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Abstract: In the marine environment, fish parasites are present in most seafood species. The most
common are nematodes of the genus Anisakis, which can parasitize human tissues, causing anisakiasis
and allergies—in some cases with a strong reaction, such as anaphylactic shock. This happens when
people ingest live or dead larvae present in the muscles or viscera of a wide range of fish and
cephalopods. Consumer education has been positioned as one of the most effective alternatives
for its prevention. This study, carried out in Asturias (northwest Spain), sought to identify the
seafood products that present the greatest risk of anisakiasis for consumers, taking into account their
consumption, the prevalence of Anisakis, and consumer knowledge about this parasitosis. In the
results, hake (Merluccius merluccius) and cod (Gadus morhua), frequently consumed in the region and
with high parasite prevalence, do not pose a great risk because they are consumed when well cooked.
Instead, sardine (Sardina pilchardus), highly consumed and less parasitized, and anchovy (Engraulis
encrasicolus), highly parasitized and less consumed, would exhibit a medium risk. Young participants
know more about the risks of anisakiasis from raw seafood. The gaps detected in the knowledge
about the ability of temperature treatments to eliminate parasites, especially in allergic people, must
be addressed for better prevention. We suggest campaigns adapted to the population sectors.

Keywords: parasites; anisakiasis; fish consumption; consumer knowledge

1. Introduction

Parasites are part of the ecosystems [1] and are normally present in almost all fish
species [2], contributing significantly to the food webs. Nematodes are amongst the most
prevalent fish parasites, and their type and relative abundance have been considered char-
acteristic of specific regions [3,4]. Some genera can parasitize fish, such as Pseudoterranova,
Contracaecum, and, notably, the genus Anisakis, from the Anisakidae family, which can
ultimately parasitize humans and cause anisakidosis (anisakiasis when it is caused by
Anisakis spp.). Anisakidosis is an emerging zoonosis that causes gastrointestinal disease,
with abdominal pain due to erosive or hemorrhagic lesions in the digestive tract [5]. This
disease appears when people ingest live larvae from the viscera or muscles of a wide range
of fish and cephalopod species. A strong allergic reaction to several nematode proteins
is associated with this disease [6], with symptoms that go from urticaria to anaphylactic
shocks in sensitive individuals. Allergic responses can also be induced by dead parasites if
the allergy-causing proteins or protein domains are preserved [7].

Experts from the FAO/WHO (Food and Agriculture Organization of the United
Nations and World Health Organization) have ranked anisakids fourth among 24 food-
borne zoonotic parasites [8]. About 20,000 anisakiasis cases are reported worldwide yearly,
mostly in Japan, Spain, the Netherlands, and Germany [9]. Spain has a long list of scientific
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publications about the Anisakis spp. [10], as it is the country with the highest incidence
of anisakiasis in Europe, with an average of over 8000 cases per year [11] and a marked
incidence among the population living northwest of the country [12]. The difference in
anisakiasis prevalence between countries or regions can be due to several factors, such
as seafood consumption per capita; species preferences due to local consumption habits,
availability, or price; and other reasons, including the different ways of cooking and
eating seafood due to cultural differences [13,14]. The main factor contributing to the
high incidence of anisakiasis in Spain is believed to be the high level of consumption of
parasite-infested marinated anchovies. There is also evidence of occupational anisakiasis in
fishermen and fish industry workers [15].

It appears that a global increase in the consumption of untreated fish products—neither
frozen nor cooked—such as sushi, sashimi, gravlax, lomi lomi, and ceviche [16,17], could
have led to an increase in the prevalence of anisakiasis in recent years, along with the
advancement of new diagnostic techniques. In diagnosed anisakiasis, patients often report
consuming raw or undercooked fish [18]. However, we cannot forget that the consumption
of seafood is an important part of a balanced diet and a healthy lifestyle [19], and the
high life expectancy of the populations with the highest rate of fish consumption per
capita showcases these beneficial effects [20]. However, fears about parasitic infections and
allergies could lead to a reduction in seafood consumption [21]. So, in order to maintain
recommendations for a safe and healthy diet that includes fish, the best way of preventing
anisakiasis is to educate consumers to avoid untreated raw or undercooked fish [22]. The
present study addressed this issue in northern Spain, where fish consumption is very
high [23]. From the perspective of healthy and safe consumption, the research objectives of
this work were as follows:

1.  To assess consumers’ awareness about anisakids and preventive seafood treatments.

2. To evaluate the effect of gender and age on the risk of anisakiasis, considering the
awareness of each population group.

