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Abstract

Purpose of the review Anisakis has gained cosmopolitan celebrity mainly through its
potential to induce allergic disease. In the last two decades, several regions in the world,
including the Mediterranean region, Japan, or Korea have reported high numbers of
Anisakiasis-accompanied allergic symptoms: Gastro-allergic Anisakiasis.
Recent findings Recent wide-scale epidemiological studies highlight the global scenario of
Anisakis for human health, and awareness is the main contributing factor. After two
decades of research in the field of Anisakis allergy, in the last years, molecular studies
of Anisakis allergens including omics research abound, fostered by available techniques
and the putative necessity to a more precise diagnosis. Knowledge in the form of new
massive data should be balanced against the creation of social and scientific alarm.
Summary In gastro-allergic Anisakiasis primary and secondary preventive measures
against acute allergic episodes include adequate fish processing before consuming it
raw or lightly cooked (deep freezing at − 20 °C for at least 24–48 h). Unfortunately,
experts working in very different fields do not prioritize basic knowledge of immune
biology of parasites and clinical allergy, risking an erroneous interpretation of allergic

http://crossmark.crossref.org/dialog/?doi=10.1007/s40521-020-00273-9&domain=pdf
http://orcid.org/0000-0001-7725-981X


features, which could have important deleterious effects on the global implementation of
a healthy fish-including diet.

Introduction

Growing awareness of a healthy style of life includes
dietary recommendations. Fish and seafood consump-
tion is not only a pillar of the appraised Mediterranean
Diet; it has widely been studied for its beneficial effects,
which could partly explain the long life expectancy of
populations with the worldwide highest per capita fish
consumption, such as Japan and Spain. Furthermore,
culinary and cultural phenomena bring about a world-
wide expansion of traditional raw fish eating. On the
other side of the coin are increasing health concerns
about the transmission of zoonotic diseases. Parasitic
disease produced by cestodes and trematodes are asso-
ciated with mainly freshwater fish, whereas Anisakidae
are cosmopolitan nematodes able to produce human
disease by infesting a vast array of saltwater fish [1••].
The unfortunate celebrity of Anisakis on the other side is
due to its associated allergic phenomena, which have
increasingly being reported in the last two decades, and
inadequate information not only at the consumer level,
but also in the scientific community risks to focus falsely
alleged adverse allergic health hazards over the widely
recognized health benefits of fish consumption. This
could have important deleterious effects on the imple-
mentation of a healthy diet [2].

Anisakids are parasites of the genera Anisakis,
Pseudoterranova, Hysterothylacium. Anisakis simplex,
Anisakis pegreffii, and Pseudoterranova decipiens are species
of major public health interest and associated with

marine fish, which are paratenic hosts. International
concern on anisakids relates not only to fast transporta-
tion systems and import. Several studies have shown
that anisakids can be detected in a vast array of fish
and cephalopods and have a worldwide distribution,
which also explains the cosmopolitan nature of reports
on Anisakiasis and allergic phenomena. A. simplex com-
monly occurs in various ecologically and economically
important fish species such as herring, mackerel, blue
whiting, cod, and monkfish [3].

The last years demonstrated sufficient evidence that
allergic food-borne phenomena due to Anisakis are as-
sociated with active parasitism by this nematode in both
clinically visible IgE-mediated reactions, as well as the
different forms of digestive Anisakiasis or even subclin-
ical parasitism, which is witnessed by the production of
specific IgE [4, 5]. This is due to Anisakis being a helmin-
thic parasite able to induce a Th2 immunologic response
in all affected individuals irrespective of their atopic
status [6]. Therefore, it is necessary to include in the
following paragraphs some information also on non-
allergic disease elicited by this nematode. The fact that
humans are only accidental hosts of Anisakis explains
that Anisakis and humans did not co-evolve, and there-
fore this larva does not survive more than a few days in
humans [7]. This fact is probably responsible for the
high prevalence of allergic phenomena associated with
this nematode.

