desired organoleptic characteristics on the product
(EFSA BIOHAZ Panel, 2010; Sampels, 2015). Since 2010, different marinating solutions have been investigated by exposing
isolated Anisakis spp. larvae in the solution, which included salt and sugar, lemon juice, acetic acid, alcohol, wine and/or
apple vinegar. The survival of larvae immersed in these solutions was about 5days in lemon juice and lemon juice with
acetic acid. In alcohol vinegar, larvae survived for only 48 h (Simat & Trumbi¢, 2019). Other authors have included citric acid,
acetic acid and NaCl at different concentrations and observed inactivation of isolated larvae at times ranging from 12-17 h
to 22-32 h, and reported a complex relation between larval size and different marinating solutions in Anisakis type | larvae
(Giarratana et al., 2012). However, these studies may not reflect what happens when the fish is marinated. Carpaccio and
wine vinegar marinades, for example, failed to kill Anisakis spiked in anchovies during the marinating process, which were
only inactivated after 60 days of storage (Simat & Trumbi¢, 2019).

3.34.3 | Otherchemical procedures — The use of natural products

A wide range of compounds from plants have been investigated for potential application as anthelmintics against human
parasitosis. These include plant extracts, essential oils or compounds isolated from these with different chemical compo-
sitions (Valero et al., 2015). These compounds could also be used as food additives and the in vitro and in vivo activity of
these natural products against Anisakis has also been analysed with the aim of killing parasites present in different food
products. Model systems with larvae immersed in different media such as water or saline solutions, marinating solutions
or in oils have been used. Parasite inactivation has also been studied in fish homogenates and in fish muscle. Although
in most cases the envisaged food applications refer to the industrial-like production of the anchovies marinating process,
other applications have been proposed, and thus, the anthelmintic effects of natural products are presented as a separate
section from marinating. Most of the information published to date has focused on Anisakis type | with a few reports cover-
ing other anisakids (Table 7).

Natural compounds

Valero et al. (2015) reviewed the larvicidal activity of different natural products and observed that ar-turmerone, a compo-
nent isolated from the root of turmeric (Curcuma longa) has the highest larvicidal activity against Anisakis at 24 h and 25
pg/mL. Many compounds exert high larvicidal activity at <4 h in higher concentrations (i.e. 125 pg/mL). These included
carvacrol, citronellol, citral, a-pinene, ocimene, nerolidol, farnesol, elemol, a-bisabolol or thymol (Mladineo et al., 2018;
Navarro-Moll et al., 2011; Romero et al., 2012; Valero et al., 2015).
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However, the larvicidal activity of the natural compounds can be different depending on the matrix, as is the case for al-
lylisothiocyanate (AITC), a natural antimicrobial found in seeds, leaves, stems and roots of cruciferous plants. The use of AITC
killed all larvae present in anchovies within 60 h when they were pretreated with 0.1% of this compound in saline solution,
rinsed and then marinated whereas when added directly to the marinating solution 0.1% AITC was ineffective (Giarratana,
Panebianco, et al., 2015). With R(+) limonene (LMN), the major aromatic compound in essential oils obtained from oranges,
grapefruits and lemons, larvae were inactivated after 24 h in a 5% LMN solutions and up to 48 h treatment was necessary
at lower concentrations (i.e. 0.5%). When this compound was added to a marinating solution, 16 h was needed at 5% for
complete inactivation but at 24 h 0.5% LMN was equally effective (Giarratana, Muscolino, et al., 2015). LMN had low larvi-
cidal effect in oil, but complete inactivation was achieved in 8 days when marinated anchovies were packaged in 5% LMN
sunflower seed oil at 4°C. Moreover, its effect was stronger when a double treatment with 1% LMN was performed, i.e.
when it was applied during both the marinating and the packaging in oil processes (Nalbone et al., 2022).

According to Barros et al. (2009), geraniol at 250 pg/mL inactivated 90% of Contracaecum sp. in 48 h (Table 7), whereas
125 pg/mL for 24 h was required for 100% inactivation of Anisakis sp. (Valero et al., 2015).

Essential oils

Many essential oils (EO) exert in vitro activity against Anisakis in saline solutions. These include tea tree oil (Melaleuca
alternifolia), which has been reported to have the highest inactivation properties, with a lethal time of 24 h at 10 pg/
mL (Gémez-Rincén et al., 2014; Valero et al., 2015). Other essential oils such as lemongrass (Cymbopogon citratus), chamo-
mile (Matricaria chamomilla) at 125 ug/mL and peppermint (Mentha piperita) oils at 250 pg/mL killed the larvae within 4 h
(Romero et al., 2012, 2014; Valero et al., 2015). Tagetes minuta and Thymus zygis subsp. gracilis inactivated Anisakis in 2 and
4 h at 1% and 0.01% solutions, respectively (Bouymajane et al., 2022; Giarratana, Muscolino, Ziino, Giuffrida, et al., 2017).
Nutmeg (Myristica fragans) essential oil had larvicidal activity (i.e. 92% mortality rate) between 500 and 700 pug/mL at 24 h
and showed no signs of cytotoxicity (Lopez et al., 2015). Essential oils from Origanum such as O. vulgaris (Valero et al., 2015),
O. compactum (Lépez et al., 2018) and O. syriacum (Lépez et al.,, 2019) also had strong larvicidal activity. In the latter case,
although complete mortality occurred at 24 h, agar penetration capacity was 0 after 1 h exposure to the oil at LC, . This
suggests Origanum's potential to inhibit the invasion of the host tissues and reduce Anisakis pathogenic capacity (Lépez
etal., 2019). In marinated solutions, Ulvaria sheffleri, Zanthoxylum chalybeum and Vepris dainelli essential oils killed all Anisakis
larvae present after 3, 5 and 5 h, respectively, at 5% concentration (Anza et al., 2021). These essential oils showed weak cy-
totoxicity at low concentrations. Examples of the effect of the matrix on the larvicidal activity include Tagetes minuta EO,
where complete inactivation was reached after 4 h and 5% EO in marinated solution, whereas in sunflower seed oil, 16 h
was needed at this concentration, or 24 h at 1% (Giarratana, Muscolino, Ziino, Giuffrida, et al., 2017). Thyme, Thymus vulgaris
essential oil had only complete larvicidal effect in oil, no effect in marinated solutions (Giarratana et al., 2014) and very low
effect (11.4% mortality in 5% v/v oil during 24 h) in naturally parasitised blue whiting (Micromesistius poutassou) (Gomez-
Mateos Pérez et al., 2017). Nepeta cataria (catmint) essential oil at 0.1% was sufficient to kill these larvae in 48 h but 10% was
needed when dissolved in oil to achieve the same effect in this time (Giarratana, Muscolino, Ziino, Lo Presti, et al., 2017).

The highest biocidal activity in naturally parasitised blue whiting among different essential oils from Mediterranean
plants, i.e. Spanish lavender (Lavandula stoechas), lavender (Lavandula spica), marjoram (Origanum majorana), oregano
(Origanum vulgare), rosemary (Rosmarinus officinalis), cumin (Cuminum cyminum) and thyme (Thymus vulgaris) was achieved
with oregano essential oil, with 53% mortality in 24 h. However, the other essential oils had little or no effect. Interestingly,
between 60% and 88% of parasites treated with these essential oils migrated out of the muscle, and in vivo tests showed
that rats inoculated with larvae that survived treatments with oregano, cumin and Spanish lavender did not show lesions
in the digestive tract (Gdmez-Mateos Pérez et al., 2017).

In vitro exposure to ginger essential oil was lethal for all tested Contracaecum sp. larvae at concentrations of 295 ug/mL
(Cly) after 32 h (Pavanelli et al., 2018).

Plant extracts

Saline solutions of plant extracts such as Perilla frutescens, turmeric (Curcuma longa), ginger (Zingiber officinale), wasabi
(Wasabia japonica) and garlic (Allium sativum) killed Anisakis larvae in 3-11 h at concentrations of 1.25%-5% (Valero
et al., 2015).

The addition of aromatic plants to virgin olive oil has been traditionally used in several dishes for improvement of their
sensory characteristics, shelf-life extension and enhancement of the nutritional characteristics (Akcar & Glim{iskesen, 2011),
e.g. by pressing the olives together with the plants (Clodoveo et al., 2016). A number of plant extracts in oils have been
shown to exert activity against Anisakis and the lethal time ranges from 1 day (cumin and a mixture of lemon, garlic and
parsley), 3-8 days [cinnamon (Cinnamomum verum), turmeric, cumin, rosemary], 10-15days [lemon zest (Citrus lemon), lau-
rel (Laurel nobilis), thyme, clove (Syzygium aromaticum), cardamom (Elettaria cardamomum), ginger] (Trabelsi et al., 2018,
2019, 2021). A number of these plant extracts were used in artificially parasitised anchovy fillets marinated in a typical
industrial marinating process, and then stored in these flavoured oils. Based on the larvicidal activity and sensory scores,
flavoured olive oils with cumin or with a mixture of lemon, parsley and garlic were considered good candidates for use in
these traditional foods owing to their larvicidal activity without negatively affecting their sensory characteristics (Trabelsi
etal., 2021).
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The larvicidal activity of natural products induce alterations in the cuticle and digestive tract of anisakids. The effect of
essential oils or plant extracts may be the result of several compounds acting synergically (Valero et al., 2015).

3.3.5 | General considerations for physical and chemical treatments

The new physical (i.e. drying, PEF) and chemical (i.e. essential oils and plant extracts) approaches of inactivation of para-
sites, developed since 2010, are in the proof-of-concept phase of development or no sufficient data have been gathered.
The new research data for technologies described in the previous opinion (heating, HPP, salting, marinating, natural com-
pounds) have yet to clearly define the conditions required for complete inactivation of the parasites and describe the
effect on sensory attributes. Within these studies, differences in methodologies, parasitic species, etc., prevent a com-
parison of the data when combined with inherent product factors such as fish composition, geometry, presence of other
components, packaging, etc. It is essential that the efficacy of a given treatment has to be evaluated for a specific product.
The application of chemical compounds requires them to be assessed for use on products that are intended for human
consumption in addition to their ability to kill or inactivate the parasites. Whenever larval inactivation is measured in an
efficient way (i.e. sufficient sample size in a short time) and well-controlled conditions, quantitative risk models should be
developed, as for other biological hazards (e.g. EFSA BIOHAZ Panel, 2015).

To date, freezing and heating are still the most efficient methods to kill Anisakis larvae. Several reports in the scientific
literature show that the conditions of the freezing process can be designed for any fishery product to meet both safety and
quality requirements (Cuesta et al., 2021; Della Morte et al., 2023; Podolska et al., 2019; Sdnchez-Alonso et al., 2020).

3.3.6 | Strategies for parasite removal

Mechanical removal of parasites from infected parts is one of the most established ways of avoiding the presence of these
parasites in the edible part of the fish. Early gutting will prevent migration of anisakids to the fish musculature, and filleting
and trimming operations will decrease the parasite burden of the flesh.

In traditional fish processing, the operations are performed manually by experienced workers. Due to the advancement
of cutting techniques in fish processing, advanced techniques for intelligent cutting and/or processing solutions are be-
coming available (Fu et al., 2023; Liu et al., 2022). Among them, gutting, which involves cutting and removing the viscera by
washing out with water, extraction with claws or vacuum suction has a high importance in the removal of parasites, and is,
for some species of high economic value, the first step that can be fully automated (Azarmdel et al., 2021).

Various studies indicate that trimming of the flesh by physically removing most of the belly flaps can considerably
reduce the presence of anisakid larvae in the fillets of several commercially valuable fish species. For example, a recent
investigation (Levsen et al., 2022) demonstrated that trimming by removing the belly flaps could reduce the presence of
A. simplex (s. s.) larvae in the fillets by 86% in saithe (Pollachius virens), and even more than 90% in NE Arctic cod (Gadus
morhua) and haddock (Melanogrammus aeglefinus). Similarly, trimming by removing the belly flaps could reduce the pres-
ence of Ph. decipiens (s. 1.) in the flesh of NE Arctic cod by at least 45% (Levsen et al., 2022). A series of technological devel-
opments are available although better performance is usually achieved by hand cutting (Fu et al., 2023).