3. To give recommendations for better consumer information regarding anisakiasis
prevention, based on the results of objectives 1 and 2.

2. Materials and Methods

To know the population’s fish consumption preferences, a structured short question-
naire was elaborated, following Brace [24]. Two key questions were asked about their
consumption patterns, described previously in Blanco-Fernandez et al.’s study [25]. The
questionnaires were applied in Asturias, a coastal province in northwestern Spain with just
over 1 million inhabitants that has a long fishing tradition and where seafood is an impor-
tant part of the diet, gastronomy, and economic support of its population [26]. Previously, a
pilot test had been carried out (N = 20) to verify that the questionnaire items measured what
they were intended to. This survey about fish consumption was administered face-to-face
to a heterogeneous group of volunteers. It was possible to collect the responses from
1608 people aged 14 to 63, with an average age of 18.04 years. The anonymity of the
respondents was always respected, so the only personal data of the participants collected
were their age, gender, and place of residence. Volunteers were invited to provide an
email address to share the results obtained and to place them for future research. Here, we
will present the results about the frequency of consumption of generic types of fish and
invertebrates (hake, salmon, squid, etc.), not identified by their scientific names because
the survey was designed for non-experts. Respondents were asked how frequently they
ate each type of fish, with the following options: 1, weekly; 2, monthly; 3, occasionally;
4, rarely/never.

In the following research phase, around 10% of the volunteers from the fish consump-
tion survey were contacted by email to participate in a new questionnaire to find out their
anisakid awareness, this time, online. They were once again asked to indicate their age,
gender, and place of residence. This time, the focus was posed on whether the population
is aware of anisakids, where live anisakids’ larvae can be found, and what can be done to
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kill them (when the parasite is not removed from the seafood) or eliminate them (when the
parasite is removed from the seafood). One hundred and forty-nine participants completed
the questionnaire, with an age range of 18 to 46 years and an average age of 24.75. In
this case, the age range was reduced, and the average age was slightly higher than in
the previous one. All survey questions and full raw data are available in the Mendeley
dataset [27]. The questions with “Yes/No” answers were the following:

1.  Are you aware of anisakids?

2. 2a/b/c: Do you think that raw /half-cooked /ultrafrozen seafood could have live
anisakids?

3. 3a/b: Could cooking (>60 °C) or freezing (<—20 °C) eliminate/kill anisakids?

For the statistical analysis, two groups of respondents were created based on their
self-declared knowledge about anisakids, differentiated as “aware” and “unaware”. Com-
parisons between the two groups were made based on their answers to five questions about
actual knowledge about anisakids (about the risk of raw, self-cooked, and frozen products,
and about the effects of thermal treatment for killing or eliminating anisakids, with values
O0—incorrect and 1—correct). The risk ratio (RR), with z tests and their p (HO being RR = 1),
was employed. Then, a multivariate multiple linear regression test was run to evaluate the
possible relationships between self-declared knowledge, age, and gender as independent
variables, and the five items measuring actual anisakid knowledge as dependent ones.

Data analyses were performed using the free software PAST 4.10 [28]. p-values < 0.05
were considered statistically significant.

3. Results

The results of the awareness survey on anisakids showed that 23.5% of respondents
stated that they did not know what anisakids were. The rest of the sample claimed to
know about anisakids. Comparing the answers of the two groups of respondents (Figure 1),
those declaring to know about anisakids were more aware of the risk of raw and half-
cooked products, and of temperature treatments killing anisakids than those declaring not
knowing about them (unaware group). The risk ratio (RR) was significant for these three
items (Table 1).

Knowledge about Anisakis spp.
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Figure 1. Knowledge about anisakiasis risks from fish and fish food consumption.



J. Mar. Sci. Eng. 2024, 12,1333

40f11

Table 1. Effect of self-declared knowledge on the real awareness about anisakids. Risk ratio, with 95%
confidence interval (CI), for each question about the safety of products and the effect of temperature
treatments, comparing the group of respondents self-declaring to know about anisakids and the rest.