History, epidemiology and risk factors of Anisakiasis and allergy

The story begins in 1955 when for the first time in Holland a nematode was
detected in a surgical procedure and identified as Anisakis sp. in a patient with
abdominal pain after eating raw smoked herring. In 1960, van Thiel identified the
third stage larva of Anisakis in surgical laparotomies and the term Anisakiasis as a
clinical entity has been used since then [8]. Lightly salted pickled herring (therefore
also called herringworm) was the source of acquisition of this parasite by the
patients. In 1968, a decrease of Anisakiasis cases was observed due to Dutch
legislation that required freezing of fish before further processing. After the
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description of the first case of Anisakiasis in Japan in 1965 [9], the real epidemi-
ological explosion can be attributed to Japanese reports due to a widely use of raw
fish-eating habits. Estimates of Anisakiasis are about 2000 cases/year for Japan,
South Korea 200 cases/year, or some of the European countries with 500 cases per
year [3]. But from all over theworld cases are reported, such as from theUSA, other
countries of Europe, Northern Africa, or even South-America [10–12].

Overall, gastric Anisakiasis is the most prevalent condition, and most cases are
reported from Japan, where gastroscopy is able to confirm the diagnosis and treat
in situ. Intestinal Anisakiasis is mainly diagnosed by hazard in surgical procedures,
whereas ectopic Anisakiasis is very rare.

On the other side, from the midst 90’s, allergic phenomena, previously men-
tioned by Japanese authors, have been systematically reported initially from Spain,
and then fromotherMediterranean countries. Of note, in Europe, allergic episodes
are more frequently diagnosed than gastric or intestinal Anisakiasis. Here preva-
lence data can be interpreted as estimates of allergic cases per year. However, data
are widely underestimated. As Anisakiasis with and without allergy is always
accompanied by production of specific IgE, the sensitization rate in a given
population should give accurate information about this population and previous
contact with the live parasite. There are data available from different countries that
are given in Fig. 1 and contrasted to the per capita fish consumption in a given
country. An idea of the epidemiology of gastro-allergic anisakiasis (GAA) can be

Fig. 1. Fish consumption is shown as per capita per day in gram for those countries, where data are available on prevalence of specific IgE
against Anisakis in the population. Estimates of IgE sensitization are given in percent as published in the different reports for Spain,
Portugal, Morocco, Italy, Norway, Croatia, Korea, and Japan [13, 14, 15–20]. Spain has an overall high fish consumption per capita
(113 g). A detailed analysis has shown an even higher consumption in the North-East Galicia compared to Central Spain, whereas here
sensitization against Anisakis is nearly undetectable due to absence of raw or undercooked fish eating habits, compared to the Central
region [20]. Interestingly, epidemiological studies show that fish consumption per se is not the main risk factor for sensitization
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derived fromone initial study on this entity, where 24 caseswere diagnosedofGAA
by visual confirmation of the larva in gastroscopic examination, but nearly 100
patients were diagnosed by clinical history and compatible allergic follow-up and
serial measurements (see below) [4, 21, 22].

A more recent estimate by a quantitative risk assessment model was devel-
oped and suggests that Spain has between 700 and 8320 Anisakiasis cases
annually [23••]. Two other epidemiological assessments based on national
hospital discharge data have given very interesting data, which highlight the
epidemic character of gastro-allergic Anisakiasis and are contrasted to sensitiza-
tion rates which demonstrate that the vast majority of sensitized subjects have
produced specific IgE without any clinical symptoms [24••, 25•]. Importantly,
awareness of this disease is crucial to diagnose this entity and that those
countries who have proceeded to search for sensitization rates or Anisakiasis
cases show considerable underestimation of cases. Another reason for the
underestimation of gastric and gastro-allergic cases is the fact that only patients
with the most severe cases search for medical advice and mild cases can nurture
the high “subclinical” sensitization rate in endemic areas.

