
madx.com

With Dr. Christian Harwanegg
More on page 14

CEO INTERVIEW: 
HUMAN CAPITAL

Sensitisation, 
reactions, diagnosis
More on page 3

ALLERGY AGAINST 
SHELLFISH AND 
FISH

EDITION # 3JUNE 2023

ADVERSE REACTIONS  
TO SEAFOOD

https://www.madx.com


2

OPENING

EDITORIAL

DEAR READERS,

welcome to the third issue of THE XPLORER. 

One year has passed since we launched this 

magazine, and we have received lots of positive 

feedback about the digital and print version – we 

want to say thank you for that.

This feedback motivates us to publish two more issues with interest-

ing and educational contents this year. The third summery issue of THE 

XPLORER is dedicated to the topic of seafood allergy. Seafood is one of 

the “big 8” food groups causing the most adverse reactions after con-

sumption. Detection of sensitisation to corresponding allergens that fall 

into this category is not easy due to frequent cross-reactions and poor 

standardisation in extract-based tests.

In the second part of this issue, we want to inform you about two big 

developments at MADx: The introduction of the new hardware system 

MAX 9k, as well as the product launch of the first quantitative IgE-test 

specifically developed for pets: the PAX pet allergy Xplorer. Finally, 

you will find an overview of the most important events and congresses 

MADx will be represented at this year. 

I hope you enjoy the third issue of THE XPLORER!

Christian Harwanegg

CEO Macro Array Diagnostics
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Seafood allergy
INTRODUCTION

Seafood plays an important role in human 

nutrition, but it can also provoke adverse re-

actions in susceptible people. Seafood and 

seafood products are becoming increasingly 

popular. The global per head consumption is 

estimated at 22.3 kg. The leaders in seafood 

consumption are the Republic of Korea (78.5 

kg per capita), followed by Norway (66.6 kg) 

and Portugal (61.5 kg). 1

Regarding the diversity of seafood consumed, 

patients with adverse reactions to seafood may 

fail to identify the offending species. However, 

in-vitro diagnostic tests have the potential to 

identify the culprit allergenic molecules and thus 

contribute to an improved and more differentiated 

diagnosis of seafood hypersensitivity reactions.

CLASSIFICATION OF SEAFOOD

The term seafood refers to different groups of 

edible aquatic animals including fish and shell-

fish, i.e., crustaceans and mollusks. 

Fish are divided into bony and cartilaginous fish. 

Bony fish have bony endoskeletons and include, 

e.g., cod, salmon, and catfish. The endoskeleton 

of cartilaginous fish, which include sharks and 

rays, consists of cartilage. Despite pronounced 

cross-reactivity between allergens from dif-

ferent fish species, there also seem to be epi-

topes which are specific to distinct fish species, 

reflected in “mono-sensitisation” to specific 

groups, such as salmon and trout.2

Shellfish, in the context of culinary seafood con-

sumption, constitutes a diverse group of species 

subdivided into crustaceans and mollusks. 

Crustaceans are aquatic arthropods with an 

exoskeleton (i.e., lobsters, prawns, shrimps, and 

crabs) and are closely related to arachnids (e.g., 

dust mites, spiders) and insects (e.g., cockroach, 

edible insects such as house cricket or meal-

worm). This might provide an explanation for 

molecular and clinical cross-reactivity.

Mollusks are edible invertebrates living in 

aquatic or damp habitats, characterised by a 

soft unsegmented body often covered by an 

external calcareous shell. They include snails, 

clams, oysters, mussels, scallops, squids, etc.3 

Like for fish allergens, both extensive cross-re-

activity and species specific IgE-reactivities 

were described for allergens of crustaceans and 

mollusks. Most allergens responsible for shell-

fish allergy, including the major allergen tropo- 

myosin, are heat-stable proteins.

Although several hundred different types of 

mussels are consumed worldwide, almost 80% 

of all allergic reactions to shellfish involve crab or 

shrimp. This is partly due to the high production 

and consumption compared to other shellfish 

species. Biologically, all edible shellfish species 

are invertebrates belonging to the Arthropoda or 

Mollusca family.

ADVERSE REACTIONS

Different mechanisms were described that 

can account for adverse reactions to seafood. 

However, regardless of the underlying mech-

anisms, the clinical appearance of the different 

disease entities might be similar.
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Immunological reactions

Immunological reactions include IgE-mediated 

seafood allergy as well as non-IgE-mediated 

reactions such as food intolerance or FPIES 

(food protein-induced enterocolitis syndrome).

