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Abstract: In the marine environment, fish parasites are present in most species of seafood. The most
common is Anisakis spp. a nematode that can parasitize human tissues causing anisakiasis and
allergies, in some cases with a strong reaction such as anaphylactic shock in sensitive people. This
happens when people ingest live or dead larvae present in the muscles or viscera of a wide range of
seafood, fish and cephalopods. Consumer education has been positioned as one of the most effective
alternatives for its prevention. This study sought to identify the species that present the greatest risk
of anisakiasis for consumers taking into account sex, age and their knowledge about this parasitosis.
The objective was to offer recommendations for better consumer information towards the
prevention of infections by worm larvae. The results revealed that the species most at risk were hake
and cod and that young participants know more about the risks of anisakiasis from raw seafood.
The gaps detected in the knowledge about the ability of thermal treatments to eliminate parasites,
especially in allergic people, must be addressed for better prevention, suggesting campaigns
adapted by sectors of the population.

Keywords: parasites; anisakiasis; fish consumption; consumer knowledge

1. Introduction

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

Experts from the FAO/WHO (Food and Agriculture Organization of the United Nations and
World Health Organization) place anisakids in fourth place among 24 food-borne zoonotic parasites
[7]. About 20,000 cases of anisakiasis are reported worldwide, mostly in Japan, then Spain, the
Netherlands and Germany [8]. Spain is the country with the highest incidence of anisakiasis in
Europe; depending on the authors, between 8,000 [9] and even between 10,000 and 20,000 cases occur
each year [10]. Differences in prevalence between countries can be due to several factors, such as, the
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different seafood consumption per capita among countries or regions; different species preferences
due to local consumption habits, availability, price, and other reasons; including the different ways
of cooking and eating seafood depending on the culture [11,12]. 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 [13].

Therefore, 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 [14,15], could lead
to an increase in the prevalence of anisakiasis in recent years; without forgetting the advancement of
new diagnostic techniques. In diagnosed anisakiasis, patients often report consuming raw or half-
cooked fish [16]. However, we cannot forget that the consumption of seafood is an important part of
a balanced diet and a healthy lifestyle [17], and the long-life expectancy of populations with the
highest rate of fish consumption per capita could partly explain these beneficial effects [18]. But fears
about parasitic infections and allergies could lead to a reduction in seafood consumption [19]. So, in
order to maintain recommendations for a safe and healthy diet that includes fish, the best prevention
of anisakiasis is to educate the consumer to avoid untreated raw or undercooked fish [20]. The present
study addressed this issue in northern Spain, where fish consumption is very high [21]. From the
perspective of healthy and safe consumption, the research objectives of this work were:

1. To identify the species that encompass higher anisakiasis risks for consumers in Spain,
considering the prevalence of anisakids and consumer preferences for species and food
preparation.

2. To assess the relative risk of anisakiasis for consumers by gender and age, considering their
awareness of anisakids and preventive seafood treatments.

3. Based on the results in 1 and 2, to give recommendations for a better consumer’s information
towards anisakiasis prevention.

2. Materials and Methods

To know the preferences of the population about the consumption of fish, a structured short
questionnaire was elaborated, following Brace [22]. Two key-questions about their patterns of fish
consumption, described previously in Blanco-Fernandez et al. [23], were done. The questionnaires
were applied in Asturias, a coastal province of just over 1 million inhabitants in the north of Spain,
with a long tradition of fishing where seafood is an important part of the diet, gastronomy, and
economic support of its population [24]. Previously, a pilot test had been carried out (N=20) to verify
that the questionnaire items measured what they were intended to measure. This survey about fish
consumption was administered in face-to-face format to a heterogeneous group of volunteers. It was
possible to collect the responses of 1,608 people whose ages ranged from 14 to 63 years old and an
average age of 18.04 years [25]. The anonymity of the respondents was always respected, so the only
personal data of the participants collected was their age, gender, and place of residence. Volunteers
were invited to provide a contact email address to share the results obtained and to place them for
future research.

In a next phase of the research, around the 10% of the volunteers from that fish consumption
survey were contacted by email to participate, if they wanted to, in a new (this time online) survey
to find out their anisakids awareness. They were asked again to indicate their age, gender, and place
of residence. Now, the focus was posed on whether the population is aware of anisakids, where live
anisakids larvae can be found, and treatments to be used to kill (parasite is not removed from the
seafood) or eliminate (parasite is removed from the seafood) them. 149 participants completed the
new questionnaire with an age range of 18 to 46 years, and an average age of 24.75 years. In this case,
the age range was reduced, and the average age was a little higher than in the previous one. Complete
raw data available in Mendeley dataset [26].