Indirect data give also information about the relationship of Anisakis and
allergic disease. Thus, data on the sensitization rate in patients with chronic
urticaria (CU), with other allergic urticaria episodes or from a pool of patients
in the allergy clinics are always higher than in the general population and thus
should be studied with respect to the encountered association. In patients with
CU, several reports show in endemic regions, as are Spain and Italy, positive
specific IgE against Anisakis in between 49.7 and 55% of patients [26–28].

Epidemiologic studies have shown that several species are implicated in
Anisakiasis cases, such as mackerel, herring, anchovies, sardines, blue whiting,
or hake, only to name some of the commercially available fish species in Europe
or cuttlefish, corvina, sea eel, ling, fatfish, yellowtail, scabbard fish, sea bream
and others as published from Korea [27]. This suggests that almost every fish
could be affected, but fish preparation is the main risk factor and not so much
the species per se. Otherwise, as can be seen from Fig. 1, there is no direct
correlation of fish consumption and sensitization or risk of Anisakiasis. There is
a very low sensitization rate, but high fish consumption in NorthWest Spain or
Norway, due to the fact that in these regions fish is eaten mainly well cooked or
if eaten raw, is previously frozen [28, 29]. On the other side, there are some fish
species, such as blue whiting and hake, with high infection rate, which are not
eaten in raw specialities, but harbor a risk of parasitism when undercooked.

Clinical symptoms

Anisakis infection associated disease has been described from the 60s, initially
from raw-fish eating Dutch and then Japanese sushi-eating populations, further
from the mid 90s clinically overt allergic reactions have been associated with
this parasite and have produced a world-wide concern. Research focus has now
extended to several disciplines, not only in the field of fisheries, parasitology,
food safety, but also to several specialities in Medicine. Up to 20% of published
papers on Anisakis are associated with analysis of allergic phenomena in the last
years [2]. Thus, classical diseases are digestive diseases and emerging diseases are
associated with allergic phenomena.
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Classical and digestive diseases
Clinical forms are classified as gastric, intestinal, or extra-intestinal Anisakiasis
depending on the location [30]. The most commonly reported form is acute
gastric Anisakiasis, followed by acute intestinal Anisakiasis. However, most
human cases of Anisakiasis are expected to go unreported, without causing
any symptoms or clinical signs, but leaving IgE as witness of previous parasitic
episode. In acute cases of gastric Anisakiasis, patients complain typically of
epigastric pain, nausea, and vomiting. These symptoms occur mainly within
hours of the intake of the suspected meal and are produced by the local
inflammatory reaction when the worm penetrates the gastric mucosa. Emer-
gency diagnosis and treatment includes gastroscopic visualization and extrac-
tion of the live penetrating larva.

Emerging and allergic diseases
After the first descriptions of Anisakis-associated anaphylaxis [31, 32], as soon
as by 2000, it has been well established that acute allergic symptoms, such as
urticaria, angioedema, or anaphylaxis, are elicited by the live third stage larva of
Anisakis. This emerging entity is called gastro-allergic Anisakiasis (GAA) [4, 21,
33]. GAA was initially described for Anisakis simplex, but a further study showed
this entity also to be produced by A. pegreffi [34]. The acute IgE-mediated
generalized reaction with cutaneous (urticaria-angioedema), and/or respiratory
(rhinitis and asthma) symptoms can be accompanied typically by abdominal
symptoms like nausea, vomiting, or epigastric pain, but remain often mild or
even absent in this clinical picture. Symptoms appear similarly to gastric
Anisakiasis mainly after some hours of the intake of raw or undercooked fish,
but sometimes the time interval can be as long as 24 or even 36 h, a fact which
renders difficult diagnosis. Frequently, suspected agents to be responsible for
the acute allergic reaction include drugs and several other food items, taken
within the long time interval, even other well-cooked fish in patients with a
high weekly fish intake. Of note, Japanese authors already described urticaria in
about 8.4% of cases as one of the possible symptoms accompanying gastric
Anisakiasis [5, 35]. Comparison of gastric Anisakiasis cases from Japan and
Spain highlights that Japanese suffer more from gastric complaints without
allergic symptoms, which rapidly lead to gastroscopic examination, whereas
in Spain, the predominating entity is gastro-allergic Anisakiasis. Whether this is
due to genetic factors, different sibling species ofAnisakis or other undetermined
factors is unknown. In fact, abdominal symptoms had already been attributed
to be an “allergic” response, because of specific IgE production in these patients
[5].