Anisakid nematodes respond to chemical and physical stimuli which can, in principle, be used as removal strategies
from the fish matrices. The treatment of gutted and washed blue whiting with certain essential oils diluted in olive oil for
24 h at 4°C (i.e. Spanish lavender, cumin, lavender, marjoram, rosemary and thyme essential oils) resulted in > 70% Anisakis
L3 moving away from the fish muscle (Gémez-Mateos Pérez et al., 2017). In another study, cod livers infected with C. oscula-
tum L3 were immersed in solutions of different composition for up to 65 h at 37°C and the 24 mM HCl solution induced the
escape rates >80% after 35 h with slightly disintegrated, fragmented or soft tissues (Zuo et al., 2017). On the other hand, the
incubation of Anisakis spp. and Phocanema spp. larvae with CO, or O, atmospheres as a procedure for their removal from
the fish was shown to be unsuccessful (Guan et al., 2021).
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TABLE 7 Reported treatments to inactivate parasites.
Parameters for successful
Treatment Parasite Matrix Treatment conditions® treatments® Comments References

1. Physical methods

Conventional heating Anisakis simplex (s. 1.)

A.simplex (s.1.)

Anisakis type |

Depending on the
batch: A. simplex
(s.s.) (100%-70%);
A. pegreffii (0%-
24%); heterozygote
genotype (0%-6%)

Depending on the
batch: A. simplex
(s.s.), from 100% to
92.5%; A. pegreffii
(0%-2.6%);
heterozygote
genotype
(0%-7.5%)

Cryptocotyle lingua
metacercariae

10 mL of distilled water at room temperature
spiked with larvae (N=5/tube). Two

batches tested. At least five test tubes per

condition, a total of 2025 larvae

Hake (Merluccius merluccius) pieces of fillets
spiked with larvae (N=12) and covered
with the matching portion of the other
fillet from the same individual and
wrapped, thus making a ‘sandwich’
(N=12/sandwich). Each sandwich was
vacuum sealed and stored for 20 h to
allow the larvae to migrate into the fish.
At least two sandwiches were used per
condition. Total 48 larvae

15 mL of prewarmed physiological saline
solution with larvae (total N=400)

Hake sandwiches (Merluccius merluccius)
spiked with larvae (N=15 or 35). At least
three sandwiches per condition. Twenty-
four independent experiments were
done with a total of 108 sandwiches and
2000 larvae

Larvae individually immersed in 30 pL of
0.85% NaCl in 96 microplate wells, per
time and temperature condition (N=96
larvae/microplate); about 104 cases
tested, 10,000 larvae used

Metacercariae were placed between two
cod (Gadus morhua) fillet slices (cod
sandwich) and in natural parasitised cod.
In spiked sandwiches: 10 metacercarial
cysts/sandwich, triplicates, 38 cases, 1140
metacercariae analysed.

Approx. 5 g of infected cod tissue (skin
including 4-6 mm of underlying muscle
tissue). All incubations were made in
triplicate.

Conventional heating using test tubesin a
water bath set at 40, 50, 60, 70, 80 and 90°C.
Holding times at target temperatures: 30 s
to 60 min

Conventional heating using a water bath set at
93°C. 5 or 3 min holding time in the water
bath once sandwiches reached 60°C or
70°C, respectively

Conventional heating of the glass tubes in a
water bath set at 45°C, 47°C, 48°C and 50°C

Conventional heating using various conditions:

(a) water bath set at 92°C up to target
temperatures, and cooled down in ice
water;

(b) oven set at 200°C until 50°C was reached in
the core, and cooled down in ice water;

(c) oven set at 200°C and removal of sandwiches
at 7,10, 15 or 20 min and sandwiches
allowed to cool at ambient temperature;

(d) water bath set at 60°C or 70°C, and once
58 and 68°C were reached, samples were
removed immediately or after 2.5 and 5 min

Conventional heating at temperatures ranging
from 44°Cto 61°Cin a thermal cycler under
-quasi-isothermal conditions, from 0s up
to 45 min holding times. Experiments that
yielded no survivors were performed in
triplicate, at each temperature, to have 288
replicates (96 x 3 individuals) that allowed
the estimation of the lethal time of the
Anisakis population with a probability of
99.65% (<LTyq go)-

Incubation on Petri dishes at different
temperatures ranging from 50°C to 100°C
from 1 min to 3 h. Petri dishes were supplied
with 500 pL of deionised water and a lid in
order to avoid desiccation.

>70°C, =1 min
60°C, 15 min in one batch
60°C, 3 min in the other batch

With 5-min and 3-min holding time
after reaching 60°C and 70°C,
respectively, all tested larvae
were dead

45°C, ~ 85 min
47°C, ~ 40 min
48°C, ~7 min
50°C, ~5min

By decision tree analysis, =60°C,
>8 min
>55°C, time to reach 55°C> 14 min

Experimental values:
61°C, 1s;

59°C,3s;

57°C,10s;

55°C,30s;
52°C,1305s;
50°C,300s;

48°C, 2500's;

46°C, 8500 s

Fish sandwiches:

100°C, 10 min;

90°C, 15 min;

80°C, 15 min;

70°C, 15 min;

60°C, 30 min;

50°C, 2 h.

Naturally parasitised fish:
60°C, 30 min;

70°C, 30 min.

Time to reach 60°C was around 3 min and the
initial time was set when the required
temperature was reached

Vidacek et al. (2010)

Time to reach 60 and 70°C was 6.5 and 11 min,
respectively. No lower temperatures or
holding times were assayed

Vidacek et al. (2011)

Giarratana et al. (2012)

None of =60°C, = 1 min treated cases were able Sanchez-Alonso,
to penetrate into agar Carballeda-Sangiao,
Gonzalez-Muioz,
etal. (2021)

Guan, Usieto, Sénchez-
Alonso, et al. (2023)

Mathematical model (i.e. Weibull) explains
survival ratio as a function of exposure
time; the obtained §; values were used to
describe their temperature dependence
through a polynomial equation. Good
agreement between observed and
predicted survival ratios

Borges et al. (2015)
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TABLE 7 (Continued)
Treatment Parasite
Microwave Anisakis sp.

Anisakis sp.

Aniskakis sp.

A. simplex (s. |.

A.simplex (s. 1.

High-pressure A.simplex (s. 1.

processing

A.simplex (s. 1.

A.simplex (s. 1.

Matrix

Chilled A. simplex larvae (2.5 g of larvae from
heavily parasitised hake (Merluccius
merluccius) attached to ovary and viscera
tissue, in 4 mL water

Fish sandwiches spiked with larvae (N=5),
nine sandwiches (two groups of different
sizes), 45 total larvae

Hake (Merluccius merluccius) sandwiches
spiked with larvae (N=40-60). Each
sandwich was vacuum sealed and
stored for 20 h in chilled conditions. Five
sandwiches, about 250 larvae in total

30 mL of distilled water spiked with larvae
(N=5), three replicates, total 375 larvae

Hake (Merluccius merluccius) sandwiches
spiked with larvae (N=12). Each sandwich
was vacuum sealed and stored for 20 h
to allow the larvae to migrate into the
fish flesh, two sandwiches per condition,
total, 48 larvae

5 mL of distilled water spiked with larvae
(N=5), 80 larvae in total

Hake (Merluccius merluccius) steaks spiked
with larvae (N=12) and covered with
another steak, thus making a ‘sandwich’.
Each sandwich was vacuum sealed and
stored for 24 h to allow the larvae to
migrate into the muscle, total of 60 larvae

White spotted conger (Conger myriaster)
spiked with larvae (N=20), in triplicate,
total of 360 larvae

Treatment conditions®

Household 900 W microwave oven operating
at maximum (100%) power for 30 s. Final
temperature of the samples ranged
between 67.8°C and 69.2°C

Household microwave oven operating on 75%
of power (600 W). Samples not covered nor
rotated. Temperature was registered after 1
min in microwave, samples were removed
and maintained at room temperature (RT)
for 15 min

Household microwave oven operating at
maximum (100%) power for 3 min. Samples
covered with microwave-resistant film

Laboratory microwave digestion oven. The oven
was programmed to reach the required
temperature in 1 min. The conditions used
were 50 and 60°C (at 800 W) for 1, 2, 3, 4,
5,6,7,8,9and 10 min and at 70°C (at 1000
W) for 1,2, 3,4 and 5 min. Rotated, optimal
microwave distribution

Microwave digestion oven. The oven was
programmed to reach the required
temperature in 1T min. The conditions
used were 800 W, 60°C, 5 min and 1000 W,
70°C, 3 min holding time. Rotated, optimal
microwave distribution

100, 200, 300, 350 MPa for:

(@) 1 min;

(b) two cycles of 1 min separated by 5 min [i.e.
1+1];

(c) 2 min;

(d) two cycles of 2 min separated by 5 min [i.e.
2+2]

200 MPa, for (a) 1 min, (b) 2 min, (c) two cycles
of 2 min separated by 5 min [i.e.2+2], (d) 5
min; and 300 MPa for 1 min

The pressure vessel was preheated to the
desired temperature and pressurised for 1

or 5 min (holding time) at 150 or 200, and for

1 min (holding time) at 250 or 300 MPa. The
pressure build-up velocity was 5 MPa's™,
and the decompression time was <10°s

Parameters for successful
treatments®

900 W (100% of total power), 30's,
67.8—-69.2°C as final temperature
of the samples

600 W (75% of total power), 75.6°C
after 1 min in microwave
followed by 15 min at RT

900 W (100% of total power), 3 min,
66.9°C as final temperature
of the samples, then vacuum
packed and stored at 5°C for
24 h

800 W, 60°C, =1 min holding time;
1000 W, 70°C, = 1 min holding time

800 W, 60°C (reached after 1 min), 5
min holding time;

1000 W, 70°C (reached after 1 min), 3
min holding time

>200 MPa, =1 min holding time

=200 MPa, =1 min holding time
(no movement of the larvae
were detected under any of the
conditions employed)

200 MPa, 5 min
300 MPa, 1 min

Comments

10% L3 survived when the final temperature of
64°C (i.e. bigger sandwiches) was reached
(after 1 min)

Alterations in larvae body and ruptures in the
cuticle by scanning electron microscopy
(SEM)

Alterations in larvae body and ruptures in the
cuticle by SEM. However, visual changes in
appearance only observed at 300 MPa

No significant changes in sensory analysis nor
in colour measured instrumentally at 200
MPa for 5 min, while low sensory scores
were obtained at 300 MPa for 1 min

References

Vidacek et al. (2009)°

Lanfranchi and
Sardella (2010)

Tejada et al. (2006)°

Vidacek et al. (2011)

Vidacek et al. (2011)

Vidacek et al. (2009)

Vidacek et al. (2009)

Lee et al. (2016)

(Continues)
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TABLE 7 (Continued)
Parameters for successful
Treatment Parasite Matrix Treatment conditions® treatments® Comments References

Pulsed electric fields  Anisakis (presumably

A. pegreffii)

Fillets of horse mackerel (Trachurus japonicus)
spiked with larvae in the middle of the
fillet (N=10), 100 larvae in total

Anisakis spp. Saline solution with an electrical conductivity
of 1.3+0.1 mS/cm was spiked with larvae
(N=10) in triplicate, estimated 960 larvae
total

Anisakis spp. Hake (Merluccius merluccius) sandwiches

spiked with larvae (N=10) in triplicate,
estimated 600 larvae

A. pegreffii Fillets of horse mackerel (Trachurus japonicus)
(spiked)

Chum salmon (Oncorhynchus keta) fillets and
slices (spiked)

Chum salmon slices (naturally parasitised).
In experiments (a) to (e), 10 larvae/fillet,
three fillets per condition. In experiments
(f) to (h), 10-12 larvae in one position of
the fish (estimated total larvae, 219).

Other physical methods

A. simplex (s. s.) (>98%);
Ph. decipiens (< 2%)

Stockfish, i.e. unsalted, naturally dried cod
(natural infection) (Gadus morhua). Total
80 fillets

Drying

PEF chamber, capacity 40 pF and 80 pF charging
voltage, 15 kV and 4.5 and 9.0 kJ stored
energy/pulse, 11 cm distance between
parallel plate electrodes

(a) Buffer saltwater conductivity (0.2-11.5 mS/
cm). Pulsed currents applied to 5.5 kg fillets
(about 250 fillets). Charging voltage to the
capacitor fixed at 15 kV, capacitance, 40
pF, 1 Hz operating frequency, 500 shots.
Immersed in buffered NaCl; initial T2 5°C, for
10 min. (b) 7 kg fillets, 5 mS/cm, 15 kV, 80 pF,
1 Hz, 100-500 shots. Initial T2 6°C

Salt water conductivity 5 mS/
cm, charging voltage 15 kV,
capacitance 80 pF, frequency
1Hz, 500 shots

PEF chamber using processing conditions:
electric field strength 1-3 kV/cm, specific
energy 3-50 kJ/kg, pulse width from 3 to
100 ps. Response surface methodology
used to determine optimal treatment

PEF chamber using processing conditions:
electric field strength 1-3 kV/cm and pulse
width 30 ps, specific energy 50 kJ/kg

Successful conditions for PEF
parameters:
(a) 5-11 mS/cm at 2.4 pF- 30 kV
(1.7 J/cc/pulse, total 8.6 J/cc);
(b)=1.6 uF (= 1.15 J/cc/pulse), 30 kV,

PEF parameters to study:

(a) buffer saltwater conductivity,
(b) capacitance,

(c) charging voltage,

(d) input energy per single pulse,

(e) distance between parallel plate electrodes. 10.4 J/cc;
Matrix parameters of study: (e) 20mm, 1.1 J/cc/pulse, 13.8J/cc,
(f) position of anisakid larvae infillet, 1.6 pF, 30 kV;.