For statistical analysis, the variables considered were the knowledge declared by the
respondents about anisakids, taking into account gender and age, based on their answers to questions
about treatments to kill parasites. Employing the risk ratio (RR), with z tests and their p (Ho being RR
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=1), five comparison was made between different seafood products (raw, half-cooked and frozen)
and treatments (eliminate and kill anisakids), between aware and unaware consumers. At the same
time, a multivariate multiple linear regression test was developed to evaluate the possible
relationships between self-declared knowledge, age and gender as independent variables, and items
measuring anisakids knowledge as dependent ones.

Data analyses were performed using free software PAST 4.10 [27]. p-values <0.05 were
considered statistically significant.

3. Results

Although it does not represent a problem for the analysis of the results and their discussion, due
to the small sample size and the lack of calculation of the ideal sample size, the results of the anisakids
awareness survey could result in non-representative sampling, which could constitute research bias
and should be taken with caution.

The results showed that the 23.5% of respondents declared themselves unaware of the anisakids.
Regarding the knowledge about the treatments and their effect, those declaring to be aware of
anisakids knew significantly more about the effect of freezing and cooking, and the fact that they kill
anisakids, than those who were unaware of anisakids.

RR were significant for the risk of raw products (RR=0.692 with 95% confidence [0.552 — 0.866] (z
=-3.211 with p = 0.001)); for that of half-cooked products (0.703 [0.54 — 0.913], z = -2.6379 with p =
0.008); for the treatments to kill anisakids (RR=0.329 [0.194 — 0.558], z = -4.121 with p = 3.77E-05).

RR was not significant for the risk of frozen products, that was considered safe by almost 80%
of both aware and unaware participants (RR = 0.943 [0.485 — 1.836], z =-0.172 with p = 0.864), 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 (RR = 0.893 [0.497 — 1.606], z = -
0.377 with p = 0.706) (Figure 1).
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Figure 1. Knowledge about anisakiasis risks from fish and fish food consumption.

Multivariate multiple linear regression analysis showed that self-declared awareness predicted
the three significant items measuring actual knowledge (Table 1, also Figure 1). Age predicted
knowledge about raw seafood (R? = 0.22653, p<0.05), while gender did not predict any knowledge
item.
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Table 1. Multiple regression analyses with product risks and effect of recommended treatment as
dependent variables. Gender, age, and self-declared awareness of anisakids as independent variables.

Coefficient SE t p-value R?
Raw product Constant 0.840 0.098 8.538 1.69E-14
(dependent variable) 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 4.24E-10 0.227
Constant 0.658 0.147 4.479 1.51E-05

(};ael}i;i’g:jfvzrr?ﬁg 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

Frozen product Constant 0.214 0.185 1.160 0.248
(dependent variable) 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

Treatments eliminate anisakids Constant 0.348 0.207 1.678 0.095
(dependent variable) Gender -0.027 0.086 -0.311 0.756 0.001
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
Tr(ejgeeﬁz :tﬂ‘l,:;;ﬁgds Gender 0.011 0.064 0178 0.859 0.000
Age 0.001 0.005 0.098 0.922 0.001
Awareness* 0.582 0.072 8.074 2.39E-13 0.311

From the question regarding fish consumption, the average frequency of fish consumption was
3.13 (standard deviation SD 0.92). This means one or two days per week. The average frequency of
invertebrate consumption (shellfish and cephalopods) was 4.21 (SD 1.32), i.e., monthly.

Regarding the consumption of individual fish species, tuna was the most consumed with an
average frequency of 2.07 (SD 1.09) (at least monthly), and eel was the least consumed with an
average frequency of 3.84 (SD 0.50) (close to rarely/never). About invertebrates, squid had the highest
mean frequency 2.27 (SD 0.95), monthly, and barnacles had the lowest one 3.64 (SD 0.71),
occasionally/rarely (Table 2).

Table 2. Average consumption frequency and prevalence range for the most consumed species.
Average frequency was calculated from the fish consumption survey considering the consumption
frequency of the population: (1) Weekly; (2) Monthly; (3) Occasionally; (4) Rarely/Never, for preferred
species (SD in parenthesis). The anisakids prevalence range was calculated considering the
percentage of infested individuals per species.