Anisakis sensitization-associated chronic urticaria (CU+) has also been
linked with this nematode. The detection of specific IgE in these patients has
to be interpreted as a sign of a previous acute parasitism. In this scenario, the
parasitic episode often goes clinically unidentified. The high percentage of
sensitization of CU patients in endemic regions described above show that
due to still unknown causes sensitized patients have a higher risk of suffering
chronic urticaria [26, 27, 36, 37]. In order to study the role of anti-Anisakis IgE
antibodies in frequent fish-eaters and its association with the chronic reaction, a
prospective clinical study was conducted which showed unexpectedly, that
patients who followed a diet without fish had a worse prognosis [37]. Several
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studies have shown that CU+ behaves differentially when compared to non-
sensitized CU patients [27, 37, 38]. Prognosis has been shown to be better in
sensitized patients, and immunologic studies have shown that much can be
learned in the Pandora box of CU. If Anisakis is not interpreted as a mono-
causative agent but as one of the possible modulating factors in a multifactorial
etiology of CU, it leaves possible range for therapeutic advice.

The fallacy of allergic risk

Hypothetical considerations, but without clinical correlation, have prompted
some authors in the laboratory setting to postulate acute allergic reactions to be
also possible when sensitized patients enter in contact with allergen alone from
killed parasite. Early studies have however shown that gastro-allergic patients
with even anaphylaxis challenged with a high number of inactivated larvae or
even high doses of excretory-secretory proteins did not show positive reactions
[39, 40]. As this concern prompted European authorities to revise the evidence
of these statements, it was prudently summarized that “the relative epidemio-
logical impact of the described clinical descriptions is unknown” [3]. Notwith-
standing, the number of laboratory studies assessing putative new allergens and
experimental studies with artificial sensitization procedures outnumber by far
clinical and epidemiological studies. As a recent example, another Anisakid
Pseudoterranova decipiens has been shown to sensitize mice after intraperitoneal
inoculation with anisakid proteins [41], but clinical relevance in humans
cannot be inferred. This risks a publication bias by repetitive statements on
the allergenicity of Anisakis molecules, which is based on hypothetical consid-
erations in the food-allergy setting without taking into account most important
host-parasite immunology and different immune regulatory features.

Progess in allergens identification and their significance

It should be highlighted that Anisakis allergens are not food allergens. Even if
not broadly accepted, a proper definition of allergen should include necessity of
the allergen to be a non-parasitic antigen [42]. This is logical, as the IgE response
against helminths is universal in mammals [7, 43]. Notwithstanding, IgE-
producing parasite-derived antigens have been isolated and characterized, and
the international nomenclature consensus has been applied to these proteins of
A. simplex as Ani s 1 through Ani s 14 [44•]. Most of the allergens are excretory-
secretory proteins (ESP), putatively implicated in the acute allergic reactions,
whereas Ani s 2 and Ani s 3 (paramyosin and tropomyosin respectively) are
somatic allergens. Further potential novel allergens have recently been pro-
posed by proteome or transcriptome data analysis [45, 46]. Similarly,
A. pegreffi has been shown to have similar allergens [47•].