Questions about Occurrence of Anisakis spp. Questions about Treatment Effects
In .o .
In Raw Half-Cooked In Ultrafrozen zflm‘sakfs An.zsz‘lkzs
Seafood Seafood Elimination Killing
Seafood
Risk ratio 0.692 0.703 0.943 0.893 0.329
95% CI [0.552-0.866] [0.54-0.913] [0.485-1.606] [0.497-0.1.606] [0.194-0.558]
z 3.211 2.638 0.178 0.377 4121
p (ratio =1) 0.001 0.008 0.864 0.706 3.77 x 107>

In contrast, RR was not significant for the risk of frozen products, which was consid-
ered safe by almost 80% of both aware and unaware participants, and for the elimination
of anisakids with the recommended treatments, wrongly considered true for about 40% of
respondents with no difference between aware and unaware (Table 1, Figure 1).

Multivariate multiple linear regression analysis showed that self-declared awareness
predicted three items measuring knowledge: the risk of consuming raw and half-cooked
seafood, and the efficiency of temperature treatments for killing Anisakis spp. (Table 2).
This was consistent with the results obtained from the risk ratio analysis. Regarding
the effects of the demographic variables, age predicted knowledge about raw seafood
(R? =0.017, p < 0.05), while gender did not predict any knowledge item.

Table 2. Multiple regression analyses. Product risks and treatment effect as dependent variables, and
gender, age, and self-declared knowledge (“Awareness”) of anisakids as independent variables.

Dependent Variable In%zgi‘:;l:nt Coefficient SE t p-Value R?
Constant 0.840 0.098 8.538 1.69 x 10714
Raw product risk Gender 0.019 0.041 0.468 0.640 0.002
Age —0.007 0.003 —2.053 0.042 0.017
Awareness 0.310 0.046 6.702 424 x 10710 0.227
Constant 0.658 0.147 4.479 1.51 x 1075
Half-cooked product risk Gender 0.096 0.061 1.575 0.117 0.016
Age —0.004 0.005 —0.824 0.411 0.004
Awareness 0.269 0.069 3.901 0.000 0.091
Constant 0.214 0.185 1.160 0.248
Frozen product risk Gender —0.011 0.076 —0.144 0.886 0.000
Age 0.002 0.006 0.330 0.742 0.001
Awareness 0.014 0.087 0.156 0.877 0.000
Constant 0.348 0.207 1.678 0.095
Treatments eliminate Gender —0.027 0.086 —0.311 0.756 0.001
anisakids Age 0.004 0.007 0.580 0.563 0.003
Awareness 0.034 0.097 0.347 0.729 0.001
Constant 0.282 0.154 1.833 0.069
Treatments kill anisakids Gender —0.011 0.064 —0.178 0.859 0.000
Age 0.001 0.005 0.098 0.922 0.001

Awareness 0.582 0.072 8.074 239 x 10713 0.311
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From the data provided by the respondents about their consumption of fish and
cephalopods, the mean frequency was calculated and is presented in Table 3 (note: as
indicated in the Section 2, in the survey, the scale is inverted, and higher values indicate a
lower frequency). The range of anisakid prevalence was also given for each type of fish
as the percentage of infested individuals per species; these data are taken from published
reports [29-31].

Regarding the consumption of different types of fish, tuna (Thunnus spp.) was the
most consumed, with an average frequency of 2.07 (SD 1.09) (monthly), and eel (Anguilla
anguilla) was the least consumed, with an average frequency of 3.84 (SD 0.50) (rarely/almost
never). About invertebrates, squid (Loligo vulgaris) had the highest mean frequency
2.27 (SD 0.95) (around monthly), and gooseneck barnacle (Pollicipes pollicipes) had the lowest
one
3.64 (SD 0.71) (occasionally /rarely) (Table 3).

The scientific literature we consulted points out that hake, wild salmon, megrim, horse
mackerel, and gilt-head seabream are the fish with the highest anisakid prevalence records,
while sea bass, eel, and octopus exhibit the lowest ones [29-31].

To evaluate the risk of anisakiasis in the population, the maximum prevalence of
anisakids in the flesh of each fish and cephalopod type was divided into two groups:
over 90% and under 90% average. Within each group, fish were classed by consumption
frequency in two groups: high frequency (scoring < 3, that is, at least monthly) and low
frequency (scoring > 3) (Table 4).