(g) position of larvae in whole fish,
(h) natural infection and effect of species.

Matrix parameters:

(g) dorsal, caudal swim blader at 200
shots (137.6 J/cc);

(h) block of salmon fillet, 64 pulses,

36.1 J/cc, final temperature 20°C.

Common stockfish production process:

(a) 3 months outdoor drying at 1°C; 17 months
indoor storage maturation (20 months
total time) + 10days rehydration in water
at 2-4°C;

(b) 3 months outdoor drying, 4.5 months indoor
maturation (7.5 months total production
time), 10days rehydration

The air-dried stockfish production
process with 7.5 months total
production time

Sensory assessment confirms that the product ~ Onitsuka et al. (2022)

retains its quality as sashimi

Viability highly dependent on electric field Abad et al. (2023)
strength, specific energy and the influence
of pulse which was higher at lowest field
strengths. 3 kV/cm and 50 kJ/kg provided
the best processing conditions

Second-order polynomial equation fitted
well the experimental data. Validation
experiment rendered good agreement
with predicted mortality

However, no complete inactivation was
reached (i.e. 95%)

With 3 kV/cm, 30 ps, 50 kJ/kg, the maximum Abad et al. (2023)
inactivation was attained
No complete inactivation was reached at these

conditions in all samples (80%-100%)

No complete inactivation was achieved in part ~ Onitsuka et al. (2024)
(c) and (d); the highest immobility (90%)
was obtained in (c) at the highest charging
voltage (30 kV) at input densities of 0.57 J/
cc/pulse, and 23.0 J7cc, 0.8 pF.
No complete immobility was found in
cut salmon either spiked or naturally
parasitised at input energy densities of
36.1 and 42.6 J/cc and final temperature
20°C.

Larval cuticle damaged showing dehydration ~ Bao et al. (2020)

effects; larval body partially digested
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TABLE 7 (Continued)

Treatment Parasite

Ultrasound + Chlorine Anisakis

2. Chemical Methods

Salting Anisakis

A. pegreffii

A. pegreffii

A. pegreffii

Anisakis sp.;
Contracaecum sp.;
Hysterothylacium
sp.; Phocanema sp.

Anisakidae larvae,
genus: Anisakis
(80.5%),

Phocanema (19.5%)

Matrix

Larvae in tap water (30 larvae in 25 mL);
viscera of conger eels (Conger myriaster)
naturally infected

Larvae (N=20) in different brine solutions

Larvae in different brine solutions. 100
larvae/200 mL solutions in triplicate

Anchovies, ungutted (Engraulis encrasicolus)
naturally infected

Anchovies eviscerated (Engraulis encrasicolus)
spiked with larvae in the middle of the
fish. Two batches of 100 individual fish
spiked with 4 Anisakis larvae in four places
per fillet

Anchovies (Engraulis anchoita) pre-salted
by immersion for 4 days in saturated
NaCl solution were filleted and spiked
inside the fillet with larvae (N=4-5) after
presalting, total of 442 larvae

Fresh cod fillets (Gadus morhua) naturally
infected to produce ‘baccala’

Treatment conditions®

(a) 30 larvae in 25 mL tap water were treated
by ultrasound at 37 kHz and 1200 W for
0-30 min;

(b) 30 larvae were treated with 25 mL of
500-2000 ppm chlorine solutions for 5 min
and then moved into 25 mL tap water and
treated by ultrasound at 37 kHz and 1200 W
for 0-30 min;

(c) Viscera of conger eels naturally infected
were treated with 500-2000 ppm chlorine
solutions, transferred to tap water and
treated by ultrasound at 37 kHz and 1200 W
for 5-30 min

Salting in brine: Salt solution (5, 10, 15, 20%
NacCl) for 3 h to 7 days

Salting in brine: Salt solution (5%, 10%, 15%,
20%, 35% NaCl) stored at 4°C for up to 240 h

Dry salting: Ungutted anchovies were mixed
with NaCl (fish:NaCl ratio=3:2), placed in
plastic drums, pressed, and stored for up to
120days at 25°C

Dry salting: Alternating layers of fish and NaCl
were laid in cans, pressed (10days at 16°C)
and matured for 20days

Double salting (after the pre salting in brine, dry
salting): anchovies were salted following
local commercial salting techniques using
1 layer of fish — 1 layer of salt, successively
from 1to 24 h.

Salting in brine plus dry salting: Cod fillets
were salted in brine (13% NaCl) at 5°C for
24 hina 1:1 fish:brine ratio; then dry salted
and matured for up to 3 months at 5°C by
stacking fish and salt (1:1) in alternating
layers

Parameters for successful
treatments®

(@) 1500 ppm, 2000 ppm chlorine
and then, 37 kHz, 1200 W for
30 min

15% NaCl, 7 days
20% NaCl, 6 days

35% NaCl, 3days;
10%-20% NaCl ~4-5days;
5% NaCl 10days.

>15days with the salted anchovies
having 21% NaCl at 15 days

Maturation of 10days at 16°C

1 h dry salting for Hysterothylatium,
Contracaecum and Phocanema
16 h dry salting for Anisakis

>15days of ripening

Comments

References

Not successful for viscera of heavily parasitised Oh et al. (2014)

conger eels

Good panel acceptance and good quality
grade; further routine analysis on larvae
collected from other batches rendered
equal results; cuticle damages by SEM

Time of storage of these salted anchovies is
6-8 months

15days is considered the minimum time
required to obtain commercial salted cod

Ohetal. (2014)

Simat and Trumbi¢ (2019)

Anastasio et al. (2016)

Simat and Trumbic (2019)

Lanfranchi and

Sardella (2010)

Smaldone et al. (2017)

(Continues)
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TABLE 7 (Continued)
Parameters for successful
Treatment Parasite Matrix Treatment conditions® treatments® Comments References
Marinating Anisakis type | Larvae (N=200) were added in different (a): 5% citric acid, 5% acetic acid, 13% NaCl The inactivation strongly depends Complex relation between larval size and Giarratana et al. (2012)
solutions (30°C); on the larval size. Ranges for inactivation in the different marinating
(b) 5% citric acid, 5% acetic acid, 10% NaCl inactivation: solutions. No obvious trend observed
(30°C); (@) 12-17 h;
(c) 2.5% citric acid, 2.5% acetic acid, 8% NaCl (b) 21-19 h;
(30°C) (c) 22-32 h.
A. pegreffii Larvae (N=100) were added in 200 mL (@) 10%, 20% sugar, About 5days in lemon juice Treatment (a) 10% or 20% sugar is not effective  Simat and Trumbi¢ (2019)
of different marinating solutions; in (b) fresh lemon juice, (treatment (b)) and in lemon Treatments (g) using water:vinegar 1:1
triplicate (c) lemon juice plus 5%, 10%, 15% acetic acid, juice with acetic acid (treatment mixtures with either alcohol (50%); wine
(d) alcohol vinegar, (c)). (50%) or apple vinegar (50%) were not
(e) wine vinegar, 48 hin intact alcohol vinegar efficient
(f) apple vinegar, (treatment (d)).
(g) water:vinegar >18days in wine vinegar (treatment
1:1 mixtures with alcohol (50%); wine (50%), or (e)) and apple vinegar
apple vinegar (50%) at 4°C (treatment (f))
A. pegreffii Anchovies (Engraulis encrasicolus) butterfly (a) Traditional ‘carpaccio”: brining in 20% Nacl, In anchovies, the carpaccio marinade process  Simat and Trumbi¢ (2019)

Other chemical products: Natural products

Natural compounds Contracaecum sp.

A. simplex

Anisakis type |

fillets, 18 batches of 100 individual fish
spiked with 4 Anisakis larvae in four places
per fillet

Larvae in water

Larvae in 0.9% NaCl in cell culture media (i.e.
RPMI-1640) plus 20% fetal bovine serum
(FBS), pH 4.0, 95% 0,/5% CO,, 37°C

Larvae axenised in 0.9% NaCl

20 min, followed by marinating in fresh
lemon juice with 5% acetic acid and olive
oil. 7days maturation period at 4°C, and
after 30 and 60 days of storage

(b) White vinegar marinade: 1:1 wine
vinegar:water solution with 7% NaCl.
22 days maturation period at 4-8°C, and
after 30 and 60 days of storage

Larvae in solution of (a) geraniol (250 pg/mL; 125

pg/ml; 62.5 pg/ml; 31.2 pg/mL; 0 pg/mL);
(b) citronellal (250 pg/mL;, 125 pg/mL, 62.5 pg/
mL;, 31.2 pg/mL, 0 pg/mL) up to 48 h

Larvae in 0.9% NaCl, RPMI-1640 media plus 20%
FBS with (a) [10]-gingerol, (b) [6]-gingerol,
(c) [10]-shogaol, (d) [6]-shogaol, extracted
from roots of Zingiber officinale (200, 150,
100, 10, 0 pM), incubated forup to 72 h

Larvae in 0.9% NaCl with (a) nerolidol, (b)
farnesol, (c) elemol (sesquiterpenes); 125;
62.5;31.2; 0 pg/mL, incubated at 36°C in 5%
CO,upto48h

(a) [10]-gingerol, 200 uM, 72 h

At the maximum concentration 125
pg/mL, all (a, b, c) achieved 100%
mortality in 4h;

At 62.5 pg/mL, 100% mortality at 4 h
for (a) nerolidol and (c) elemol;
at31.2 pg/mL, 100% mortality at
4 h for (a) nerolidol and 80% for
farnesol (b), while elemol was
ineffective (c); order nerolidol >
farnesol > elemol

(NaCl 20%, 5% acetic acid and olive oil)
and white vinegar (water: white vinegar 1:1
and 7% NaCl) marinade was not effective

Non lineal dose-response of neither geraniol
nor citronellal. Geraniol (a), 90% mortality
with 250 pg/mL after 48 h

At 48 h, at this concentration, larval
spontaneous movements were lost

Treatments against anisakiasis; cuticular
alterations and rupture of the intestinal
wall by nerolidol, while farnesol and
elemol only damages in the cuticle;
nerolidol and farnesol, higher in vitro
activity than cuminic aldehyde, carvacrol,
citral, citronellol, eucalyptol, geraniol,
myrcene, perillaldehyde, « and § pinenes
and ocimene

Barros et al. (2009)

Lin etal. (2010)

Navarro-Moll et al. (2011)
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TABLE 7 (Continued)

Treatment Parasite

Anisakis type |

Anisakis simplex (s. )

Anisakis

Anisakis

Anisakis

Anisakis type |

Anisakis type |

Matrix

Larvae axenised in 0.9% NaCl (bioassay)

Larvae in 0.9% NaCl

Larvae in 0.9 NaCl

Larvae in marinating solutions

Larvae in seeds oil

Larvae in saline solutions and in marinating
solutions

Larvae in anchovies homogenates (Engraulis
encrasicolus)

Parameters for successful
Treatment conditions® treatments®
In bioassay, order of activity
nerolidol=farnesol>elemol

In vivo test with female Wistar rats by addition
of larvae in 0.9% NaCl with (a) nerolidol, (b)
farnesol, (c) elemol (sesquiterpenes), 46.9
mg of each compound in 0.5 mL olive oil.
Animals killed after 4 h infection. Parallel
controls

Larvae in 0.9% NaCl with (a) terpinel-4-ol (0, 0.1,
1,10 pL/mL); (b) levamisole as reference
antiparasitic drug (100 pL/mL), 24 and 48 h
exposure, incubated at 37°Ciin 5% CO,

Addition of R (+) limonene (LMN) in saline
solution (0.9% NaCl) and 0%, 0.1%, 0.5%; 1%
and 5% LMN up to 48 h

24 h with 5% LMN;
48 h with 1% and 0.5% LMN

16 h-5% LMN;
24hin 1% and 0.5% LMN

Addition of R (+) limonene (LMN) in marinating
solution [1:1 vol/vol distilled water and
vinegar (6% acetic acid), 3% NaCl, 1% citric
acid] and 0%, 0.1%, 0.5%, 1%, and 5% LMN
upto48h