IgE-mediated reactions 

(type I seafood allergy)

The prevalence of IgE-mediated hypersen-

sitivity reactions to seafood, also known as 

seafood allergy, is usually higher when the 

consumption plays a greater part in the diet of 

the observed community. In general, the con-

sumption of seafood has increased worldwide. 

It is considered that crustaceans and fish are 

among the four food groups most commonly 

provoking severe food anaphylaxis.4

Non-IgE-mediated reactions

Food intolerances are food-specific IgG-reac-

tions to seafood, where the body produces an 

inflammatory response to seafood proteins. 

Unlike seafood allergy, the effects of seafood 

intolerance are usually delayed, and are not 

life-threatening but influence the well-being of 

the patient.

Food protein-induced enterocolitis syndrome 

(FPIES), is a delayed, non-IgE-mediated aller-

gic reaction of the gut to food, usually present-

ing in the first two years of life. 

In contrast to foods mostly implicated in FPIES 

in infants and young children (such as milk, 

soy, rice and other grains, meat and poultry, 

eggs, and certain fruits and vegetables), FPIES 

in older children and adults is often triggered 

by seafood.

Non-immunological reactions

Among non-immunolog-

ical types of adverse 

reactions to sea-

food, intoxica-

tions as well 

as Anisakis in-

festations are 

the main patho-

mechanisms.

Biotoxins

Marine biotoxins are 

contaminations that are 

mainly present in filter feeding species. 

Biotoxin-producing algae are eaten by shellfish, 

and biotoxins are usually found at very low con-

centrations in our shellfish dishes. Thus, biotox-

ins pose no concern for most people that eat 

moderate amounts of shellfish. However, when 

the quantities of algae increase in the marine 

environment, higher quantities of biotoxin can 

accumulate in species feeding on such algae. 

Since biotoxins are heat tolerant, they are not 

destroyed by cooking or other types of heat pro-

cessing. Therefore, a toxic reaction to biotoxins 

is dose-dependent and relates to the amount of 

shellfish consumed.

Ciguatera toxin

The ciguatera toxins leading to ciguatera poi-

soning are incorporated by eating fish that has 

been contaminated by algae-derived toxins. 

Those substances are highly resistant to heat, 

freezing, drying or low pH and do not cause 

any perceptible changes (taste, smell, colour) 

of the dish. Ciguatera toxins are only present 

in fish, particularly large reef fish in the tropics. 

Symptoms can be highly diverse, including 

Seafood

Fish Shellfish

Bony fish

Atlantic Cod

Salmon

Catfish

Mollusks

Mussel

Snail

Octopus

Cartilaginous 
fish

Shark

Ray

Crustaceans

Shrimp

Crab

Lobster

Prawn

Classification of seafood
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gastrointestinal, neurological, or dermatologi-

cal manifestations.

Puffer fish poisoning

In Japan, fugu or puffer fish is a long-estab-

lished delicacy, despite of its known potential 

for toxicity. Tetrodotoxin (TTX) is the naturally 

occurring toxin that is mainly responsible for 

the risk. TTX is water soluble and heat stable, 

cooking even increases toxicity of this 

substance. 

Great care must be taken, and only specially 

trained chefs are allowed to prepare them in 

such a way so consumers can experience only 

a small tingle or numbness to their lips when 

eating. They must ensure that the hazardous 

parts of the fish (specifically the liver, ovaries, 

and skin) are removed before serving. 

Nevertheless, human intoxications are still not 

uncommon and even deaths have been linked 

to the consumption of puffer fish.5

Scombroid fish poisoning

Scombroid fish poisoning is an allergy-like 

reaction that occurs after eating fish that have 

been improperly refrigerated after capture. 

Bacteria in and on the fish break down proteins 

into histamine, one of the major mediators of 

allergic reactions. Affected fish often have a 

metallic or peppery taste. Symptoms usual-

ly commence within 30 minutes of eating, 

and include flushing, itching, hives (urticaria), 

nausea, vomiting, stomach cramps, dizziness, 

palpitations, and headache. Scombroid poi-

soning can be diagnosed based on the pattern 

of symptoms and negative results in skin or 

blood allergy testing.