Table 3. Average consumption frequency and prevalence range for the most consumed fish

and cephalopods.
Fish and Cephalopods Average Consumption Frequency Prevalence Range (%)
Tuna (Thunnus spp.) 2.07 (0.14) 12.5-50
Squid (Loligo vulgaris) 2.27 (0.15) 0-34
Hake (Merluccius merluccius) 2.29 (0.12) 17.27-100
Salmon (Salmo salar) 2.34 (0.11) 0-100
Sardine (Sardina pilchardus) 2.54 (0.11) 0-77.6
Octopus (Octopus vulgaris) 2.78 (0.13) 0-1.4
Cod (Gadus morhua) 2.83(0.13) 50.3-97.8
Sea bass (Dicentrarchus labrax) 2.89 (0.13) 0.95
Rainbow trout (Oncorhynchus mykiss) 3.01 (0.15) 3-100
Anchovy (Engraulis encrasicolus) 3.1(0.16) 0-96.2
Sole (Solea solea) 3.11 (0.16) 0-43.7
Monkfish (Lophius spp.) 3.24 (0.18) 40-100
Blue whiting (Micromesistius poutassou) 3.34 (0.22) 10.63-99.3
Megrims (Lepidorhombus spp.) 3.52 (0.26) 0-100
Horse mackerel (Trachurus trachurus) 3.53 (0.26) 0-100
Goose neck barnacle (Pollicipes pollicipes) 3.64 (0.28) n/a
Gilt-head seabream (Sparus aurata) 3.71 (0.30) 100
Swordfish (Xiphias gladius) 3.72(0.31) 20.7
Eel (Anguilla anguilla) 3.84 (0.35) 0.31-15
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Table 4. Classification of fish and cephalopods by the average frequency of consumption and the
prevalence of anisakids in them. * Fish that are consumed raw or marinated in the region.

Anisakid Prevalence Frequency of Consumption
High Low
Tuna * (Thunnus spp.)
Squid (Loligo vulgaris) Sole (Solea solea)
Prevalence < 90% Sardine * (Sardina pilchardus) Swordfish (Xiphias gladius)
Octopus (Octopus vulgaris) Eel (Anguilla anguilla)

Sea bass (Dicentrarchus labrax)

Blue whiting (Micromesistius poutassou)
Anchovy * (Engraulis encrasicolus)

Hake (Merluccius merluccius) Rainbow trout * (Oncorhynchus mykiss)
Prevalence > 90% Salmon * (Salmo salar) Monkfish (Lophius spp.)
Cod (Gadus morhua) Megrims (Lepidorhombus spp.)

Horse mackerel (Trachurus trachurus)
Gilt-head seabream (Sparus aurata)

Considering this classification, the seafood products with the highest risk of anisakiasis
for Asturian consumers would be hake and cod due to their high levels of consumption
and prevalence of anisakids. Although salmon belongs to the same group, reference has
been made to the high anisakid prevalence in wild salmon. However, most of the salmon
consumed in Asturias and other areas is farmed, corresponding to 80% of the total world
salmon supply [32]. Therefore, since farmed Atlantic salmon has not shown the presence of
anisakids [33], it will not be considered a species at high risk for anisakiasis in this region.

On the other hand, the species with the lowest risk of anisakiasis in the region were
sole, swordfish, and eel, while the rest of the species represented a medium risk if they
were not treated adequately.

If gastronomy is considered, taking into account the popular recipes of the region,
the risks would remain medium for tuna, anchovy, sardine, and rainbow trout, since they
can be consumed as tataki, marinated, and smoked, respectively. The risks for the rest
of the fish are almost insignificant, as they are commonly consumed well cooked in this
region. Nevertheless, if any of the other high-risk fish (hake and cod) were cooked at low
temperatures or consumed raw without prior freezing, the risk of anisakiasis due to their
consumption would be high. An example could be ceviche, which, although in the region
is generally made with grouper [34], could be prepared with any other white meat fish.