Without merging into the individual characteristics of the allergens, general
and well-studied concerns are the heat-, gastric digestion-, and freezing-stability
of several allergens as assessed in food security evaluations, without again
taking into account that GAA is not a food allergy. Major allergens (as defined
by the recognition of 9 50% of sensitized individuals) are Ani s 1, Ani s 2, Ani s
7, Ani s 12, and Ani s 13. Big data are now emerging also in this field and an
ever-increasing amount of possible allergens, but caution is warranted not to
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study and interpret them as if they were food allergens, because it has already
led to the false assumption of allergenicity of dead or inactivated Anisakis
material in a “hidden allergen” scenario. However, it has been demonstrated
that these allergens are only relevant in the special situation of the live larva
actively invading the mucosa of the gastro-intestinal tract. This is not only due
to the fact, that some of the recognized allergens are actively produced and
secreted (ESP) during the migration of the larva through the gastro-intestinal
mucosa, facilitating the penetration of host tissues and the digestion of tissues
for nutrients [48, 49•]. It has also been shown that the invading larva induces
not only an IgE response, but also a parallel production of other isotypes of
immunoglobulins, such as IgG4 and IgA [50]. These are expected, together with
other unknown immune-regulatory factors, to hinder minute quantities of
allergens to be able to elicit degranulation of mast cells and thus the allergic
response to isolated allergens of an inactivated or dead larva. Only massive
secretion of allergens by the live larva is able to overcome these protective
factors [7]. Zamora et al. showed that A. simplex larval antigens gave rise to
murine dendritic cells with a “semi-mature” phenotype, characteristic of
anthelminthic Th2 responses, with low expression of surface activationmarkers
[51••]. The Th2 response can induce tolerogenic dendritic cells, generating a
balance between Th2 and Treg cells [52].

Peculiarities of allergic Anisakis disease

The pathogenesis of the acute IgE-mediated reactions induced by Anisakis in
gastro-allergic Anisakiasis is the same as in food allergy, at least in the final steps,
when IgE bound to the mast cells or basophils recognize specific allergens and
cell degranulation leads to local and/or systemic symptoms. Like in other
helminth infections, but also in allergies, a Th2-skewed immune response is
associated with IgE production, eosinophilia, as well as mast cell activation. The
difference lays in the early steps, as described above. Live larva is accidentally
ingested within a raw or undercooked fishmeal, and it is the live larva, which
“decides” when it enters the gastric mucosa (sometimes several hours later),
situation necessary to induce clinical symptoms. In gastric Anisakiasis, the same
mechanisms have long been postulated to lead to local swelling and epigastric
pain, associated with eosinophilic infiltration [5]. Granuloma formation due to
a foreign body reaction accounts for the chronic manifestations of Anisakiasis.
Interestingly, it has been shown that in these chronic manifestations, no acute
allergic IgE-mediated reactions precede granuloma formation and even postu-
lated that the allergic reaction is able to protect the host from further larva
migration, expelling the parasite early [7, 53]. Very early gastroscopic examina-
tions in the emergency room have shown in GAA mucosal ulcerations erosions
or hemorrhagic points due to a recently expelled larva [22, 32].

With regard to the possible pathomechanisms leading to chronic urticaria in
CU+, it cannot be discarded that the by long higher sensitization rate in this
entity compared to the general population in the same area is only a non-causal
association. On the other side, the fact, that the sensitization phenotype is
clinically and immunologically different compared to non-sensitized CU,
points at least to regulatory features of previous contact with Anisakis in CU.
Interestingly, although raw fish-eating habits is a clear risk factor for
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sensitization as well as clinical visibility of sensitization (GAA, CU+), these
patients consume frequently much fish overall. Especially oily fish intake has
not only been associated with anti-inflammatory cytokine production. In addi-
tion, those patients with better prognosis of CU, as measured by evolution of
Urticaria Activity Score, consumed habitually more oily fish. In fact, a tempo-
rary diet without fish led to a worse UAS outcome compared to those who
continued to consume fish (but avoiding raw or undercooked fish). These data
indicate that dietary factors associated with Anisakis sensitization are able to
modulate the activity of urticaria, irrespective of probably other multifactorial
genesis of CU [37]. Anisakis larval antigens potentiate different responses de-
pending on the host base factors through induction of both immature and
inflammatory dendritic cells. BALB/c mice generated an acute, inflammatory
and susceptible response, with higher expression of IL-12 and lower IL-10 than
C57BL/6 J mice, which developed a discrete and resistant response [51••]. This
imbalance can determine tissue damage (Th1/Th17), expulsion of parasites
(Th2), or asymptomatic infection (Treg/Th2) [54].