Addition of R (+) limonene (LMN) in seeds oil
and 0%; 0.1%, 0.5%, 1%, and 5% LMN, up
to 7days

Addition of allyl isothiocyanate (AITC):

(a) strong marinade, [1:1 vol/vol distilled water
and vinegar (6% acetic acid), 3% NaCl, 1%
citric acid];

(b) mild marinade [3:1 vol/vol distilled water and
vinegar (6% acetic acid), 1.5% NaCl, 0.5%
citric acid];

(c) physiological saline [0.9% NaCl] and
[AITC]=0%, 0.01%, 0.05%, 0.1% in all three
(a, b, ¢) conditions, up to 400 min

LT, o, after 180-300 min in the
marinating solutions at all
[AITC]; after 300-390 min in
physiological solutions

Addition of AITC in homogenate with anchovies

(a) strong marinade [1:1 vol/vol distilled water
and vinegar (6% acetic acid), 3% NaCl, 1%
citric acid] or

(b) physiological saline [0.9% NaCl] and
[AITC]=0%, 0.01%, 0.05%, 0.1% in both (a, b)
conditions, up to 500 min

the strong solution

In both homogenates LT, after 100
with: min with 0.1% AITC; with 0.05%
AITC at about 425 min only in

Comments

Treatments against anisakiasis. Mechanism
proposed for nerolidol and farnesol:
inhibition of biosynthesis of isoprene
compounds and increase in the
permeability of the membrane; in vivo
these are less active than citral, citronellol
and perillyl aldehyde, but more active than
cuminic aldehyde, carvacrol, eucalyptol,
geraniol, myrcene, a and f pinenes and
ocimene

Treatments against anisakiasis; (a) Terpinen-
4-ol did not show any larvicidal activity

Damages in the cuticle and digestive tract

Damages in the cuticle and digestive tract

Weak effect of LMN in seeds oil (55%, 7 days)

Damage in the digestive tract

No effect at 0.01% AITC in either solution; no
effect with physiological saline at 0.05%
AITC; damage in the digestive tract

References

Navarro-Moll et al. (2011)

Gomez-Rincon
etal. (2014)

Giarratana, Muscolino,
etal. (2015)

Giarratana, Muscolino,
etal. (2015)

Giarratana, Muscolino,
etal. (2015)

Giarratana, Panebianco,
etal. (2015)

Giarratana, Panebianco,
etal. (2015)

(Continues)
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TABLE 7 (Continued)

Treatment Parasite

Anisakis type |

Anisakis (92.86% A.
pegreffii; one
hybrid between

A. pegreffiiand A.

simplex)
Anisakis (92.86% A.

pegreffii; one
hybrid between

A. pegreffii and A.

simplex)

Anisakis (92.86% A.
pegreffii; one
hybrid between

A. pegreffiiand A.

simplex)

Essential oils A. pegreffii

A.simplex (s. 1.)

Anisakis type |

Matrix

Anchovies fillets (spiked) (Engraulis
encrasicolus).

Anchovies fillets (spiked) (Engraulis
encrasicolus)

Anchovies fillets (spiked) (Engraulis
encrasicolus)

Anchovies fillets (spiked) (Engraulis
encrasicolus).

Larvae in oil (bioassay)

Larvae in 0.9% NaCl

Larvae in marinated solution

Treatment conditions®

Experimental marinating processes with:

(a) strong marinade [1:1 vol/vol distilled water
and vinegar (6% acetic acid), 3% NaCl, 1%
citric acid] and [AITC] =0%, 0.01%, 0.05%,
0.1%, or

(b) [AITC]=0.1%, 0%, in phosphate buffer (pH
6.8) and 1.5% NaCl first, rinsed up in tap
water for 3 h and then, marinated for 24 h
at 4°Cin the strong marinade solution, up
to60h

Addition of R(+) limonene [LMN]=5%, 1%, 0.5%,
0%, in marinating solution [1:1 (vol/vol) tap
water:wine vinegar (6% acetic acid), 3%
NaCl, 1% citric acid] 4°Cup to 48 h

Marinating [1:1 (vol/vol) tap water:wine vinegar
(6% acetic acid), 3% NaCl, 1% citric acid] at
4°C for 24 h, marinating solution removed,
packaging in seed oil (SO), addition of R(+)
limonene [LMN]=5%, 1%, 0.5%, 0%, 4°C up
to 20days

Addition of R(+) limonene LMN (1%, 0%),
marinating [1:1 (vol/vol) tap water:wine
vinegar (6% acetic acid), 3% NaCl, 1% citric
acid] at 4°C for 24 h, marinating solution
removed, packaging in seeds oil (SO),
addition of [LMN] =1%, 0%, (i.e. double
treatment), 4°C, up to 8days

Origanum elongatum essential oil, in vivo test
with female Wistar rats (46.9 mg/mL in 0.5
mL olive oil), killed after 4 h, control test
without essential oil

Saline solution with tea tree (Melaleuca
alternifolia) essential oil (TTO) (10, 7,5, 4, 3,
2,1,0.5,0 pL/mL, 37°Cin 5% CO,; levamisole
as reference antiparasitic drug (100 pL/mL),
24 and 48 h exposure

Larvae in marinating solution [water:vinegar 1:1;
3% NaCl; 1% citric acid] with Thymus vulgaris
essential oil (TEO) (10%, 5%, 1%, 0.5%, 0.1%,
0%) up to 120h

Parameters for successful
treatments®

(b) Pre-treated with 0.1% AITC in
phosphate saline followed by
rinsing up, and then marinated
strong, 60 h

With SO complete inactivation
occurred after 8, 10, 20days
at 5%, 1%, and 0.5% LMN,
respectively.

Inactivation on double treatment
(1% LMN) after 7 days

Dose-dependent lethal effect.
10 pL/mL, 24 h;
7 uL/mL, 48 h

Comments References

No satisfactory inactivation in industrial
marinating process, and strong mustard
flavour and odour conferred to the
fillets; absence of mustard flavour and
odour in fillets pre-treated with AITC
with phosphate saline buffer prior to
marinating process;

Damage in the digestive tract

etal. (2015)

Marinating solution with LMN was not Nalbone et al. (2022)

effective at any concentration

No differences in odour and taste sensory Nalbone et al., 2022
scores in fillets treated with 1%, and 0.5%

and control. Only 5% LMN influenced

the sensory characteristics of the fillets.

Presence of injuries proportional to

[LNM] Different behaviour as compared

to in vitro test (i.e. in larvae in solution

performed previously (Giarratana,

Muscolino, et al., 2015).

Presence of injuries. Addition of 1% LMN did Nalbone et al. (2022)
not substantially change the sensory

properties. The stability of LMN during

processing and storage and the toxicity

arising from its degradation products is

needed before considering an alternative

to freezing

Significant larvicidal activity (i.e. 1 out of 15
rats showed gastric lesions)

Alterations in oesophagus and cuticle of the
recovered larvae after experimental rats
were killed

Abattouy et al. (2010)

Goémez-Rincén
etal. (2014)

Treatments against anisakiasis; eight
compounds detected, the major one,
terpinen-4-ol (46.9%); 96% inhibition
acetylcholinesterase activity at the highest
concentration; effectiveness of TTO for
oral administration has been shown at
lower concentrations than those that have
proven to be toxic

Main components of TEO: thymol, linalool, Giarratana et al. (2014)
carvacrol, alfa pinene, beta pinene and the
remaining, terpenic compounds; no effect

with TEO in marinated solution

Giarratana, Panebianco,
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TABLE 7 (Continued)

Treatment Parasite

Anisakis type |

Anisakis type |

Anisakis type |

Anisakis type |

Anisakis type |

Anisakis type |

Anisakis type |

A. simplex

Matrix

Larvae in oil

Larvae in 0.9% NaCl

Larvae in marinate solutions

Larvae in oil

Larvae in 0.9% NaCl

Larvae in marinate solution

Larvae in sunflower seeds oil

Naturally parasitised blue whiting
(Micromesistius poutassou). Fish were
gutted, washed and placed in glass
containers

Treatment conditions®

Larvae with Thymus vulgaris essential oil (TEO)
(10%, 5%, 1%, 0.5%, 0.1%, 0%) in sunflower
seeds oil

Larvae in a saline solution (0.9% NaCl) with
Tagetes minuta essential oil [TEO] =0%,
0.1%, 0.5%, 1.0%, 5.0%, room temperature
upto20h

Larvae in an industrial marinating solution
[water:vinegar 1:1; 3% NaCl; 1% citric acid]
with Tagetes minuta essential oil [TEO]=0%,
0.1%, 0.5%, 1.0%, 5.0%, room temperature
upto6h

Larvae in sunflower seeds oil with Tagetes
minuta essential oil (TEO) in sunflower seeds
oil with [TEOQ]=0%, 0.1%, 0.5%, 1.0%, 5.0%,
room temperature, up to 48h

Larvae in saline solution with Nepeta cataria
essential oil (catmint) [CEO]=0%, 0.1%, 0.5%,
1%, 5%, 10% up to 30 h, room temperature

Larvae in marinating solution (water/vinegar
1:1, 3% NaCl, 1% citric acid) with Nepeta
cataria essential oil (catmint) [CEO]=0%,
0.1%, 0.5%, 1%, 5%, 10% up to 48 h, room
temperature

Larvae in sunflower seeds oil with Nepeta cataria
essential oil (catmint) [CEQ]=0%, 0.1%, 0.5%,
1%, 5%, up to 120 h, room temperature

Fish placed in glass containers covered with
each essential oil solutions. The containers
were closed and kept for 24 h at 4°C.

Essential oils:

(a) Spanish lavender essential oil (Lavandula

stoechas),

(b) lavender (Lavandula spica) EO,

(c) marjoram (Origanum majorana) EO,

(d) oregano (Origanum vulgare) EO,

(e) rosemary (Rosmarinus officinalis) EO,

(f) cumin (Cuminum cyminum) EO,

(g) thyme (Thymus vulgaris) EO.

They were diluted in 5% v/v in olive oil.

(h) Controls in parallel

Parameters for successful

treatments®

TEOQ in sunflower seeds oil at LT
at 10% and 5% after 7 and 14 h,
respectively; at 1% after 96 h, at
0.5% and 0.1% at 120 h

Complete inactivation after 2 h in
saline solution with 5% and 1%
of TEO. At 0.5% and 0.1% TEO,
complete mortality was reached
at4and 20h, respectively

Complete inactivation after 4 h at
5% TEO, and 6 h at 1%, 0.5%,

0.1% TEO

16 h, 5% TEO;
24 h, 1%TEO;
36 h, 0.5% TEO;
48 h,0.1% TEO

0.1%, 30 h;
1%, 24 h;
5%, 12 h;
10%, 6 h

0.1% and 0.5%, 48 h;
1%, 36 h;
5%, 18 h;
10%, 12 h

10%, 48 h
5%, 120 h

Comments

Damages in the cuticle and digestive tract

Interruption of the digestive tract and injuries
in the cuticle; 10 compounds detected in
TEO, the main is f ocimene followed by
limonene and (Z)-tagetone. More effective
than Thymus vulgaris and Nepeta cataria
essential oils

Interruption of the digestive tract and injuries
in the cuticle; 10 compounds detected in
TEO, the main is p ocimene followed by
limonene and (Z)-tagetone. More effective
than Thymus vulgaris and Nepeta cataria
essential oils

Interruption of the digestive tract and injuries
in the cuticle; 10 compounds detected in
TEO, the main is f ocimene followed by
limonene and (Z)-tagetone. More effective
than Thymus vulgaris and Nepeta cataria
essential oils

Fifteen compounds were detected in
the essential oil. Larvicidal activity
proportional to EO concentration; damage
of digestive tract

Fifteen compounds were detected in
the essential oil. Larvicidal activity
proportional to EO concentration; damage
of digestive tract

Fifteen compounds were detected in
the essential oil. Larvicidal activity
proportional to EO concentration; damage
of digestive tract

Drop in survival rate but not complete
mortality with any of the EO; O. vulgare
the highest mortality rate (53.9%) in 24
h. 60%-80% of the larvae escaped the
muscle

References

Giarratana et al. (2014)

Giarratana, Muscolino,
Ziino, Giuffrida,
etal. (2017)

Giarratana, Muscolino,
Ziino, Giuffrida,
etal. (2017)

Giarratana, Muscolino,
Ziino, Giuffrida,
etal. (2017)

Giarratana, Muscolino,
Ziino, Lo Presti,
etal. (2017)

Giarratana, Muscolino,
Ziino, Lo Presti,
etal. (2017)

Giarratana, Muscolino,
Ziino, Lo Presti,
etal. (2017)

Gomez-Mateos Pérez
etal. (2017)

(Continues)
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TABLE 7 (Continued)

Treatment Parasite Matrix

A. simplex Larvae which survived the in vitro trials after
exposure to different essential oils; in vivo
test (bioassay)

A. simplex Larvae in 0.9% NaCl

Anisakis type | Anisakis larvae in marinating solutions
Anisakis type | Larvae in 0.9% NaCl

Contracaecum sp. 10 larvae in oil, in duplicate, estimated total

of 120 larvae

Treatment conditions®

In vivo test by infection to female Wistar rats
with surviving larvae from in vitro trials
after exposure to essential oils (i.e. larvae
that were in the muscle or escaped to the
container). Tested essential oils:

(a) Spanish lavender essential oil (Lavandula
stoechas),

(b) lavender (Lavandula spica) EO,

(c) marjoram (Origanum majorana) EO,

(d) oregano (Origanum vulgare) EO,

(e) rosemary (Rosmarinus officinalis) EO,

(f) cumin (Cuminum cyminum) EO,

(g) thyme (Thymus vulgaris) EO.

