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Abstract

Compared with other well-studied parasitic diseases, fish-borne parasitic zoonoses do not get enough attention, especially
because these zoonoses have been limited for the most part to populations living in low- and middle-income countries in Europe.
Human fishery product-borne parasitic diseases caused by nematodes are the results of infection following ingestion of viable
parasites, or as allergic reactions against parasite antigens. With the globalization of the seafood industry, the risk of humans
acquiring anisakiasis in developed countries appears to be underestimated. For allergy, the only implicated parasite in fishery
products is the nematode Anisakis simplex.
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1. Introduction

The prevalence of food allergy in Europe is uncertain'. Using food challenges as a criterion for 61 diagnoses, the
prevalence of food allergy in Europe has been estimated to be between 3 and 4%. About 75% of allergic reactions
among children in Europe are due to eggs, peanut, cows’ milk, fish and various nuts’. Gastrointestinal worms
represent a huge global burden of disease, with more than 2.5 bilion people infected®*. Traditionally, these parasites
are much more prevalent in developing than developed countries’.
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The infection known as anisakiasis (or anisakidosis) is often associated with acute gastrointestinal symptoms
such as abdominal pain, diarrhoea, nausea and vomiting. However patients range from being asymptomatic to
requiring emergency room care. In addition, IgE mediated allergic reactions to a range of allergenic proteins are
often reported. Some of these allergens, tropomyosin and paramyosin, demonstrate strong molecular and
immunological cross-reactivity to other invertebrates, including crustaceans and mites, but are only distantly related
to trematodes and cestodes. Since 1960 when anisakiasis was first described, thousands of cases have been reported
from Japan and hundreds from Europe as well as from other parts of the world®.

2. Anisakis in humans

The country with the highest prevalence of Anisakis infections in humans is Japan’. Infected sushi and sashimi
(national dishes of raw fish) are a significant source of human infection, with 2000-3000 cases of anisakiasis being
reported annually®. In Italy, where marinated or raw fish is a culinary tradition in some region, the actual incidence
of anisakiasis is belived to be grossly underestimated in human due to the high prevalence of parasitized fish in the
Mediterranean region’. The globalization of provincial cuisine, development of better diagnostic tools and greater
awareness has led to more frequent reporting of anisakiasis in those countries as well as in other countries like
Korea, Australia, China, Croatia and the United States of America'®!!. In Norway, only a few cases of human
anisakiasis have been recorded in association with the intake of raw or only lightly processed fresh marine fish'*".
In 2014, the first case of anisakiasis presenting as a bowel obstruction in a child in Croatia'* and the first anisakid
detected in an endocervical adenocarcinoma in a German-American female from the United States of America'’
were reported.

Humans are accidental hosts and become infected upon consumption of raw or under-processed marine fish and
cephalopods contaminated with the third stage larvae. The parasites cannot survive in human hosts and usually
become regurgitated or expelled or dead in a few days or weeks. Usually within a few hours after ingestion, the
burrowing of the worm into the intestinal wall and subsequent death results in an acute and transient infection
manifested by such symptoms as abdominal pain, nausea, vomiting, and/or diarrhea. The condition may sometimes
mimic several other gastrointestinal disorders such as gastric ulcer and acute appendicitis'®.

Because the symptoms of anisakiasis are non-specific, the disease is often misdiagnosed. For example, in a single
study, over 60% of the cases were diagnosed preoperatively as appendicitis, acute abdomen, gastric cancer or
Crohn’s disease'’. The clinical diagnosis is usually performed through endoscopy or radiological examination,
whereas various immunologic assays have been used for indirect diagnosis, including the skin-prick test,
complement fixation test (CFT), immunofluorescent-antibody test(IFAT), immunodiffusion test (IDT),
immunoelectrophoretic assays, enzyme-linked immunosorbent assay (ELISA), and radio-allergosorbent test
(RAST). Interpretation of the serological tests may be difficult because anisakiasis patients’ sera cross-react with
antigens from closely related nematode species (e.g. Ascaris and Toxocara species) and because sera from
unaffected individuals may contain specific antibodies which can give false-positive results against Anisakis
antigens. Of all serodiagnostic assays, the RAST is the most sensitive and specific'”.