Anisakis simplex

Anisakis simplex is a nematode (worm) that was 

described as a fish parasite. It is found in most 

parts of the world. Cooking at temperatures 

above 60°C or storage in industrial freezers for 

two days is required to kill the parasite. Anisakis 

can cause two major problems in humans:

1.	 Anisakis infestation (anisakiasis) can result 

from eating raw, pickled, or undercooked 

seafood such as sushi. Infection may 

cause nausea, vomiting, stomach pain, and 

sometimes appendicitis, bowel blockage 

or bleeding. Symptoms can occur due to 

inflammation 

in the gut at the site of entry of the parasite. 

Diagnosis requires endoscopy of the stom-

ach and bowel with direct visual detection 

of the parasite. The parasite usually gets 

destroyed by our immune system after 

three weeks.

2.	 Anisakis allergy resembles other allergic 

reactions to food. In this case, the allergy 

is directed against the fish parasite, not to 

the fish itself. Reactions thus mainly occur 

after eating seafood that is infested with 

Anisakis. The allergens of Anisakis sim-

plex appear not to be destroyed by heat or 

cooking and so allergic reactions may be 

triggered by dead parasites in fish meat 

that has been well cooked. Serological 

allergy testing is available to confirm sus-

pected sensitivity to this parasite.
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ROUTES OF SENSITISATION

Some shellfish allergens can sensitise via the 

oral and inhalation route but also via the skin. 

However, the most common route of exposure 

and thus sensitisation to shellfish is through in-

gestion. Many allergens, such as tropomyosin 

and arginine kinase are abundant in shellfish 

meat and preserve their structure when ex-

posed to heat. Consequently, these allergens 

often lead to severe allergic reactions.

Allergic symptoms may also be triggered from 

inhaling cooking vapour and handling seafood 

in the domestic sphere but particularly in the 

occupational setting. In the seafood processing 

industry, workers are constantly exposed to 

aerosolised shellfish particulate matters aris-

ing from different processing activities leading 

to the inhalation of airborne allergens and/or 

cooking fumes. Such occupational exposure 

to shellfish allergens (tropomyosin, arginine 

kinase, triosephosphate isomerase) may be a 

primary route of sensitisation to shellfish, and 

upon re-exposure can elicit upper and lower 

respiratory tract symptoms such as cough, 

wheeze, laryngeal symptoms, and rhinitis. 

Occupational exposure may also result in con-

tact urticaria or contact dermatitis. Workers 

with shellfish-induced occupational symp-

toms are at risk of developing allergic reactions 

upon ingestion of seafood (secondary food 

allergy).

PREVALENCE

The shellfish group is included among the “Big 

Eight” food groups which are responsible for 

more than 90% of all food allergy cases. It is 

estimated that up to 3% of the general popu-

lation and less than 1% of children are affected 

by food allergy to shellfish, including crusta-

ceans and mollusks. Shellfish allergy, partic-

ularly to shrimp, has one of the highest rates of 

food-induced anaphylaxis with nearly 42% of 

shellfish allergic adults and 12-20% of allergic 

children reporting anaphylaxis.6 7

SYMPTOMS

The pattern of allergic symptoms after ingestion 

of shellfish is like that of other foods. Most reac-

tions are immediate and occur within two hours. 

However, also late-phase reactions have been 

reported up to eight hours after ingestion of mol-

lusks. Particularly after ingestion of crustaceans, 

symptoms occur within minutes and include 

itching and angioedema of the lips, mouth, and 

pharynx (oral allergy syndrome). Shrimp has 

also been implicated in food-dependent exer-

cise-induced anaphylaxis. It seems that atopic 

individuals are at a higher risk of developing ana-

phylactic reactions.

Respiratory allergy symptoms manifest mainly 

as upper and lower airway respiratory symp-

toms, whereas anaphylaxis is rarely seen with 

this type of exposure. The prevalence of occupa-

tional asthma ranges from 7 to 36% and for oc-

cupational contact dermatitis, from 3 to 11%.

Shellfish allergy
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DIAGNOSIS

As for any other food allergy, diagnosis of 

shellfish allergies includes a detailed anamne-

sis, skin prick testing and serological tests. In 

unclear cases, provocation testing needs to be 

performed. 

If shellfish extracts are used in skin prick or 

serological testing, one must consider that 

these extracts usually comprise a high con-

centration of tropomyosin. However, other 

important allergens are frequently missing, or 

their concentration is too low, which can lead 

to false-negative test results.8 

Furthermore, skin prick tests bear the risk of 

triggering severe allergic reactions (e.g., ana-

phylactic reactions) in patients that have al-

ready experienced severe symptoms. In these 

patients, serological tests should be preferred. 