Diagnostic approaches

Perhaps even more than in other fields of Allergology, in the case of allergic
features associated withAnisakis, the clinical history is themost important guide
for further assessment. An acute reaction of urticaria/angioedema or anaphy-
laxis should not only include the description of the ingested foods or drugs in
the few hours before the onset of symptoms. It should also directly ask for fish
intake and preparation (raw, undercooked? previously frozen?) with a wider
range up to 24 or 36 h. In the emergency room and when abdominal symp-
toms are important and accompanying the allergic reaction, the gastroscopic
examination can be diagnostic and therapeutic. In the allergologic laboratory
work-up, a first search for sensitization by means of positive skin prick test or
specific serum IgE is useful in order to discard previous Anisakis contact, but a
positive test, irrespective of the IgE titer, does not necessarily be diagnostic, as it
only shows a previous parasitic contact at any time in the patient’s life. There-
fore, serial measurements of specific IgE have been proposed to have a high
diagnostic specificity for a recent contact if levels are on the rise for 4 weeks and
fall afterwards during the next 6 months. Likewise, polyclonal stimulation after
the parasitic episode elicits also elevation of total IgE, whose curve goes parallel
to that of specific IgE [55].

Cross-reactivity is one of the possibilities for subjects to display positive IgE
against Anisakis [56, 57]. Antigens of this nematode may cross-react with
homologous antigens of other ascarids, such asAscaris suum, Ascaris lumbricoides,
Hysterothylacium aduncun, or Toxocara canis, but also other helminths [58•, 59,
60] or even species from other invertebrate orders [57]. Typically, cockroaches,
chironomids, or dust mites from the respiratory allergens or crustaceans and
mollusks from the food allergens are able to cross-react with Anisakis. Somatic
pan-allergens Ani s 2 and Ani s 3 (paramyosin and tropomyosin, respectively)
are more likely to cross-react, whereas excretory-secretory proteins are more
frequently species specific [58•]. Of these, Ani s 1 and Ani s 7 are considered to
have no cross-reactivity with other allergens; furthermore, these proteins have
higher allergenic potential and can therefore be used to diagnose previous
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Anisakiasis cases with possibly higher sensitivity. In the era of component-
resolved diagnosis in Allergology, there is also scientific endeavor to lead
Anisakis diagnosis to the Allergy field [61]. However, as diagnosis is mainly
based on clinical suspicion, together with the fact that current extracts for skin
tests and in vitro diagnosis are very sensitive, diagnostic sensitivity is therefore
not the current problem in diagnosis. Interestingly, Ani s 13 is hemoglobin and
should be suspected to have cross-reactive panallergenic potential. But specific-
ity of this major allergen has been shown, especially absence of IgE reactivity to
the phylogenetically closely related Ascaris hemoglobin in Anisakis-sensitized
patients rendering Ani s 13 a potential candidate for developing more specific
diagnosis tools [62]. However, native Ani s 13 was superior in sensitivity
compared to recombinant Anis s 13, a fact to consider when searching for gold
standard in the diagnosis of allergic disease [63].

Many of thementioned studies justify on searching for new diagnostic tools.
Like in other medical conditions, delegating diagnostics to sophisticated mo-
lecular tools compromises basic diagnostic work-up as described above. Fur-
thermore, it encourages indirectly assessing Anisakis allergy like in food allergy.

Treatment and prevention

Symptomatic treatment of acute allergic reactions in the emergency room does
not differ from that in food allergies. Gastroscopic examination and larva
extraction will rarely be necessary due to the expulsion potential of the allergic
reaction [7, 21]. Pharmacological treatment of CU+ begins with stepwise use of
antihistamines and can include in severe cases use of immunomodulatory
drugs.

Patients should bemotivated not to reduce their habitual fish consumption,
but should be advised to avoid intake of raw or undercooked fish if not
adequately frozen previously [3]. Proper food preparation is sufficient for
inactivation of parasites and also to avoid allergic reactions.