(h) Controls in parallel. Animals were killed after
4 h infection. Larvae were mixed with 0.5
mL water

Larvae in 0.9% NaCl with Origanum syriacum
essential oil 0-1 mg/mL, at 24 and 48 h

Larvae in marinating solution [1:1 (vol/vol)
water:vinegar, 3% NaCl, 1% citric acid]
and different concentrations of essential
oils: (a) roots of Ulvaria sheffleri, (b) fruits
of Zanthoxylum chalybeum and (c) Vepris
dainelli (5%, 1%, 0.5%, 0.1%, 0%) for up to
24 h

Larvae in 0.9% NaCl with Thymus zygis subsp.
gracilis essential oil (0, 0.01%, 0.05%, 0.1%)
up to 24 h at room temperature

Larvae in oil with Ginger oil (Zingiber officinale)
(400, 200, 100, 50, 25, 0 p/mL) for 12, 24 and
32 hat27-30°C

Parameters for successful
treatments®

The parasites did not penetrate
the digestive tract wall in
the following cases: Spanish
lavender (muscle, container);
cumin (muscle, container);
lavender (muscle); marjoram
(container); oregano (muscle,
container)

0.125 mg/mL, 24 h

Dose-dependent larvicidal activity,

ISP for (Z. chalybeum (b),
U. sheffleri (a) and V. dainelli
(c) 3 h,5hand 5h for 5%

concentrations, respectively

0.1%, 60 min;
0.05%, 120 min;
0.01%, 240 min

Calculated mortality: 295 p/mL for
32h (Cly,)

Comments References

The parasites only penetrated the digestive Gomez-Mateos Pérez
tract wall in five cases (11.4%) etal. (2017)

Essential oil composed primarily by oxygen- Lopez et al. (2019)

containing monoterpenes, with carvacrol
as the most abundant (82.6%). Inhibition
of acetylcholinesterase activity; loss of
agar penetrative capacity after 1 h at the
LC,, concentration

Essential oils obtained from U. scheffleri Anza etal., 2021
roots, Z. chalybeum and V. dainelli fruits
contained a total of 58, 18 and 20 chemical
constituents. Tricyclo [5.3.0.0(3, 9)]
decane was identified to be the principal
constituent in the essential oils of Z.
chalybeum and V. dainelli.
Weak cytotoxicity of essential oils at low
concentrations

A total of 84 components identified, the major  Bouymajane et al. (2022)
components being p-cymene, thymol,
carvacrol, and gamma terpinene. Lesions
in the cuticle, interruptions of digestive
tract

Pavanelli et al. (2018)
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TABLE 7 (Continued)
Treatment Parasite
Essential oils Anisakis type |

and natural
compounds
Anisakis type |

A.simplex (s. s.) (54%);
A. pegreffii (29.2%);
hybrid band
pattern (14.1%)

A. simplex (s. s.) (54%);
A. pegreffii (29.2%);
hybrid band
pattern (14.1%)

A. simplex

A.simplex

Matrix

Larvae axenised in 0.9% NaCl

Larvae axenised in 0.9% NaCl (bioassay)

Axenised larvae in 0.9% NaCl

Larvae in olive oil (bioassay)

Larvae in 0.9% NaCl

Larvae in 0.9% NaCl

Treatment conditions®

Larvae in 0.9% NaCl with (a) Matricaria

chamomilla essential oil (EO), (b) a-bisabolol

or (c) Chamazulene at 125 pg/mL, 62.5 pg/
mL, 31.2 pg/mL, 0 pg/mL, incubated at 36°C
in 5% CO,upto 48 h

In vivo test with female Wistar rats by addition
of larvae with (a) Matricaria chamomilla EO
or (b) a-bisabolol (46.9 mg) in 0.5% olive oil,
control group

Larvae in 0.9% with (a) pepermint (Mentha
piperita) essential oil (250 pg/mL and 187.5
pg/mL up to 48 h); (b) menthyl acetate,

(c) menthone and (d) menthol, at 250 pg/
mL, 187.5 ug/mL, 125.0 pg/mL, 62.5 pg/mL,
31.2 pg/mL, 0 pg/mL, incubated at 36°Cin
5% CO, up to 48 h. (e) abendazole at 0.5, 1
mg/mL

In vivo test with female Wistar rats by addition
of larvae with (a) Pepermint (Mentha
piperita) essential oil, (b) menthyl acetate,
(c) menthone (49.5 mg/0.5 mL olive oil).
Animals killed after 4 h infection. 5,4 mg/
150 g body weight abendazole. Parallel
controls

Larvae in 0.9% with:

(a) Myristica fragans (nutmeg) extract (0.1-0.7
mg/mL); (b) myristicin (0.1, 1, 2 mg/mL),
incubated at 37°Ciin 5% CO, up to 48 h.
Levamisole (0.1 mg/mL, 1 mg/mL, 2 mg/mL)
as reference antiparasitic drug

Larvae in 0.9% with (a) Origanum compactum EO,

(b) carvacrol, (c) thymol at 0-1 mg/mL, at
37°Cupto48h.

Parameters for successful
treatments®

(a) With Matricaria chamomilla EO,
125 pg/mL, 100% mortality
at4h;

(b) a-bisabolol complete mortality at
all concentrations

Pepermint essential oil, 250 pg/mL
in4h

Menthol, 250 pg/mL and 187 pg/
mLin4h

These compounds (a, b, ¢) did not
induce irritative effects in the
tissues of the rats. No lesions
in the gastrointestinal tract, no
larvae attached

Some larvae were recovered alive
after necropsy of the rats.

The viability of these larvae
was reduced in 4 h after their
extraction from the rats

Levamisole 0.1 mg/mL, 24 h

Origanum compactum EO, 1 mg/
mL24h
Carvacrol, thymol 1 mg/ml after 24 h

Comments

130 compounds detected in essential oil. Main
compounds E-p-farnesene, a-bisaboloxide
B, a-bisabolol, chamazulene, bisaboloxide
A.Treatments against anisakiasis; changes
in larval cuticle, muscle cells and digestive
tract with EO or bisabolol; (c) chamazulene
was not effective

Treatments against anisakiasis. 23.9% and 4.4%
larvae were dead in the case of rats treated
with EO and a-bisabolol but only 2.2% of
animals treated with EO and 5.5% with a-
bisabolol showed gastric lesions vs. 93.3%
controls, thus EO induced reduction in the
L3 infective capacity. Very low toxicity of
M. chamomilla EO

Main components of essential oil, menthyl
acetate, menthone and menthol. No effect
of menthone and menthyl acetate at 48
h. No activity of abendazole. Cuticle and
digestive tract alterations of larvae

Four main compounds: myristicin, myristic
acid, terpinen-4-ol, methoxyeugenol.
The highest mortality rate was 92% with
Myristica fragans, 0.7 mg/mL, 24 h

Low lethal effect of myristicin (b). No inhibition
of acetylcholine esterase enzyme
activity (mechanism of action for other
anthelmintic drugs)

O. compactum EO is characterised by eight
chemical compounds accounting for
93.6% of the total composition. Major
components, phenol carvacrol, thymol,
gamma-terpinene, p-cymene. All (EO
and isolated compounds) have inhibitory
effect of the acetylcholin esterase activity.
The penetration rate in agar decreased
25% for treated larvae with sublethal
doses of the oil

References

Romero et al. (2012)

Romero et al. (2012)

Romero et al. (2014)

Romero et al. (2014)

Lépezetal. (2015)

Lopezetal. (2018)

(Continues)
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TABLE 7 (Continued)

Treatment Parasite

Plant extracts

Anisakis type |

Anisakis type |

Anisakis type |

Anisakis type |

Anisakis type |

Anisakis type |

Matrix

Larvae in olive oil enriched with 5% natural
plants and spices

Anchovies fillets (spiked) (Engraulis
encrasicolus)

Larvae in olive oils enriched with 5% spices

Anchovies fillets (spiked) (Engraulis
encrasicolus) in marinating solution

Larvae in olive oils flavoured with natural
plants and spices

Anchovies fillets (spiked) (Engraulis
encrasicolus)

Treatment conditions®

Larvae immersed in olive oil enriched with (a)
cumin (Cuminum cyminum), (b) turmeric
(Curcumalonga), (c) clove (Syzygium
aromaticum), (d) thyme (Thymus vulgaris),
(e) lemon zest (Citrus limon) (5%), and (f)
control, at room temperature up to 15days

Anchovies in marinating solution [1:1 (vol/
vol) distilled water:vinegar (6% acetic
acid), 3% NaCl, 1% citric acid, 24 h at room

temperature] and 4 days in enriched olive oil
with (a) turmeric, (b) cumin (5%) and control,

at room temperature up to 9days

Larvae immersed in Tunisian enriched olive oil
with (a) cardamom (CaFO), (b) cinnamon
(CiFO), (c) ginger (GiFO), (d) laurel (LaFO),
(e) rosemary (RoFO) (5%) and (f) control, at
room temperature (20°C) for up to 15 days

Anchovies in marinating solution [1:1 (vol/
vol) distilled water:vinegar (6% acetic
acid), 3% NaCl, 1% citric acid, 24 h at room
temperature] and 4days in enriched olive
oil with Tunisian enriched olive oil with (a)
cinnamon (CiFO) and (b) rosemary (RoFO)
(5%) in the anchovy marinating process.
First, marinated at 4°C and then, in oil at
20°Cup to 7days

In vitro larvicidal activity of olive oil flavoured
with (a) cumin (Cm-FOO) or (b) with a

mixture with lemon, parsley and fresh garlic

(10%) (Mix-FOO), 20°Cup to 24 h

Anchovies in marinating solution for 24 h [1:1
(vol/vol) distilled water:vinegar (6% acetic

acid), 3% NaCl, 1% citric acid] at 4°C, covered
with either (a) Cm-FOO or (b) Mix-FOO (10%)

and maintained at 20°C

Parameters for successful
treatments®

Turmeric (b) and cumin (a) oils
are the most effective (6 and
7.7 days, respectively); the rest
also have good nematicidal
action at 11 days (lemon oil),
13 days (thyme oil) and 14 days
(clove oil)

Cumin olive (b) the most effective,
i.e. complete inactivation at
5days; (a) turmeric, at 9days

In vitro, LT, at 3days for CiFO (b);
7.9days for RoFO (e),

12.5days for LaFO (d),

14.9 days for CaFO (a),

15.6days for GiFO (c)

4days for CiFO (a), 7 days for RoFO (b)

24 h in both conditions

8days Cm-FOO (a), 10days Mix-FOO

(b)

Comments

Complex chemical composition and

References

The major compounds of the different spices:  Trabelsi et al. (2018)

In ‘cumin olive oil’: B-pinene, y-terpinene,
p-cymene, and cumin aldehyde; ‘turmeric
olive oil”: 1,8-cineole, a-phellandrene and
p-cymene; ‘thyme olive oil: p-cymene,
carvacrol and y-terpinene; ‘clove olive oil":
eugenol, p-caryophyllene. ‘lemon olive
oil:limonene, p-pinene and y-terpinene.
The different types of lesions are related to
the different active components

No significant change in typical taste for either  Trabelsi et al. (2018)

oil tested. The odour was pleasant for
panellists, but more intense for cumin oil
as compared to turmeric oil. More evident
changes in colour for turmeric oil, no
modifications in colour with cumin oil.
Considering the long shelf life 120 days,
the complete inactivation in 5-9days
suggests it could be an alternative to
freezing

The major compounds: cinnamon olive oil: (E)-  Trabelsi et al. (2019)

cinnamaldehyde, 1,8-cineole, a-pinene;
cardamom-flavoured olive oil: 1,8-cineole
and a-terpinyl acetate; rosemary-
flavoured olive oil: 1,8-cineole, a-pinene,
camphor, camphene; ginger flavoured oil:
camphene, limonene, citral, n-dodecane,
zingiberene; olive oil flavoured with
laurel: 1,8-cineole, linalool, B-pinene,
a-pinene. Lesions observed in parasites,
interruptions of the digestive tract and
cuticle damage

Odour in CiFO was just perceptible only after Trabelsi et al. (2019)

14 days while taste was less influenced;
RoFO on the odour and taste was stronger;
lesions observed in parasites, interruptions
of the digestive tract and cuticle damage

Trabelsi et al. (2021)
antioxidant potential of olive oils.