MOLECULAR ALLERGY  
DIAGNOSTICS

Any serological test result should be interpret-

ed in the context of the patient’s history. Due to 

strong cross-reactivity among shellfish, mites, 

and insects, it is sometimes difficult to identify 

the primary sensitising allergen source. Unfor-

tunately, there is no unique marker allergen 

specific for sensitisation to shellfish or a partic-

ular shellfish species.

Since cross-reactivity varies among different 

species, multiplex tests offer the advantage of 

detecting the respective specific IgE simulta-

neously, provided that the used allergen pan-

el covers most relevant allergens. The ALEX² 

allergen panel comprises several allergens 

from different species from the northern and 

southern hemisphere. 

Tropomyosin is regarded as a major allergen, 

detecting more than 60% of shellfish sensiti-

sations. It demonstrated much higher specific-

ity than extract-based testing (skin prick and 

serological testing) and, thus, is a better predic-

tor of shrimp allergy. If IgE antibodies against 

tropomyosin are detected, broad cross-reac-

tivity to other shellfish and arthropod sources 

is likely. A diagnosis can be made if the history 

matches the serology.

Furthermore, it has been shown that a combi-

nation of the determination of sIgE to Pen m 1 

(Tropomyosin) and Pen m 4 (Sarcoplasmic cal-

cium-binding protein) increases the sensitivity 

and specificity of shrimp allergy diagnosis. 9 

If shellfish allergic patients are not sensitised 

to tropomyosin, then sensitisation to other 

shellfish allergens needs to be evaluated. If 

no IgE-reactivity to all tested extracts and mo-

lecular allergens is found, but the anamnesis 

indicates shellfish allergy, in some cases food 

challenge tests are necessary.

SHELLFISH ALLERGENS 

Most of the identified shellfish allergens 

belong to a common set of protein families 

that is shared across 

a diverse range 

of species. All the 

currently identified 

shellfish allergens demon-

strate common 

properties such 

as low molecular 

weight (15-75 kDa), 

good aqueous solubility and they frequent-

ly form dimers or other oligomers.

The major allergen of shellfish allergy is the 

muscle protein tropomyosin, which occurs 

both in crustaceans and mollusks. In addi-

tion to tropomyosin, other allergens have 

been identified and characterised in crusta-

ceans such as the 40 kDa arginine kinase, 

which might be a new class of invertebrate 

pan-allergen and may be of high clini-

cal relevance. However, previous studies 

have demonstrated the clinical relevance 

of IgE-reactivity to additional seafood aller-

gens including myosin light chain, sarco-

plasmic calcium-binding protein, troponin 

C, triosephosphate isomerase and hemo-

cyanin. (Table 1) These less investigated 

shellfish allergens have also been demon-

strated to play a role in clinical cross-reac-

tivity to other invertebrate allergen sources, 

including dust mites and cockroaches.10

Interestingly, some shellfish allergens can 

sensitise not only via the oral route but 

also via the inhalation route (tropomyosin, 

arginine kinase, triosephosphate isomerase, 

hemocyanin).

The major allergens found across all shell-

fish species belong to the tropomyosin fam-

ily which are mainly present in the edible 
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meat. It is one of the most abundant proteins 

representing up to 20% of the total protein 

content in a shrimp.  Allergens from the tropo-

myosin family have a highly conserved pri-

mary structure, and this is the main reason for 

immunological and clinical cross-reactivity not 

only among crustaceans and mollusks but also 

among insects, mites, and nematodes. How-

ever, cross-reactivity is higher between tropo-

myosins from different arthropod species than 

between arthropods and mollusks, and even 

species-specific tropomyosins sometimes play 

an important role.

Tropomyosin is the major sensitising allergen 

family in shellfish allergy. Over 60% of shellfish 

allergic subjects are positive to tropomyosins.5 

As it is highly heat stable and relatively resistant 

to proteases, severe allergic reactions are often 

observed.

Arginine kinase

Arginine kinase is a minor allergen in most pop-

ulations and belongs to the phosphotransferase 

family while myosin light chain, sarcoplasmic 

calcium-binding protein, and troponin C belong 

to the EF-hand domain family.