4. Discussion

Considering the results from the anisakid survey, most participants seemed to be
aware of anisakids, although more than one-fifth declared to ignore these parasites. Being
aware of anisakids is important for the population’s health because, as found in our results,
self-declared awareness significantly predicted the actual knowledge about anisakids. Pre-
vious studies have confirmed that the improvement in awareness and knowledge about
anisakiasis is one of the reasons for the increase in the number of cases reported in a
growing number of countries [35]. In the same direction, a current study developed by
Ganucci-Cancellieri et al. [36] has shown that habits related to the consumption of raw fish
were positively correlated with a higher perceived risk of contracting anisakiasis. Further-
more, prior knowledge of the disease was associated with avoidance of fish consumption,
positively correlated with a greater willingness to pay for anisakid-free fish. Moreover,
our results showed a significant negative relationship between age and knowledge about
anisakids in raw fish and shellfish, with age being a predictor of knowledge concerning raw
seafood. It could be explained by the increase in the consumption of raw and half-cooked
seafood, such as sushi, ceviche, and sashimi, in different European countries [37,38], mostly
by younger people. Previous studies have already shown different food preferences accord-
ing to gender and age [39,40]. If young people prefer these types of food, they should know
more about the safety of raw products. Although it is always advisable to promote more
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studies on preferences in seafood consumption at different ages, the undeniable fact is that
the risk of exposure to this fish-borne disease would be low for conscious populations.

On the other hand, knowledge of the presence of live anisakids in different seafood
products and the treatments necessary to kill nematodes are crucial in the prevention and
control of anisakiasis, which is based on avoiding the ingestion of live larvae present in raw
undercooked seafood. The risk of anisakiasis in the population would be low if everyone
knew the temperature treatment, i.e., >60 °C for more than 1 min, or freezing at —20 °C
for at least 24 h (the temperature must be reached in the center of the piece), to ensure
the death of the anisakids. However, temperature treatment simply kills the parasites
but does not eliminate them, so the risk of allergy would still be present. The ingestion
of dead parasites in seafood can be potentially dangerous. Some A. simplex allergens are
resistant to heat treatments, so cooking or freezing shellfish could kill the parasite but not
eliminate its allergenicity [41]. Anisakids” proteins and DNA have even been found in
highly processed seafood products, such as surimi, canned tuna, or croquettes [42—44]. In
our sample, more than 40% of respondents (whether aware of anisakids or not) mistakenly
think that treatments eliminate anisakids, so the risk of allergies does not decrease with
knowledge of these parasites. According to the results obtained in this study and the
references indicated, part of the population, even being aware of anisakids, is unaware of
how prevention methods work. This is an important knowledge gap and an important
result of this work that should be addressed in future information campaigns on the safe
consumption of seafood.

Regarding preferences of consumption, species with the highest risk of causing anisaki-
asis or anisakid allergies are expected to be those with a medium-high frequency of con-
sumption, a high prevalence of anisakids, and often consumed raw. According to the
aforementioned research by Golden et al. in Portugal, the main risk group for anisakiasis is
formed by consumers who prepare raw or half-cooked fish dishes at home. The species
most commonly associated with anisakiasis in Europe are herring (Clupea harengus), hake,
anchovy, and cod [45]. Anchovies are considered one of the main causes of the high in-
cidence of anisakiasis in Spain, together with raw sardines. In the case of anchovies, the
frequency of consumption derived from this study is not one of the highest, but anisakid
prevalence has reached 96% (44% in flesh) in recent years [46,47]. From the results obtained,
it is observed that for sardines, the frequency of consumption is one of the highest, al-
though anisakid prevalence in flesh is <90%. In any case, marinated anchovies and sardines
are also eaten in the studied region, supporting the idea that it is a high-risk product in
Spain. According to this, hake could represent a riskier species due to its high average
frequency of consumption and high anisakid prevalence in flesh. Hake exhibits anisakid
prevalence between 17.7 and 100%, depending on the fishing area, it being higher in the
Bay of Biscay and the Atlantic than in the Mediterranean Sea [48]. In fact, hake has already
been rejected by consumers who complain about the high infestation of anisakids observed
in edible tissues [49,50]. This species would hold a high risk of anisakiasis if consumed
raw; however, typical recipes in this region involve cooking at high temperatures for more
than one minute, often in cider [51]. Thus, its consumption in the region can be considered
safe if well cooked, although not for those with allergies. The rest of the species would
have a lower risk due to a lower average frequency of consumption, a lower prevalence of
Anisakis spp. larvae, or a combination of both.