3. Allergic responses in human and anisakis allergens

While helminths do not usually induce allergic responses in humans, anisakids often do. Clinical signs include
urticaria and gastrointestinal response'®. Also, acute allergic reaction can be seen with minor gastrointestinal
problem’. Acute urticaria and angioedema affects 20% of the population at some time in their lives, particularly in
young adults'®and although usually self-limiting and not life threatening, the condition is nevertheless unpleasant as
a result of the intense itching, inability to sleep and even disfigurement when angioedema is present. Angioedema is
associated with urticaria in 30% of cases, and is potentially life threatening because of the risk of oedema of the
glottis. Anaphylaxis is a rapidonset and dangerous syndrome characterized by urticaria, angioedema, severe
respiratory and gastrointestinal symptoms, collapse and shock. The first signs of an allergic reaction usually appear
within 60—120 minutes after ingestion of infected fish but can take up to six hours®.

Currently, 12 allergens have been identified in 4. simplex (Table 1). Patients may be exposed primarily to
somatic antigens from dead larvae in food, excretory—secretory (ES) antigens when there is expulsion or surgical
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removal of the intact larvae, or both, in cases where the larva penetrates the tissue, is killed by the host, and
subsequently degenerates inside the host'®. Many allergens of Anisakis are heat- and/or pepsin-resistant'® and most
of them are present in ES products. The major allergens of Anisakis (recognised by more than 50% of patients
analysed) are considered to be Ani s 1 and Ani s 7%, although in one study Ani s 5 was recognised by 49% of
patients (41/84). The 24 kDa Ani s 1 is recognised by 67-87% of patients with gastroallergic anisakiasis and is not
detected by asymptomatic individuals®'.

Table 1. Allergens of Anisakis simplex’.

Allergen Molecular weight Nematode antigen ~ Protein Reactivity in sensitised
(kDa) patients

Anis 1 24 ES Kunitz-type trypsin ~ 85%

inhibitor

Anis?2 97 Somatic Paramyosin 88%

Anis3 41 Somatic Tropomyosin Unknown

Anis 4 9 ES Cystatin 27%

Anis5 15 ES SXP/RAL protein 25%-49%

Anis 6 7 ES Serpin 18%

Anis 7 139 ES Glycoprotein 83%-100%

Anis 8 15 ES SXP/RAL protein 25%

Anis?9 14 ES SXP/RAL protein 13%

Anis 10 22 Unknown Unknown 39%

Anis 11 55 Unknown Unknown 47%

Anis 11-li Unknown Unknown Unknown Unknown

Anis 12 Unknown Unknown Unknown 57%

Legend: ES-protein from excretory—secretory products.

The most important prevention method is to raise the awareness of consumers and producers about the existence
of anisakid worms in fish and to recommend avoiding the consumption of raw or poorly cooked, marinated, or
salted marine fish or squid. Anisakid larvae can be easily killed by adequate cooking at temperatures > 60°C or
freezing, but most probably not by salting and marinating. The US Food and Drug Administration (FDA)
recommends that all shellfish and fish intended for raw consumption should be blast frozen to -35°C or below for 15
hours or be regularly frozen to -20°C or below for seven days®. Other countries in the EU, UK, Australia and
Canada also have similar national food safety guidelines'”*.

Acknowledgement

This paper was supported by the Ministry of Education, Science and Technological Development of the Republic
of Serbia, Project TR 31011.

References

1. Baltic M, Ivanovic J, Janjic J, Boskovic M, Markovic R, Djordjevic J, Dokmanovic M, Glisic Milica. Allergenic proteins in fish. 7th
International Conference Water and Fish, Faculty of Agriculture, Belgrade — Zemun, Serbia, June, 10-12. 2015. 88-94.

2. EFSA. Scientific Opinion on the evaluation of allergenic foods and food ingredients 2 for labelling purposes, EFSA Panel on Dietetic Products,
Nutrition and Allergies (NDA) European Food Safety Authority (EFSA), Parma, Italy. 2014:127-136.

3. World Health Organization. Soil- transmitted helminths. Geneva, Switzerland: World Health Organization; 2012. Available from:
http://www.who.int/intestinal_worms/en/.

4. Baltic ZM, Boskovic M, Djordjevic V, Markovic R, Dimitrijevic M, Pavlicevic N. Fish-borne parasitic zoonoses with special reference to
anthropogenic impact.6th International Conference Water and Fish, Faculty of Agriculture, Belgrade — Zemun, Serbia, June, 11-13. 2013.
129-136.