Arginine kinase has been identified in several 

crustaceans and one mollusk species and has 

been implicated in cross-reactivity between 

Protein family Examples IgE-sensitisation Heat stability Route of exposure

Tropomyosin

Pen m 1

Pen a 1

Cra c 1

Lit v 1

62% (16 subjects)

51% (45 subjects)

68% (31 subjects)

94% (34 children)

61% (19 adults)

Highly heat stable
Ingestion

Inhalation

Arginine kinase

Pen m 2

Cra c 2

Lit v 2

50% (16 subjects)

29% (31 subjects)

67% (34 children)

21% (19 adults)

Moderately heat stable
Ingestion

Inhalation

Myosin light chain

Pen m 3

Cra c 3

Lit v 3

31% (16 subjects)

19% (31 subjects)

70% (34 children)

31% (19 adults)

Heat stable Ingestion

Sarcoplasmic 
calcium-binding protein

Pen m 4

Cra c 4

Lit v 4

19% (16 subjects)

19% (31 subjects)

59% (34 children)

31% (19 adults)

Heat stable Ingestion

Troponin C
Pen m 6

Cra c 6 19% (31 subjects)
Heat stable Ingestion

Triosephosphat isomerase
Pen m 8

Cra c 8

19% (16 subjects)

23% (31 subjects)
Heat stable

Ingestion

Inhalation

Hemocyanin
Pen m 7 29% (58 subjects)

47% (40 subjects)
Heat stable

Ingestion

Inhalation

Table 1: Shellfish allergens, adapted from MAUG 2.0 12 

Abbreviations: Pen m: Penaeus monodon (Black tiger shrimp), Pen a: Penaeus aztecus (Brown shrimp), 
Cra c: Crangon crangon (North sea shrimp), Lit v: Litopenaeus vannamei (White shrimp) 
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shellfish and edible insects. It was found to be 

susceptible to heat treatment or thermal food 

processing but, however, its capacity to bind IgE 

is preserved to a certain extent. This is an im-

portant fact to consider while using in-vitro diag-

nostics which is often based on heated shrimp 

or crab extract to avoid bacterial contamination 

and therefore includes mainly heat-stable pro-

teins; molecular in-vitro diagnostics might offer 

a better solution.

Myosin light chain 

Myosin light chain belongs to the myosin fam-

ily, is part of the sarcomeric units in muscle 

tissue and involved in muscle contraction. Al-

lergenic myosin light chains are found in arthro-

pods such as crustaceans, mites (e.g., Der p 26 

– house dust mite) and cockroaches (e.g., Bla g 

8 – German cockroach) but also in meat from 

other species, e.g., from chicken (Gal d 7).11

Sarcoplasmic calcium-binding 
protein (SCP)

SCP is a calcium-binding protein regulating 

cytosolic calcium concentration.

Myosin light chain and Sarcoplasmic calci-

um-binding protein have a lower IgE binding 

frequency. However, a higher rate of IgE-sensi-

tisation is observed in children as compared to 

adults and may be used as diagnostic markers 

for shrimp allergy in children.

Troponin C 

Troponin C is part of the macromolecular 

complex composed of troponins, tropomy-

osin, actin, and myosin, and is involved in 

muscle contraction. It is the calcium-sensing 

component that can attach to and detach from 

tropomyosin. 

Troponin C is recognised as a food allergen in 

shrimp (Cra c 6 and Pen m 6). Furthermore, al-

lergenic troponin C proteins are found in mites 

(e.g., Der p 39 – house dust mite) and cock-

roaches (e.g., Bla g 6 – German cockroach).

Triosephosphate isomerase 

Triosephosphate isomerase is a glycolytic 

heat-labile protein that catalyses the conver-

sion of dihydroxyacetone phosphate to glycer-

aldehyde 3-phosphate. It has been identified 

not only in shrimps and crayfish but also in 

cockroaches.

Hemocyanin

Hemocyanin was first identified as an allergen 

in the giant freshwater shrimp. Hemocyanins 

are copper-containing, oxygen transport pro-

teins mainly found in the hemolymph of inver-

tebrate animals. Consumption of cephalotho-

rax is common in Asian populations and could 

lead to higher exposure to this allergen. In a 

recent study, strong IgE-sensitisation to crab 

hemocyanin was observed in crab-processing 

workers by inhalational exposure to 

aerosolised matter. Therefore, 

hemocyanin-specific IgE 

may be a potential di-

agnostic marker for 

occupational ex-

posure and 

s y m p t o m s 

to shellfish 

allergens.