Lesions in the cuticle, interruptions of the

digestive tract

Good sensory acceptability with no differences Trabelsi et al. (2021)

between FOOs and control groups
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TABLE 7 (Continued)

Abbreviations: [], concentration; Cly; 95% confidence interval; FBS, Fetal Bovine Serum; LC,, lethal concentration 50 or concentration that causes 50% inactivation; LT, lethal time for complete i.e. 100% inactivation; MPa, megapascal; MW, megawatt;
NaCl, Sodium chloride; RPMI-1640, cell culture medium, i.e. Roswell Park Memorial Institute medium; RT, room temperature; SEM, scanning electron microscopy; W, Watt.

Natural products: AITC, allylisothiocyanate; CaFO, Tunisian enriched olive oil with cardamom; CiFO, Tunisian enriched olive oil with cinnamon; Cm-FOO, olive oil flavoured with cumin; EO, essential oil; FOO: flavoured olive oil. GiFO, Tunisian enriched
olive oil with ginger; LaFO, Tunisian enriched olive oil with laurel; LMN, R(+) Limonene; Mix-FOO, olive oil flavoured with a mixture with lemon, parsley and fresh garlic (10%); RoFO, Tunisian enriched olive oil with rosemary; SO, seed oil; TEO, Tagetes
minuta essential oil; TTO, tea tree essential oil.

*Most of the studies are performed in laboratory conditions, which implies, without a few exceptions, a relatively low to medium total larval size for the whole experiment, and with typically from 5 to 35 larvae per assayed condition per experiment
(see Section 3.3.2.5). Details can be found in the original references.

PParameters rendering 100% (except stated otherwise in the comments column) inactivation in the in vitro assay s(except stated otherwise in the comments column). In the case of bioassays, a brief mention of the changes in the experimental animals
is depicted.

“Not included in EFSA BIOHAZ Panel (2010).
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3.3.7 | Concluding remarks for TOR3

AQ3: What technical developments and new scientific data for inactivation and/or removal of viable parasites (identified in the
answer to ToR1) in fishery products, in particular treatments other than freezing, have been described since the EFSA BIOHAZ 2010
scientific opinion?

» Treatments to inactivate nematodes of the family Anisakidae (mostly for Anisakis spp.) in fishery products are being ac-
tively researched, but there are limited data for cestodes and trematodes.

» The end point used in most of the inactivation studies is larval loss of mobility. There are new high-throughput tech-
nological/instrumental solutions to observe mobility, but their use has been limited for the parasites covered in this
opinion. Other in vitro tools related to larval behaviour and physiology are becoming available and may be used to
characterise parasite infectivity.

« To date, freezing and heating continue to be the most efficient methods to kill Anisakis larvae in fishery products when
applied under well-defined conditions.

« New data on the thermalinactivation of A. simplex (s. s.) and Anisakis type | L3 in model systems heated in quasi-isothermal
conditions suggest a negative exponential relationship between lethal times and temperature. The susceptibility of
Anisakis larvae (A. simplex (s. s.) to isothermal lethal conditions could be described by the Weibull model. However, the
actual lethal time/temperature combinations vary between experiments/species, and more data are needed both in
model systems and fish products.

« New reports on microwave heating have shown Anisakis larvae inactivation in fishery products at microwave conditions
that achieved temperatures ranging from 60 to 76°C with exposure times of 5 min to 30 s, well within the temperature/
time range known to thermally inactivate these nematodes. However, the lack of temperature homogeneity throughout
the food inherent to this technology should be considered.

« Traditional dry salting processes of anchovies successfully inactivated Anisakis. Studies on other traditional processes
such as air-drying of Arctic migrating cod (‘stockfish’) and double salting (salting in brine plus dry salting) of anchovies
and cod (‘baccala’), also suggest that anisakids are successfully inactivated. However, more data covering these and other
parasites in more fish species and products is required to determine if these processes are always effective.

« As some high-pressure processing (HPP) pressure/time combinations reported corresponding to those commercially
used for food products are successful in killing Anisakis larvae and maintaining the sensory characteristics of the fish, HPP
could be used for specific fish products.

» Pulsed electric field is considered a promising technology to inactivate Anisakis in fish products, but it needs further
development before application.

« Natural products (natural compounds, essential oils, plant extracts) have been applied to inactivate anisakids in food,
but data on safety (toxicity) and organoleptic properties are lacking.

« The results obtained with ultrasound treatment suggest that this method is not successful in killing Anisakis.

« The marinade combinations with anchovies fillets have not proven successful despite in vitro solution-based studies
with isolated larvae have shown some effect.

« Advanced processing techniques for intelligent cutting, which include gutting and trimming operations are becoming
available and their implementation could have a significant impact on assuring the provision of parasite-free products to
consumers. Other strategies for the removal of parasites by chemical procedures are still in the proof-of-concept phase.

4 | CONCLUSIONS
EFSA was requested to review and assess:

ToR1. The occurrence of parasites of public health importance in fishery products derived from the most relevant
farmed fish species in the EU (in particular, but not limited to, Atlantic salmon, seabass, farmed seabream and turbot).

AQ1: What is the occurrence of parasites of public health importance in fishery products derived from the most relevant farmed
finfish species in the EU/EFTA?

o The most relevant farmed finfish species in the EU/EFTA, based on production and consumption data, are Atlantic
salmon, rainbow trout, gilthead seabream, European seabass, Atlantic bluefin tuna, turbot, meagre, Atlantic cod, Atlantic
halibut and greater amberjack in marine farming systems; and rainbow and brown trout, common carp, European and
African catfish, European eel, tench and pikeperch in freshwater fish farming.

» The parasites of public health importance occurring in the wild and with which farmed fish produced in EU/EFTA aqua-
culture could be infected, include:

« in the marine environment the nematodes A. simplex (s. s.), A. pegreffii, Phocanema decipiens (s. .) and Contracaecum
osculatum (s. l.) as well as the trematode Cryptocotyle lingua;

« in freshwater systems the trematodes Opisthorchis felineus, Metorchis spp., Pseudamphistomum truncatum,
Paracoenogonimus ovatus and the cestode Dibothriocephalus spp.
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» The experts consider it to be 99%-100% certain (almost certain) that fish produced in recirculating aquaculture systems
(RAS), or indoor or roofed facilities with filtered and/or treated water intake and exclusively fed with heat treated feed,
are not exposed to zoonotic parasites. In contrast, fish farmed in marine offshore cages or flow-through freshwater
ponds or tanks are exposed to zoonotic parasites. However, to date there is no published evidence of infection in mar-
ket quality Atlantic salmon and marine rainbow trout. There is similarly no published evidence of infection in gilthead
seabream, turbot, meagre, Atlantic halibut, common carp or European catfish. Studies have not been published for
brown trout, African catfish, European eel and pikeperch.

» The published data currently available provide evidence of infection with zoonotic parasites in sea-caged European sea-
bass (A. pegreffii, A. simplex (s.s.)), Atlantic bluefin tuna (A. pegreffii, A. simplex (s.s.)) and Atlantic cod (C. lingua, A. simplex
(s.1.), as well as tench farmed in open pond systems (Pseudamphistomum truncatum and Paracoenogonimus ovatus).

» Due to the lack of representative data, it is not possible to make informative estimates of the prevalence or the abun-
dance of those parasites, that are considered to be of public health importance, for all fish species, farming systems and
production area in the EU/EFTA.

ToR2: Diagnostic methods for the detection of parasites of public health importance in fishery products from such
farmed fish species.

AQ2: What testing methods are currently available and may be available in the near future to test the fish species for the par-
asites identified in the answer to ToR1?

« Since the last EFSA opinion (EFSA BIOHAZ Panel, 2010), some methods such as UV-press and artificial digestion methods
developed into ISO standards, whereas new technologies and methodologies have been developed for the detection,
visualisation and isolation of zoonotic parasites in fish products and for the specific identification of the isolated parasites.

« New UV-scanning devices have been developed and are in use for the detection of Anisakis in fishery products. Novel
optical (hyperspectral) sensing methodologies have also been developed and have found limited application in the
industry, but further development and validation are required.

» The molecular identification of isolated parasites from fishery products has been significantly improved by the appli-
cation of PCR-amplification and sequencing methods targeting both nuclear and mitochondrial sequences in the par-
asites. These genetic/molecular approaches (applied together with the use of microscopic identification techniques)
should be regarded as the most reliable identification methods.

« OMICs (genomics, metagenomics, transcriptomics, and proteomics) generated data are a useful resource for the selec-
tion of further molecular/genetic markers to be used for the identification and characterisation of zoonotic parasites.

« The application of artificial intelligence and machine learning algorithms in image and video processing are also being
tested for the high throughput detection and identification of parasites in fish.

ToR3. Technical developments and new scientific data available in relation to killing viable parasites of public health
importance in fishery products, in particular treatments other than freezing.

AQ3. What technical developments and new scientific data for inactivation and/or removal of viable parasites (identified in
the answer to ToR1) in fishery products, in particular treatments other than freezing, have been described since the EFSA BIOHAZ
2010 scientific opinion?

» To date, freezing and heating continue to be the most efficient methods to kill Anisakis larvae in fresh fishery products.

« In model systems attempts to quantitatively characterise the thermal inactivation have shown that a negative exponen-
tial relationship exists between lethal times and heating temperature. The susceptibility of Anisakis larvae to isothermal
lethal conditions could be described by the Weibull model. However, the actual lethal combinations vary among studies
and parasite species, and more data are needed both in model systems and real food products.

« Traditional dry salting processes of anchovies successfully inactivated Anisakis. Studies on other traditional processes
such as air drying of Arctic migrating cod (‘stockfish’) and double salting (salting in brine plus dry salting) of anchovies
and cod (‘baccala’), also suggest that anisakids are successfully inactivated. However more data covering these and other
parasites in more fish species and products is required to determine if these processes are always effective.

» Most of the studies on other inactivation methods have reported killing the parasites under defined laboratory condi-
tions but further research is required to verify these findings especially under commercial conditions. In particular, pres-
sure/time combinations used in industrial high pressure processing (HPP) could be applied in some specific products,
and pulsed electric field (PEF) is considered a promising technology, although further development is needed. Also, the
use of natural products could have some applications but data on safety and organoleptic properties is lacking.

« Ultrasound treatment, and marinade combinations with anchovies fillets, have not proven successful, despite in vitro
solution based studies with isolated larvae that have shown some effect.

« Advanced processing techniques for intelligent gutting and trimming operations could have a significant impact on
removing parasites from fish in the future.
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5 | RECOMMENDATIONS

« When available, information on the fish origin (farmed or wild) should be included in the RASFF notifications on parasites
in fishery products.

« A baseline survey should be undertaken at the processing stage to address the data gaps on the occurrence of zoonotic
parasites in fish species which are commonly produced in open systems. More regular epidemiological studies should
be undertaken, especially of fish species exempt from freezing.

« I1SO methods such as I1SO 23036-1:2021 (UV- press) and 1SO 23036-2:2021 (artificial digestion) should be used for the de-
tection of parasites in fisheries products in official control programmes.

» Methods to visualise and isolate parasites must be complemented whenever possible by molecular methods for parasite
identification (e.g. sequencing of nuclear and mitochondrial DNA gene loci).