Species Average consumption frequency Prevalence range (%)
Tuna 2.07 (0.14) 12.5-50
Squid 2.27 (0.15) 0-34
Hake 2.29(0.12) 17.27 - 100

Salmon (wild salmon) 2.34 (0.11) 0-100
Sardine 2.54 (0.11) 0-77.6
Octopus 2.78 (0.13) 0-14

Cod 2.83 (0.13) 50.3-97.8
Sea bass 2.89 (0.13) 0.95
Trout 3.01 (0.15) 3-100
Anchovy 3.1(0.16) 0-96.2
Sole 3.11 (0.16) 0-43.7
Monkfish 3.24 (0.18) 40 - 100
Blue whiting 3.34 (0.22) 10.63 -99.3
Megrim 3.52 (0.26) 0-100
Horse mackerel 3.53 (0.26) 0-100
Barnacles 3.64 (0.28) n/a

Red sea bream 3.71 (0.30) 100
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Swordfish 3.72 (0.31) 20.7
Eel 3.84 (0.35) 031-15

The scientific literature points out that hake, wild salmon, megrim, horse mackerel and sea bass
are the fish species with the highest anisakids prevalence records, while the octopus, sea bass and eel
have the lowest ones [28-30].

To evaluate the risk of anisakiasis in the population, the average consumption frequencies (Table
2) were divided in two groups: high average frequency (2-3), corresponding to monthly to occasional
consumption, and low average frequency (3-4), corresponding to rarely/never consumption. The
maximum prevalence of anisakids for each species was also divided in two groups: >90% and <90%.
(Table 3).

Table 3. Classification of species by consumer preference considering the average frequency of
consumption (2-3) Monthly to occasionally; (3-4) Rarely/Never), and anisakids maximum prevalence
(from the range in Table 1). *Species consumed raw or marinated in the region.

Consumption/Anisakids prevalence Max. Prevalence >90% Max. Prevalence <90%
Tuna*
Hake Squid
Average frequency Salmon* (wild salmon) 44
Sardine*
2-3 Cod
Octopus
Sea bass
Blue whiting
Anchovy*
Average frequenc Trout” Sole
J q Y Monkfish Swordfish
3-4 .
Megrim Eel

Horse mackerel
Red seabream

Considering this classification, the species 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 belong to the same group, reference has been made to the high
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 [31]. Therefore, since farmed Atlantic
salmon has not shown the presence of anisakids [32], 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 trout, since they can be consumed as tataki,
marinated and smoked, respectively. And almost insignificant for the rest of the species that are
commonly consumed cooked in this region. In any case, if any of the other high-risk species (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 [33], can be prepared with any other white meat fish.

4. Discussion

Considering the results from anisakids survey, most participants seemed to be aware of
anisakids, although more than one fifth self-declared to ignore these parasites. Knowing the
occurrence of anisakids is important for the population health because, as found in our results, self-
declared awareness significantly predicted the actual knowledge about anisakids. Previous studies
have confirmed that the improvement in awareness and knowledge about anisakiasis is one of those
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responsible for the increase in number of cases reported in a growing number of countries [34]. In the
same direction, a current study developed by Ganucci- Cancellieri et al. [35], has shown that habits
related to the consumption of raw fish were positively correlated with a higher perceived risk of
contracting anisakiasis. Furthermore, prior knowledge of the disease was associated with prior
avoidance of fish consumption, positively correlated with a greater willingness to pay for anisakids-
free fish. Besides, 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 semi-cooked seafood,
such as sushi, ceviche, and sashimi in different European countries [36,37], mostly by young people.
Previous studies have already shown different food preferences according to gender and age [38,39].
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 studies on preferences in seafood consumption at
different ages, the certain 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 foods or medium-cooked
seafood. Knowing the heat treatment, >60°C for more than 1 min or freezing at -20°C for at least 24h
(the temperature must be reached in the center of the piece) to ensure the death of the anisakids, the
risk of anisakiasis in the population would be low. However, temperature treatment simply kills the
parasites but does not eliminate them, so the risk of allergy would still be present. 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
[40]. Anisakid proteins and DNA have even been found in highly processed seafood products, such
as surimi, canned tuna, or croquettes [41-43]. 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.