CROSS-REACTIVITY WITH  
OTHER ALLERGEN SOURCES

Patients with shellfish allergy are frequent-

ly reported to also have allergic reactions to 

mites and insects. This cross-reactivity is prob-

ably due to the high amino acid homology of 

invertebrate tropomyosins and may have sig-

nificant clinical implications. Patients that were 

never exposed to crustacean allergens can be 

sensitised to tropomyosin due to a non-crusta-

cean source, such as house dust mites (HDM), 

cockroaches or both, via inhalation. The prima-

ry sensitisation is believed mostly to be caused 

by respiratory exposure to dust mites, which in 

some individuals may cause allergic reactions 

after the consumption of shellfish. This view is 

supported by recent observations during im-

munotherapy to HDM in which some patients 

developed clinical sensitisation to shellfish tro-

pomyosin, which did not exist before therapy. 

Molecular studies suggest similar IgE-binding 

epitopes in these very different arthropods. Us-

ing synthetic overlapping peptides spanning 

the entire length of the major shrimp allergen 

Pen a 1, eight IgE-binding epitopes were iden-

tified. Four out of eight epitopes are identical to 
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homologous regions in Der p 10 and Der f 10 

(from mites), and five out of eight are identical 

to homologous regions in Per a 7 (from cock-

roach). These immunological findings strongly 

indicate that the documented cross-reactivity 

between tropomyosins from different allergen 

sources can result in IgE-antibody binding and 

subsequent allergic reactions.

THERAPY

In case of confirmed, severe shellfish aller-

gy, exposure to any shellfish species (except 

to those species which the patient tolerates) 

must be strictly avoided, not only via ingestion, 

but also via inhalation and skin contact. If se-

vere allergic reactions have been observed in 

the past, emergency medication is essential. 

Unfortunately, currently there is no allergen- 

specific immunotherapy available.9

SUMMARY

•	 3% of the general population and 1% of children are affected by food allergy to shellfish.

•	 Nearly 80% of all allergic reactions to shellfish are due to shrimps or prawns.

•	 Diagnosis of shellfish allergies includes a detailed anamnesis, skin prick testing and serological tests. In unclear cases, 

provocation testing needs to be performed. 

•	 Molecular allergy tests (e.g., ALEX² Allergy Xplorer) cover a comprehensive set of clinically relevant allergens from differ-

ent species for accurate diagnosis of shellfish allergy.

•	 ALEX² test includes the clinically relevant allergens tropomyosin, arginine kinase, myosin light chain, sarcoplasmic 

calcium-binding protein and troponin C. 

•	 Cross-reactive allergen tropomyosin is responsible for allergic reactions to mites and insects in shellfish allergic patients.

•	 Therapy: 
•	 No allergen-specific immunotherapy available.

•	 Strict avoidance, not only via ingestion, but also via inhalation and skin contact.

•	 Emergency medication is essential if severe allergic reactions have been observed in the past.
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NUTRITION, BENEFITS,  
AND RISKS

Fish is a common food consumed all around 

the world. It is a very important dietary source 

of proteins, vitamin A, iron, calcium, omega-3 

fatty acids as well as antioxidants. 13

The consumption of fish increased by four times 

over the last 50 years. In westernised countries 

the increase in fish consumption is related to 

trends towards healthy nutrition while in de-

veloping coastal countries the consumption is 

related to availability of the product. At a global 

level, fish consumption is expected to increase 

by 14.8% until 2030 with a per capita con-

sumption of 21.2 kg per year. 14

Despite its health benefits, fish is one of the 

most common foods responsible for allergic 

reactions in children and adults. Fish allergy is 

in fact one of the leading causes of anaphylaxis 

worldwide! 15 It is estimated that 0.1 – 0.5% of 

the world’s population is allergic to fish and 

in paediatric populations the prevalence is as 

high as 7%. 6 16 17 For this reason, fish became 

part of the food labelling regulation (EU regula-

tion 169/2011). 37 18

ROUTES OF SENSITISATION

Despite the health benefits, fish is one of the most 

common foods that cause allergic reactions in 

both children and adults. Most reported allergic 

reactions are related to bony fish. 19 20 In general, 

sensitisation occurs through allergen exposure 

via the gastrointestinal tract when eating fish. 

However, sensitisation can also occur via the re-

spiratory tract, e.g., by inhaling cooking vapours 

or by skin contact. 21 22 23

CLINICAL MANIFESTATIONS 

The adverse reactions to fish can be classified 

into three categories: 6 24

1.	 Immunological adverse reactions: including 

IgE-mediated allergic reactions to fish aller-

gens and to fish infected by certain parasites 

such as Anisakis simplex. Anisakis simplex 

is commonly found in European hake, At-

lantic mackerel, and anchovies.