« Further research and development should focus on:

o For detection methods:

improvement of real time non-destructive (e.g. optical sensing methods) or destructive (UV-press) automatic para-
site detection systems with higher samples throughput;

- validation of molecular detection methods using multiple markers for the accurate identification of the parasite at
species level;
generation of more OMICs-based data (e.g. genomics, metagenomics, transcriptomics and proteomics), focus-
ing on all the zoonotic parasites for the selection of markers to be used for their detection, identification and
characterisation.

o For inactivation methods:

- further predictive modelling approaches on anisakids, e.g. on thermal inactivation to provide safe cooking pro-
cesses with minimal impact on the product quality, should be done (e.g. by coupling the momentary isothermal
survival rate and the time-temperature profiles within the sample fish matrix, either known or modelled by using
heat transfer simulation tools);

« treatments to kill cestodes and trematodes;

- further development of high-throughput phenotypic screening methods to assess parasites infectivity;

- as above, generation of more OMICs-based data to select markers for inactivation studies;

optimisation of inactivation treatments for individual fishery preparations.

ABBREVIATIONS

AITC Allylisothiocyanate

AQ Assessment question

ARMS-PCR Amplification-refractory mutation system-PCR

BIOHAZ Biological Hazards

CaFO Tunisian enriched olive oil with cardamom

Clys 95% Confidence Interval

CID Collision-induced dissociation

CiFO Tunisian enriched olive oil with cinnamon

Cm-FOO Olive oil flavoured with cumin

COMEXT Eurostat reference database for international trade in goods
CRISPR-Cas9 Clustered regularly interspaced palindromic repeats -Cas9 technology
cT Computed tomography

DNA Deoxyribonucleic acid

EA Extra-gastrointestinal or ectopic anisakiasis

EC European Commission

ECDC European Centre for Disease Prevention and Control

EF Elongation factor

EFSA European Food Safety Authority

EFTA European Food Trade Association

ELISA Enzyme-linked immunosorbent assay

ENA European Nucleotide Archive

EO Essential oil

ESP Excretory/Secretory products

EU European Union

EUMOFA European market observatory for fisheries and aquaculture products
EURL European Reference Laboratory

EUROSTAT Statistical office of the European Union
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EVs
FAO
FBS
FCCP
FHF
FOO
GA
GAA
GiFO

Extracellular vesicles

Food and Agriculture Organisation
Foetal bovine serum

Carbonyl cyanide 4-trifluoromethoxy
Norwegian Seafood Research Fund
Olive oil flavoured

Gastric anisakiasis

Gastro-allergic anisakiasis

Tunisian enriched olive oil with ginger

GLOBEFISH-FAO Multi-donor funded project within the FAO Fisheries Division

HPLC
HPP

HS

1A

lg

ILT

ITS

KCL
LaFO
LAMP
LC

LCso
LC-ESI-MS
LC-MS
LMN
LOD
LT100
LTQ xL™
LWE
MALDI-TOF MS
min
Mix-FOO
MPa
MRI

MS
mtDNA
Mw

NA
NaCl
NCBI
NE
NGS
NPV
PCR
PEF
PRM
qPCR
RAS
RASFF
rDNA
RFLP
RoFO
RPA
RPMI-1640
RT

s.l.

S.S.
SEM
SNP

SO
Spp.
SQ

High-performance liquid chromatography
High pressure processing

Hyperspectral

Invasive anisakiasis

Immunoglobulin

Infrared light locomotion

Internal transcribed spacers

Potassium chloride

Tunisian enriched olive oil with laurel
Loop-mediated isothermal amplification
Liquid chromatography

Lethal concentration 50, or concentration that causes 50% inactivation
Liquid chromatography-electrospray ionisation-mass spectrometry

Liquid chromatography-mass spectrometry
R(+) Limonene

Limit of detection

100% Lethal time

LTQ XL™ Linear ion trap mass spectrometer
Live weight equivalent

Matrix assisted laser desorption ionisation-time of flight mass spectrometry

minute

Olive oil flavoured with a mixture with lemon, parsley, and fresh garlic (10%)

Megapascal

Magnetic resonance imaging

Mass spectrometry

mitochondrial DNA

Megawatt

Non available

Sodium chloride

National Center for Biotechnology Information
Northeast

Next generation sequencing

Negative predicted value

Polymerase chain reaction

Pulsed electric fields

Parallel reaction monitoring

quantitative PCR

Recirculating aquaculture system

Rapid alert system for food and feed
ribosomal DNA

Restriction fragment length polymorphism
Tunisian enriched olive oil with rosemary
Recombinase polymerase amplification
Roswell Park Memorial Institute cell culture medium
Room temperature

sensu lato

sensu stricto

Scanning electron microscopy

Single nucleotide polymorphism

Seed oil

species

Subassessment question
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SSRs Simple sequence repeats

syn. synonym

DT Thermal death time

TEO Tagetes minuta essential oil

T™T Tandem mass tag

ToR Term of reference

TTO Tea tree (Melaleuca alternifolia) essential oil
UK United Kingdom

us ultrasound

uv Ultraviolet

UV-Press Ultraviolet press

W Watt

WG working group
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ANNEX A

Protocol for the re-evaluation of certain aspects of the EFSA Scientific Opinion of April 2010 on risk assessment
of parasites in fishery products, based on new scientific data. Part 1: ToRs1-3
Annex A can be found in ‘supporting information’ section in the online version of this output.

ANNEX B

Data on notifications of parasites in food products from 01 January 2010 to 31 December 2023 extracted from
the Rapid Alert System for Food and Feed (RASFF platform)
Annex B can be found in ‘supporting information’ section in the online version of this output.

ANNEX C

Data on human outbreaks and related human cases caused by Anisakis during the period extracted from the
EFSA zoonoses and food-borne outbreaks database
Annex C can be found in ‘supporting information’ section in the online version of this output.

ANNEX D

Data on consumption of fish products during the period 01 January 2010 to 31 December 2023 extracted from
the EFSA Comprehensive Food Consumption Database

Annex D can be found in ‘supporting information’ section in the online version of this output.

ANNEX E

Literature searches and search strategy
Annex E can be found in ‘supporting information’ section in the online version of this output.
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APPENDIX A

Production volume (tonnes), per capita apparent consumption and common farming and feeding practices of the most important farmed finfish species in Europe, by

entity (EU) or country

TABLE A.1 Production volume (tonnes), per capita apparent consumption and common farming and feeding practices of the most important farmed finfish species in Europe, by entity (EU) or country.

Marine Atlantic salmon

Salmo salar

Linnaeus, 1758

EU: 14,900, with 86%
produced in Ireland

Norway: 1,546,000

Iceland: 47,000

Faroe Islands: 95,000

EUMOFA Fish market report
(EC DG-MARE, 2023)
EUMOFA species profile:
Atlantic salmon
https://www fiskeridir.no/Engli
sh/Aquaculture/Statistics/
Booklets
https://www.statice.is/publi
cations/news-archive/fishe
ries/aquaculture-2021/
https://www.faroeseseafood.
com/fishery-aquaculture/
stats/stats-2021
https://www.seafish.org/seafo
od-in-numbers/aquaculture/

Salmon: 2.6 kg

(94.4%)

Freshwater RAS or

flow-through
hatchery tanks

Closed

freshwater
tanks

Offshore sea

cages

live feed

Artificially reared  Heat-treated

pelleted
feed®

https://www.fao.org/fishe
ry/en/culturedspecies/
salmo_salar/en
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https://eumofa.eu/documents/20124/35695/Atlantic+salmon_31-1.pdf/c55c6049-6891-4c21-ae19-eb502a85cf51?t=1670842035514
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.statice.is/publications/news-archive/fisheries/aquaculture-2021/
https://www.statice.is/publications/news-archive/fisheries/aquaculture-2021/
https://www.statice.is/publications/news-archive/fisheries/aquaculture-2021/
https://www.faroeseseafood.com/fishery-aquaculture/stats/stats-2021
https://www.faroeseseafood.com/fishery-aquaculture/stats/stats-2021
https://www.faroeseseafood.com/fishery-aquaculture/stats/stats-2021
https://www.seafish.org/seafood-in-numbers/aquaculture/
https://www.seafish.org/seafood-in-numbers/aquaculture/
https://www.fao.org/fishery/en/culturedspecies/salmo_salar/en
https://www.fao.org/fishery/en/culturedspecies/salmo_salar/en
https://www.fao.org/fishery/en/culturedspecies/salmo_salar/en

PARASITES IN FISHERY PRODUCTS, PART 1

83 of 86

TABLE A.1 (Continued)
Fish species Production volume
common name, (tonnes) by entity or
Latin name® country in 2021 References
Marine or Rainbow trout EU: 190, 150, with 22%, EUMOFA Fish market report
freshwater Oncorhynchus 18% and 14% (EC DG-MARE, 2023)
mykiss produced in Italy, EUMOFA Species profile:
(Walbaum, France and Denmark rainbow trout
1792) Norway: 89,000 https://www.fiskeridir.no/Engli
Iceland: 1000 sh/Aquaculture/Statistics/
UK: 13.500 Booklets
https://www.statice.is/publi
cations/news-archive/fishe
ries/aquaculture-2021/
https://www.seafish.org/seafo
od-in-numbers/aquac
ulture/
Marine Gilthead EU: 97,100, with 70% EUMOFA Fish market report
seabream produced in Greece, (EC DG-MARE, 2023)
Sparus aurata 8% each in Italy and
Linnaeus, 1758 Croatia and 5% in
Cyprus
Marine European seabass EU: 97,090, with Greece  EUMOFA Fish market report
Dicentrarchus and Spain providing (EC DG-MARE, 2023)
labrax 77% EUMOFA species profile:
(Linnaeus, European seabass
1758)

Apparent
consumption
most
consumed
fishery and
aquaculture
finfish (2021)°

Per capita
consumption
in kg, LWE (%
of it farmed)

Trout: 0.49
(98.4%)

Common farming practices

Common feeding practices

Juveniles/
Larval stage smolts
Freshwater RAS or Closed
flow-through freshwater
hatchery tanks tanks or
flow-
through
ponds

RAS or flow-through  RAS or flow-
hatchery tanks through
onshore

tanks

RAS or flow-through  RAS or flow-
hatchery tanks through
onshore

tanks

Grow-out phase

Offshore sea
cages
(marine), or
RAS-based or
flow-through
tanks or
earth ponds
(freshwater)

RAS-based or
flow-through
onshore tanks
or seacagesin
brackish water
lagoons,
often co-
cultured with
seabream

RAS-based or
flow-through
onshore tanks
or seacagesin
brackish water
lagoons, often
co-cultured
with seabass

Larval stage

Artificially reared
live feed or
heat-treated
pelleted feed

Artificially reared
live feed

Artificially reared
live feed

Juveniles
and adults References
Heat-treated  https://www.fao.org/

pelleted
feed®

fishery/en/culturedsp
ecies/oncorhynchus_
mykiss/en

Heat-treated
pelleted
feed®

https://www.fao.org/fishe
ry/en/culturedspecies/
sparus_aurata/en

Heat-treated
pelleted
feed®

https://www.fao.org/
fishery/en/culturedsp
ecies/dicentrarchus_
labrax/en

(Continues)
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https://eumofa.eu/documents/20124/35668/EFM2023_EN.pdf/95612366-79d2-a4d1-218b-8089c8e7508c?t=1699541180521
https://eumofa.eu/documents/20124/35695/Rainbow+trout_31-1.pdf/c2e55bac-15ef-479f-9baa-b16bd7e7706a?t=1670842054953
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.statice.is/publications/news-archive/fisheries/aquaculture-2021/
https://www.statice.is/publications/news-archive/fisheries/aquaculture-2021/
https://www.statice.is/publications/news-archive/fisheries/aquaculture-2021/
https://www.seafish.org/seafood-in-numbers/aquaculture/
https://www.seafish.org/seafood-in-numbers/aquaculture/
https://www.seafish.org/seafood-in-numbers/aquaculture/
https://www.fao.org/fishery/en/culturedspecies/oncorhynchus_mykiss/en
https://www.fao.org/fishery/en/culturedspecies/oncorhynchus_mykiss/en
https://www.fao.org/fishery/en/culturedspecies/oncorhynchus_mykiss/en
https://www.fao.org/fishery/en/culturedspecies/oncorhynchus_mykiss/en
https://eumofa.eu/documents/20124/35668/EFM2023_EN.pdf/95612366-79d2-a4d1-218b-8089c8e7508c?t=1699541180521
https://www.fao.org/fishery/en/culturedspecies/sparus_aurata/en
https://www.fao.org/fishery/en/culturedspecies/sparus_aurata/en
https://www.fao.org/fishery/en/culturedspecies/sparus_aurata/en
https://eumofa.eu/documents/20124/35668/EFM2023_EN.pdf/95612366-79d2-a4d1-218b-8089c8e7508c?t=1699541180521
https://eumofa.eu/documents/20124/35695/European+seabass_31-1.pdf/9108d4ce-d7c5-49a6-bee9-859d29193f8e?t=1670841763845
https://www.fao.org/fishery/en/culturedspecies/dicentrarchus_labrax/en
https://www.fao.org/fishery/en/culturedspecies/dicentrarchus_labrax/en
https://www.fao.org/fishery/en/culturedspecies/dicentrarchus_labrax/en
https://www.fao.org/fishery/en/culturedspecies/dicentrarchus_labrax/en
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TABLE A.1