On the epidemiological level, preventivemeasures for Anisakiasis have been
implemented in different regions due to the risk of acute parasitism with
Anisakis [3]. It has been documented that traditional processing methods are
not sufficient to kill Anisakis. Importantly, freezing at − 20 °C for not less than
24, preferably 48 h, or heat treatment at 9 60 °C at the core of the fishery
products for at least 1 min are recommendations of the European Food Safety
agency, which takes into account also the emerging allergic phenomena [3].
These basic fish-eating preparations and habits should avoid on a grand scale
new allergic episodes also in already sensitized individuals. In fact, recent
studies about the effectiveness of freezing or the gene expression profiles of
antigenic proteins have translational character and underpin the usefulness of
proper fish treatment before consumption for prevention of parasitic disease
and accompanying allergic reactions [49•, 64•]. Another study assessed tradi-
tional open-air drying of stockfish fillets of Northeast Arctic cod concluding this
method as an alternative and efficient treatment for inactivation of anisakids
[65•].

Another point is prevention and regulation on fishing practices. Control
measures could focus on the post-harvest handling, storage, and preparation of
fish in order to avoid post-fishing migration of larvae into the flesh [66], as well
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as control of the practice of waste elimination from fishing vessels, one of the
suspected but avoidable factors accounting for the increasing incidence of
Anisakidae in fish.

Conclusions and future perspective

Anisakis-induced disease follows several features of globalization. On one side,
culinary preferences including raw fish dishes are spreading around the world;
on the other side, migratory patterns of fish as well as methods in fishing
practices are probably behind the ever-increasing infection rates of commercial-
ly available fish by anisakids. However, clinical awareness and scientific dis-
semination are also spreading, and reports of allergic features associated with
Anisakis are to be expected to still increase in the next decades. Experimental and
laboratory research have been able to elucidate some of the responsible mech-
anisms of disease in GAA and CU+, whereas clinical studies have underpinned
the necessity of a live larva to induce acute allergic IgE-mediated symptoms, a
fact that makes this entity highly preventable.

It has been shown that in CU not only sensitization to Anisakis is associated
with a different phenotype; also, fish intake per se seems to modulate its
prognosis. As with other parasites, research is also focused on the possible
immuno-regulatory features of some compounds of Anisakis [67, 68]. The
future will show if Anisakis-derived factors could account for influencing urti-
caria severity and even be used therapeutically.

Healthy fish-eating habits, such as in the Mediterranean Diet are at risk
because of fears about mercury or chemical contaminants, but also increased
awareness of parasite infection and allergies, especially by Anisakis spp., and
may result in reduced fish consumption, even when it has been demonstrated
that only live parasites are able to elicit disease [2].

According to FAO, it is necessary to assess the health benefits and risks
associated with the consumption of fish and balance them in order to enjoy
the benefits while minimizing the risks [69]. Although high compliance with
recommended fish consumption patterns can improve public health, unintend-
ed shifts in consumption can lead to public health losses [70]. The world-wide

Table 1. Differences between food allergy and Anisakis-induced allergy

Food allergy Anisakis-induced allergy
Clinical symptoms Typically IgE-mediate (urticaria-angioedema,

anaphylaxis, asthma)
Typically IgE-mediated + digestive symptoms

Latency Immediate Immediate up to 36 h

Atopy Yes Not necessary

Challenge test If relevant positive Always negative

Co-factors Sometimes NSAID, exercise, alcohol Live larva as “co-factor” necessary

Matrix of allergy Food item Parasite

Immune type Th2 Th2 + Th1

Immunoglobulins IgE IgE + IgG+ IgA + IgM
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expansion of raw fish-eating habits and restaurants which offer raw fish spe-
cialties should therefore not only be seen through the prism of Anisakis-induced
health hazards, but one should be aware of the opportunity not only from the
culinary viewpoint, but also as a means of partially satisfying essential nutri-
tional necessities. Proper handling of raw fish prior to its intake has been shown
to be sufficient to inactivate possible parasite hazards (Table 1).
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