2.	 Toxic adverse reactions: referring to toxic 

reactions to fish infected by parasites as 

well as fish contaminated by bacteria or 

poisonous algae.

3.	 Food intolerance: caused by vasoactive 

amines present in the fish.

These three categories of adverse reactions 

present similar clinical symptoms; but a good 

diagnostic analysis of IgE-antibody reactivity 

can distinguish between a true fish allergy and 

other adverse events.

Common clinical manifestations are oral aller-

gy syndrome (OAS), rhinitis, asthma, gastro-

intestinal symptoms such as abdominal pain, 

diarrhoea and vomiting, or skin reactions like 

urticaria and angioedema. In severe cases 

anaphylaxis with respiratory and/or circulatory 

manifestations can occur. The symptoms nor-

mally appear immediately after ingestion but 

sometimes a late reaction (around 2h later) can 

Fish allergy



12

Literature Review

occur. A longer delayed reaction is also possi-

ble but rare.  25 26 27

FISH ALLERGENS

Proteins present in fish muscle, eggs, skin, or 

blood can give rise to fish allergy. 

Based on the WHO/IUIS database and on the 

database Allergen Online (www.allergenonline.

org, version 21), fish allergens are mainly divid-

ed into: parvalbumins, aldolase, beta-enolase, 

tropomyosin, collagen and vitellogenin. 37

Parvalbumin is the major fish allergen responsi-

ble for more than 90% of allergic reactions. This 

calcium-binding protein is found in fish muscles 

of many fish such as cod, carp, salmon, her-

ring, mackerel, swordfish, and tuna. 28 29 30 31 32 

Parvalbumins are divided in alpha and beta 

subtypes. The beta-subtype, found in bony 

fish, has a higher allergenic potential, while al-

pha-parvalbumin found in cartilaginous fish is 

in general well tolerated. Alpha-parvalbumin 

is also present as a minor allergen in chicken, 

frog and crocodile meat and cross-reactivity 

between fish and these types of meat were 

clinically reported. Interestingly, white meat fish 

such as cod, contain a higher concentration of 

parvalbumin and are therefore more allergenic 

than dark meat fish species like tuna. Although 

cross-reactivity is common in fish allergic pa-

tients, monosensitisation to salmon, trout, tila-

pia, and tropical sole has been reported. This 

is explained by the sequence homology of be-

ta-parvalbumins that can differ from 46 to 99%. 
23 33 37

Enolase and aldolase are present in fish muscles 

of cod, salmon, and tuna. Parvalbumin sensitised 

patients may also have IgE-reactivity to enolase 

and aldolase. However, there are patients that 

are positive only to these allergens. 32 34 37

Tropomyosin is a major allergen in shellfish but 

in recent years has also been identified as a fish 

allergen in patients with tilapia, salmon, catfish, 

and Asian seabass sensitisation. 32 35 36 37

Collagen is an allergen found in fish skin. An 

Australian study with 100 fish allergic children 

demonstrated that 21% of them were sensi-

tised to collagen from salmon, tuna, and Asian 

seabass. Based on these findings, collagen is 

now suggested to be included in allergy di-

agnosis. It is important to remember that col-

lagen is commonly added to drugs, food, and 

cosmetics products and can therefore act as a 

hidden allergen. 19

Vitellogenin is a major allergen in fish eggs like 

caviar. Interestingly, patients with fish egg al-

lergy often tolerate fish meat and vice versa. 37

FOOD PROCESSING AND  
ALLERGENICITY 

Different from other allergenic foods, fish pro-

cessing such as heating, smoking, drying, fry-

ing, and boiling does not affect its allergenic 

potency. There are reports suggesting that fish 

allergens enolase and aldolase are more sen-

sitive to heat treatment and seem to be less 

resistant to food processing than parvalbumin, 

but more investigations are needed to confirm 

these findings.

DIAGNOSIS

At present, diagnosis of fish allergy is based on 

clinical history, SPT and specific-IgE serologi-

cal tests. In few cases, oral food challenge may 

be performed. Although these diagnostic pro-

cedures are considered reliable and are com-

monly used, they carry some problems. SPT is 

performed with non-standardised commer-

cial extracts and can lack important 

allergens. The measurement of 

fish specific IgE-antibodies can 

be challenging because peo-

ple with low levels of IgE can 

show severe clinical reactions. In 

addition, oral food challenge carries a 

high risk of side effects and anaphylaxis.