104

Jelena Ivanovic et al. / Procedia Food Science 5 (2015) 101 — 104

5. Baltic M. Anisakis spp. paraziti riba patogeni za coveka. Veterinarski glasnik 1990;12:1149-55.

6. Audicana MT, Ansotegui 1J, de Corres LF, Kennedy MW. Anisakis simplex: dangerous—dead and alive? Trends Parasitol 2002:18:20-5.

7. Baird FJ, Gasser RB, Jabbar A, Lopata AL. Foodborne anisakiasis and allergy. MCP:28(4):167-74.

8. Yorimitsu N, Hiraoka A, Utsunomiya H, Imai Y, Tatsukawa H, Tazuya N, Michitaka K. Colonic intussusception caused by anisakiasis: a case

report and review of the literature. /M 2013:52(2):223-26.

9. Markovic M, Baltic M, Teodorovic V, Markovic M, Karabasil N. Ucestalost i intezitet invazije riba larvama nematoda roda Anisakis, Zbornik

10.

11.
12.

15.
16.
17.

18.
19.

20.

2

—_

22.

23.

radova, 10. Savetovanje veterinara Srbije, Zlatibor 1997; 347-355.

Arizono N, Yamada M, Tegoshi T, Yoshikawa M. Anisakis simplex sensu stricto and Anisakis pegreffii: biological characteristics and
pathogenetic potential in human anisakiasis. Foodborne Pathog Dis 2012:9(6):517-21.

Pravettoni V, Primavesi L, Piantanida M. Anisakis simplex: current knowledge. Eur Ann Allergy Clin Immunol 2012:44(4):150-56.

Borges JN, Cunha LFG, Santos HLC, Monteiro-Neto C, Santos CP. Morphological and molecular diagnosis of anisakid nematode larvae
from cutlassfish (Trichiurus lepturus) off the coast of Rio de Janeiro, Brazil. PloS one, 2012:7(7), e40447.

. Chavez RA, Gonzalez MT, Oliva ME, Valdivia IM. Endoparasite fauna of five Gadiformes fish species from the coast of Chile: host ecology

versus phylogeny. J Helminthol 2012:86(01):10-5.

. Juric I, Pogorelic Z, Despot R, Mrklic I. Unusual cause of small intestine obstruction in a child Small intestine anisakiasis: report of a case.

Scot Med J 2013:58(1):¢32-¢36.

Ramanan P, Blumberg AK, Mathison B, Pritt BS. Parametrial anisakidosis. JCM 2013:51(10):3430-34.

Baltic M. Paraziti Anisakis spp u ribi i njihov higijenski znacaj. Hrana i ishrana 1990;32(3):163-65.

EFSA Panel on Biological Hazards (BIOHAZ) Scientific Opinion on risk assessment of parasites in fishery products. EFSA Journal 2010;
2010:8(4):1543. pp.91.

Kaplan A. Urticaria y angioedema. In Alergia Principios y Practica Middleton, E. Et al., editors. 1992:1277-1298.

Caballero ML, Moneo LSpecific IgE determination to Ani s 1, a major allergen from Anisakis simplex, is a useful tool for diagnosis. Ann
Allergy Asthma Immunol 2002:89:74-7.

Anadon AM, Romaris F, Escalante M, Rodriguez E, Garate T, Cuellar C, Ubeira FM. The Anisakis simplex Ani s 7 major allergen as an
indicator of true Anisakis infections. Clin Exp Immunol 2009:156:471-78.

. Shimakura K, Miura H, Ikeda K, Ishizaki S, Nagashima Y, Shirai T, Kasuya S, Shiomi K. Purification and molecular cloning of a major

allergen from Anisakis simplex. Mol Biochem Parasitol 2004:135:69-75.

US Food and Drug Administration (FDA). Fish and Fishery Products Hazards and ControlsGuidanceChapter 5,
http://www.fda.gov/downloads/food/guidanceregulation/ucm252393.pdf.
Baltic ZM, Kilibarda N, Dimitrijevic M. Cinioci od znacaja za odrzivost ribe i odabranih proizvoda od ribe u prometu. Tehn mesa
2009:50:166-76.