About preferences consumption, species with the highest risk of causing anisakiasis or anisakid
allergies, are expected to be those with a medium-high frequency of consumption, a high prevalence
of anisakids and consumed often raw, such as marinated in home-made preparations. According to
the aforementioned research by Golden et al. [20,36] in Portugal, the main risk group for anisakiasis
is formed of consumers who prepare raw or slightly processed fish dishes at home. The species most
commonly associated with anisakiasis in Europe are herring, hake, anchovy, and cod [44]. Anchovy
is considered one of the main causes of the high incidence of anisakiasis in Spain, together with the
raw sardines. In the case of anchovy, the frequency of consumption derived from this study is not
one of the highest, but anisakids prevalence has reached 96% (44% in flesh) in recent years [45,46].
From the results obtained, it is observed that for sardine, the frequency of consumption is one of the
highest, although anisakids 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 with this, hake could represent most risky species, due to their high average
frequency of consumption and high anisakids prevalence in flesh. Hake exhibits anisakids prevalence
between 17.7 and 100%, depending on the fishing area, being higher in the Bay of Biscay and the
Atlantic than in the Mediterranean Sea [47]. In fact, hake has been already rejected by consumers that
complain about high infestation of anisakids observed in edible tissues [48]. This species would
encompass a high risk of anisakiasis if consumed raw; however, typical recipes in this region involve
cooking at high temperature for more than one minute, often in cider [49]. Thus, its consumption can
be considered safe in the region if well cooked, although not for allergic persons. The rest of the
species would have a lower risk due to a lower average frequency of consumption, a lower prevalence
of anisakis larvae or a combination between them.
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The risk caused by this type of parasite is increasing, especially in countries with a high
consumption of raw fish [50,51]. Its importance has led to it being addressed within the “Sustainable
Development Goals” of the United Nations 2030 Agenda (United Nation 2015), specifically in Goals
2 and 3. Within 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 risky eating behaviors, such as anisakiasis. Additionally, Goal 3 of Health and
Well-being focuses its efforts on disease prevention (Goal 3d). However, and despite the severity of
the symptoms caused by these parasites in some cases, knowledge about them and global interest is
still low [52]. As already noted, [35] 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 on the Iberian Peninsula [20,36]. Furthermore, we must not forget
that the consumption of fish is part of a healthy and balanced diet, and it is important to avoid
unjustified social alarm about the risks of fish consumption. Consequently, the solution is education
and the development of specific and targeted campaigns, so that the population continues to consume
fish, but in a healthy and safe way.

In Spain these campaigns started some years ago. For example, the campaign “Come pescado con
sequridad” (Eat seafood with safety), developed in Murcia in 2007 [53]; or the Spanish Ministry of
Health and Consumer Affairs campaign for anisakiasis prevention launched at a national level in
2006 [54]. In 2021 the Spanish Agency for Food Security and Nutrition (AESAN) published a brochure
with the same purpose (“Comer pescado es sequro y saludable. La anisakiasis es fdcil de evitar”, “Eat seafood
is safe and healthy. Anisakiasis is easy to prevent”; [55]. At a larger scale, in 2021 the European Food
Safety Authority launched the communication campaign “EU Choose Safe Food” to inform the
consumers about safe food consumption [56], although anisakiasis and how to prevent it is not
explicitly considered therein. These campaigns are addressed to the general population. However,
following Good Practice of Manufacture (GMP) through the food chain [57-59], education campaigns
should be adapted to different sectors of the population, including medical doctors [60], and allergic
people as has been shown in this study. Knowledge of and attitudes towards food safety are not the
same for all the members of a society. For example, young men are less engaged in safe food-handling
[61]; safety perception of some foods are different between genders [62], and the prevalence of risky
practices increases with socio-economic status [63].

5. Conclusions

1. Our results support the idea that greater knowledge about anisakids implies better knowledge
about its safe consumption to avoid this disease. However, the risk of allergies would not be reduced.
2. The influence of respondents” age on the perceived risk of raw fish consumption suggests that
consumption habits are positively correlated with a higher perceived risk of contracting anisakiasis.

3. Anchovies and sardines will be the species with the highest risk of causing anisakiasis in the
region studied, due to the frequency of their consumption, a high prevalence of anisakids and their
consumption often raw in homemade preparations.

4. These results reinforce the need for information on how to consume seafood safely, improving
public education on different treatments to kill nematode larvae in campaigns adapted to different
sectors of the population. Allergic people require special treatment since no treatment can eliminate
nematode larvae.

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 edited a video posted on
YouTube, to facilitate quick, direct and free access to this information:
https://www.youtube.com/watch?v=Y1-gxvLfocY.
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