The risk caused by this type of parasite is increasing, especially in countries with a
high consumption of raw fish [52,53]. Its importance has led to it being addressed within
the “Sustainable Development Goals” of the United Nations 2030 Agenda (United Nations
2015), specifically in Goals 2 and 3. Goal 2.1: “Achieve food security and improve healthy
nutrition” declares, “By 2030, eliminate hunger and ensure access to safe, nutritious and sufficient
food for all people”. To achieve this, it is necessary to provide adequate information aimed at
the highest-risk sectors about the possible effects of developing dangerous eating behaviors,
such as anisakiasis. Additionally, Goal 3, about health and well-being, focuses on disease
prevention (Goal 3d). However, despite the severity of the symptoms caused by these
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parasites in some cases, knowledge about them and global interest are still low [54]. As
already noted, recent studies have shown the importance of identifying the sociological
characteristics that help prevent specific diseases, together with biological and medical
studies, to favor the development of awareness campaigns about the risks of consuming
unsafe fish without adequate treatment. These types of studies are still very scarce and
are currently only limited to the two studies presented above in the Iberian Peninsula.
Furthermore, we must not forget that fish consumption is part of a healthy and balanced
diet, and it is important to avoid unjustified social alarm about its risks. Consequently, the
solution is education and the development of specific and targeted campaigns, so that the
population continues to consume fish, but healthily and safely.

In Spain, these campaigns started some years ago, for example, the campaign “Come
pescado con seguridad” (Eat seafood with safety), developed in Murcia in 2007 [55]; or the
Spanish Ministry of Health and Consumer Affairs campaign for anisakiasis prevention
launched at a national level in 2006 [56]. In 2021, the Spanish Agency for Food Security and
Nutrition (AESAN) published a brochure with the same purpose: (“Comer pescado es seguro
vy saludable. La anisakiasis es ficil de evitar”) “Eating seafood is safe and healthy. Anisakiasis
is easy to prevent” [57]. On a larger scale, in 2021, the European Food Safety Authority
launched the communication campaign “EU Choose Safe Food” to inform consumers about
safe food consumption [58], although anisakiasis and how to prevent it were not explicitly
considered. These campaigns are addressed to the general population. However, following
Good Practice of Manufacture (GMP) through the food chain [59-61], education campaigns
should be adapted to different sectors of the population, including medical doctors [62],
and allergic people, as has been shown in this study. The knowledge of and attitudes
towards food safety is not the same for all the members of a society. For example, young
men are less engaged in safe food handling [63]; safety perception of some foods is different
between genders [64], and the prevalence of risky practices increases with socioeconomic
status [65].

5. Conclusions

In Asturias, the regional context of our research, anchovy consumption would exhibit a
medium risk of anisakiasis, as in the rest of Spain, because of a high prevalence of anisakids
but low regional consumption. Sardines, which are highly consumed, marinated, and
which exhibit a lower anisakid prevalence, would also have a medium risk of anisakiasis.

In the studied region, the high average frequency of consumption and the high preva-
lence of anisakids in its flesh could make hake the species with the highest risk of anisakiasis.
However, in this region, it can be considered safe for non-allergic consumers because it is
traditionally cooked; thus, the parasite is killed.

The conclusions above, grounded on the prevalence of anisakids, are based on a
precautionary approach, as not all anisakids are of zoonotic concern. Future investigations
to clarify this subject are recommended.

From the data obtained on the population sample studied, a higher awareness of the
risk of consuming raw fish in young consumers suggests that sushi consumption habits are
associated with a higher perceived risk of contracting anisakiasis.

Our results support the idea that greater knowledge about anisakids implies better
knowledge about safe consumption, although the risk of allergies would not be reduced.
Therefore, these results reinforce the need for information on how to consume seafood safely,
improving public education on the treatments to kill anisakids through campaigns adapted
to different sectors of the population. Allergic people would require special information
because anisakids’ antigens can trigger allergic reactions even when the parasite is dead.

To contribute to the knowledge of this marine parasite and inform the entire population
of its life cycle and ways to reduce its impact on health through ingestion, we filmed a video
and posted it on YouTube, to facilitate quick, direct, and free access to this information:
https:/ /www.youtube.com/watch?v=Y1-gxvLfocY (accessed on 4 August 2024).
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