Marine

Marine

(Continued)

Atlantic bluefin
tuna

Thunnus thynnus
(Linnaeus,
1758)

Meagre
Argyrosomus
regius (Asso,
1801)

EU: 17,921, with 75.6%

produced in Malta

and 24.4% in Croatia

EU: 8400 (2019), with

76% produced in
Spain and Greece,

followed by France,
Croatia and Portugal

with 5% each

https://eumofa.eu/aquaculture

EUMOFA Case study, Meagre in

the EU (2022)

Tuna: 286 (0.6%)

Largely based on
fattening of
wild-caught
juveniles or
young adults in

sea cages in the

Mediterranean.
To alesser
extent,
production

is based on
stocking of

sea cages with

hatchery-reared

juveniles

RAS or flow-through

hatchery tanks

Planktonic
organisms
and live fish
feed

RAS or flow-
through
onshore
tanks

Frozen baitfish or
pelleted dry
feed

RAS-based or
flow-through
onshore tanks
orsea cages in
brackish water
lagoons

Artificially reared  Heat-treated

live feed

pelleted
feed®

https://www.fao.org/fishe
ry/en/culturedspecies/
thunnus_thynnus/en

https://www.fao.org/
fishery/en/culturedsp
ecies/argyrosomus_
regius/en
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https://eumofa.eu/aquaculture
https://www.fao.org/fishery/en/culturedspecies/thunnus_thynnus/en
https://www.fao.org/fishery/en/culturedspecies/thunnus_thynnus/en
https://www.fao.org/fishery/en/culturedspecies/thunnus_thynnus/en
https://eumofa.eu/aquaculture
https://www.fao.org/fishery/en/culturedspecies/psetta_maxima/en
https://www.fao.org/fishery/en/culturedspecies/psetta_maxima/en
https://www.fao.org/fishery/en/culturedspecies/psetta_maxima/en
https://eumofa.eu/documents/20124/35749/PTAT+Meagre+-+Final.pdf/d3482b31-c2c7-af25-69bd-56afadca7fa4?t=1648731831410
https://eumofa.eu/documents/20124/35749/PTAT+Meagre+-+Final.pdf/d3482b31-c2c7-af25-69bd-56afadca7fa4?t=1648731831410
https://www.fao.org/fishery/en/culturedspecies/argyrosomus_regius/en
https://www.fao.org/fishery/en/culturedspecies/argyrosomus_regius/en
https://www.fao.org/fishery/en/culturedspecies/argyrosomus_regius/en
https://www.fao.org/fishery/en/culturedspecies/argyrosomus_regius/en
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TABLE A.1

Marine

Marine

Marine

Freshwater

Freshwater

(Continued)

Fish species
common name,
Latin name?®

Atlantic halibut

Hippoglossus
hippoglossus
(Linnaeus,
1758)

Atlantic cod
Gadus morhua
Linnaeus, 1758

Greater
amberjack

Seriola dumerili
(Risso, 1810)

Brown trout
Salmo trutta
Linnaeus, 1758

Common carp
Cyprinus carpio
Linnaeus, 1758

Production volume

(tonnes) by entity or

country in 2021

Norway: 2716
UK:N/A

Norway: 1622
EU: 350

EU: 312. Main producer
is Malta, with only
minor production in
Spain, Greece, Italy,
Croatia and Cyprus

EU:

rainbow trout

EU: 77.511, with 24%,
24% and 16%
produced in
Poland, Czechia
and Hungary,
respectively

ncluded in stats for

References

https://www.fiskeridir.no/Engli
sh/Aquaculture/Statistics/
Booklets

EUMOFA species profile:
Atlantic cod

https://www fiskeridir.no/Engli
sh/Aquaculture/Statistics/
Booklets

https://eumofa.eu/aquaculture

EU:included in stats for
rainbow trout

EUMOFA Fish market report
(EC DG-MARE, 2023)

Apparent
consumption
most
consumed
fishery and
aquaculture
finfish (2021)°

Per capita
consumption
in kg, LWE (%
of it farmed)

1.75 (0.1%)

Common farming practices

Common feeding practices

Larval stage

RAS or flow-through
hatchery tanks

RAS or flow-through
hatchery tanks

RAS or flow-through
hatchery tanks

RAS or flow-through
hatchery tanks

Hatchery tanks or
spawning ponds

Juveniles/
smolts

RAS or flow-
through
onshore
tanks

RAS or flow-
through
onshore
tanks

RAS or flow-
through
onshore
tanks

Closed tanks

Nursery ponds
or RAS/flow
through-
facilities

Grow-out phase

Flat-bottomed
sea cages or,
to alesser
extent, closed
onshore
RAS-facilities

Offshore sea
cages

Offshore sea
cagesor,toa
lesser extent,
onshore
RAS-facilities

RAS-based or
flow-through,
tanks or earth
ponds

Earth ponds or
RAS/flow
through-
facilities

Juveniles

Larval stage and adults

Artificially reared  Heat-treated
live feed pelleted
feed®

Artificially reared  Heat-treated

live feed pelleted
feed®
Microalgae, Heat-treated
rotifers, pelleted
Artemia, feed“or
pelleted food frozen
sardines

Heat-treated Heat-treated

pelleted feed pelleted
feed®

Artificially or Heat-treated

naturally (in pelleted

spawning feed®

ponds)

reared live

feed or

fine-grained
pelleted feed

References

https://www.seafish.org/
responsible-sourcing/
aquaculture-farmi
ng-seafood/speci
es-farmed-in-aquac
ulture/aquaculture-
profiles/atlantic-halib
ut/

https://www.fao.org/fishe
ry/en/culturedspecies/
gadus_morhua/en

https://www.fao.org/fishe
ry/en/culturedspecies/
seriola_dumerili/en

https://britishtrout.co.uk/
about-trout/trout-
farming/

https://www.fao.org/fishe
ry/en/culturedspecies/
cyprinus_carpio/en

(Continues)
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https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.seafish.org/responsible-sourcing/aquaculture-farming-seafood/species-farmed-in-aquaculture/aquaculture-profiles/atlantic-halibut/
https://www.seafish.org/responsible-sourcing/aquaculture-farming-seafood/species-farmed-in-aquaculture/aquaculture-profiles/atlantic-halibut/
https://www.seafish.org/responsible-sourcing/aquaculture-farming-seafood/species-farmed-in-aquaculture/aquaculture-profiles/atlantic-halibut/
https://www.seafish.org/responsible-sourcing/aquaculture-farming-seafood/species-farmed-in-aquaculture/aquaculture-profiles/atlantic-halibut/
https://www.seafish.org/responsible-sourcing/aquaculture-farming-seafood/species-farmed-in-aquaculture/aquaculture-profiles/atlantic-halibut/
https://www.seafish.org/responsible-sourcing/aquaculture-farming-seafood/species-farmed-in-aquaculture/aquaculture-profiles/atlantic-halibut/
https://www.seafish.org/responsible-sourcing/aquaculture-farming-seafood/species-farmed-in-aquaculture/aquaculture-profiles/atlantic-halibut/
https://www.seafish.org/responsible-sourcing/aquaculture-farming-seafood/species-farmed-in-aquaculture/aquaculture-profiles/atlantic-halibut/
https://eumofa.eu/documents/20124/35695/Atlantic+cod_31-1.pdf/a31044fc-f167-4fb6-86da-9cfac278127c?t=1670841857456
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fiskeridir.no/English/Aquaculture/Statistics/Booklets
https://www.fao.org/fishery/en/culturedspecies/gadus_morhua/en
https://www.fao.org/fishery/en/culturedspecies/gadus_morhua/en
https://www.fao.org/fishery/en/culturedspecies/gadus_morhua/en
https://eumofa.eu/aquaculture
https://www.fao.org/fishery/en/culturedspecies/seriola_dumerili/en
https://www.fao.org/fishery/en/culturedspecies/seriola_dumerili/en
https://www.fao.org/fishery/en/culturedspecies/seriola_dumerili/en
https://britishtrout.co.uk/about-trout/trout-farming/
https://britishtrout.co.uk/about-trout/trout-farming/
https://britishtrout.co.uk/about-trout/trout-farming/
https://eumofa.eu/documents/20124/35668/EFM2023_EN.pdf/95612366-79d2-a4d1-218b-8089c8e7508c?t=1699541180521
https://www.fao.org/fishery/en/culturedspecies/cyprinus_carpio/en
https://www.fao.org/fishery/en/culturedspecies/cyprinus_carpio/en
https://www.fao.org/fishery/en/culturedspecies/cyprinus_carpio/en
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TABLE A.1 (Continued)
Apparent
consumption
most
consumed
fishery and
aquaculture
finfish (2021)° Common farming practices Common feeding practices
Per capita
Fish species Production volume consumption
common name, (tonnes) by entity or in kg, LWE (% Juveniles/ Juveniles
Latin name?® country in 2021 References of it farmed) Larval stage smolts Grow-out phase Larval stage and adults References
Freshwater European eel EU: 5.102, with 39%, 23% EUMOFA Fish market report - RAS-based facilities are stocked with wild-caught glass-eels  Following feeding with pre-frozen https://www.fao.org/fishe
Anguilla and 23% produced (EC DG-MARE, 2023) (around 0.2 g body weight) cod roe, eels are fed heat- ry/en/culturedspecies/
anguilla in the Netherlands, treated pelleted feed® anguilla_anguilla/en
(Linnaeus, Germany and
1758) Denmark,
respectively
Freshwater European catfish  Farming productionof  https://eumofa.eu/aquaculture - Hatchery tanks Earth ponds or RAS-facilities Pelleted feed Heat-treated
Silurus glanis European catfish, only pelleted
Linnaeus, 1758 African catfish, feed®
African catfish tench and pikeperch - Hatchery tanks RAS-facilities (in Europe) Pelleted feed Heat-treated

Clarias gariepinus
Burchell, 1822

Tench

Tinca tinca
(Linnaeus,
1758)

Pikeperch

Sander lucioperca
(Linnaeus,
1758)

is currently ata
relatively low level
in the EU

Catfish (both species):

11,000, with

39.3%, 22.2% and
8.6% produced

in Hungary, the
Netherlands

and Germany,
respectively, as main
producers

Tench: 700 (mostly in

France)

Pikeperch: 641

(Denmark)

Released into ponds
post-hatching

Hatchery tanks

Largely in extensive pond systems
in central, eastern and
southern Europe, sometimes in
polyculture with common carp

Largely in RAS-facilities, only minor
production in traditional ponds
systems

only

As for Common
carp

Heat-treated
pelleted
feed/live feed
may be used

pelleted
feed®

Heat-treated
pelleted
feed®

Heat-treated
pelleted
feed®

https://www.fao.org/fishe
ry/en/culturedspecies/
sander_lucioperca/en

Abbreviations: LWE, live weight equivalent; N/A, not applicable; RAS, recirculating aquaculture system.

?Following nomenclature from https://www.marinespecies.org/
PData taken from EUMOFA, 2023 for the most consumed fishery and aquaculture finfish (2021). Apparent consumption: amount of fishery and aquaculture products estimated to be consumed in the EU. Per capita consumption indicates the amount by
each individual person in the EU. Apparent consumption = (catches + aquaculture production+ imports) — exports.

“Heat-treated pelleted feed does not contain viable parasites since the production involves treatment of the raw ingredients at high temperatures and high pressures in a process called extrusion.

wefsam

EUROPEAN FOOD SAFETY AUTHORITY

The EFSA Journal is a publication of the European Food Safety
Authority, a European agency funded by the European Union
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https://eumofa.eu/documents/20124/35668/EFM2023_EN.pdf/95612366-79d2-a4d1-218b-8089c8e7508c?t=1699541180521
https://www.fao.org/fishery/en/culturedspecies/anguilla_anguilla/en
https://www.fao.org/fishery/en/culturedspecies/anguilla_anguilla/en
https://www.fao.org/fishery/en/culturedspecies/anguilla_anguilla/en
https://eumofa.eu/aquaculture
https://www.fao.org/fishery/en/culturedspecies/sander_lucioperca/en
https://www.fao.org/fishery/en/culturedspecies/sander_lucioperca/en
https://www.fao.org/fishery/en/culturedspecies/sander_lucioperca/en
https://www.marinespecies.org/
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