The development of component-based 

tests that measure IgE-antibodies to 

individual allergen components gives 

a better picture on specific sensitisation, 
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cross-reactivity and risk of severe reactions. In this context, ALEX² pro-

vides a broad panel of fish allergens (e.g., parvalbumins from 8 fish spe-

cies, aldolase and enolase from Atlantic cod, and 6 fish extracts). Thus, 

ALEX² is a diagnostic tool for the accurate detection of allergic sensitisa-

tion to fish allergens.

Based on molecular IgE-reactivity profiles, fish allergic patients are cat-

egorised into three groups:

a.	 Poly-sensitised patients who react to many types of fish based on 

the cross-reactions of beta-parvalbumin, enolase and aldolase.

b.	 Oligo-sensitised patients who react to a considerable number of fish 

based on enolase and aldolase, but without IgE to beta-parvalbumin.

c.	 Mono-sensitised patients who react only to allergens from one 

species.

Patient care relies on dietary avoidance of fish and prescription of emer-

gency medication in case of accidental exposure. In this case, it is import-

ant to remember that any route of exposure – ingestion, inhalation, and 

skin contact – must be avoided. Moreover, in contrast to other food aller-

gies, fish allergy normally does not resolve with age and therefore, lifelong 

avoidance is necessary.

Currently, there is no allergen-specific immunotherapy available for the 

treatment of fish allergy.

Fish popular name Component Extract

Atlantic cod Gad m 1 (β-parvalbumin) 

Atlantic cod Gad m 2 + 3 (β-enolase & 
aldolase)

Atlantic herring Clu h 1 (β-parvalbumin) 

Atlantic mackerel Sco s 1 (β-parvalbumin) 

Carp Cyp c 1 (β-parvalbumin)

Salmon Sal s 1 (β-parvalbumin) 

Swordfish Xip g 1 (β-parvalbumin)

Tuna Thu a 1 (β-parvalbumin) 

Thornback ray Raj c (α-parvalbumin) 

Anisakis simplex Ani s 1 (unknown function)

Anisakis simplex Ani s 3 (Tropomyosin)

SUMMARY

•	 Fish allergy affects 0.1 – 0.5% of the world’s population. 

•	 Fish allergy does not disappear with age.

•	 Reactions can occur after ingestion, inhalation, and skin contact. 

•	 Common clinical symptoms: OAS, rhinitis, asthma, abdominal pain, diarrhoea, vomiting and skin reactions. 

•	 Diagnosis is based on: anamnesis, SPT, serum IgE-levels, OFC, and the most advanced is CRD (e.g., ALEX² test).

•	 Fish allergens: parvalbumin (most important allergen family), aldolase, enolase, tropomyosin, collagen, vitellogenin.

•	 Cross-reactivity between different fish species is frequent.

•	 ALEX² includes a broad panel of parvalbumins and other relevant fish allergens allowing a precise diagnosis of each 

individual patient. 

•	 Strict avoidance and emergency medication are still the only treatment strategies available.

Table 2: ALEX2 Allergy Explorer fish allergen list
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To turn MADx's ambitious goals into reality, the company needs to grow. To achieve this, it not only needs more laboratory and office space, but of 

course also the right people from various disciplines who will work here in the future. Because it is not at all easy to find and retain good employees, 

we are talking about the so-called "human capital" today. 

How many employees did MADx have in the 

beginning, and how fast did the company grow?

Christian Harwanegg:� We started with one 

employee in 2016, at the end of 2016 there 

were three employees. At the end of 2023, 

we will surpass the 70-employee-mark if our 

recruiting plans are successful. 

At the beginning, was it easy or hard to find the 

right employees to build MADx?

Christian Harwanegg:� I think it's always diffi-

cult to find the right employees. You often don't 

know what a potential employee is like at the 

beginning: a job interview is a stressful situa-

tion in which a person can present themselves 

positively or negatively. 

In addition, in a fast-growing, dynamic compa-

ny, the demands on employees change. At the 

beginning of MADx, extreme multitasking was 

required: In the first one and a half to two years, 

six or seven employees 

covered the entire com-

pany area – production, 

research, logistics, man-

agement and so on.

I am an advocate of the 

guiding principle "first 

who, then what". This 

means that if a good can-

didate actively applies 

to us and we think that this person could be 

a good, hard-working, and competent em-

ployee, I take the position to hire this person 

immediately – even without a concrete job de-

scription. We will find the right job in the next 

step. I prefer that to looking for employees in a 

very specific and reactive way. 

It would be desirable to al-

ways be slightly ahead of 

capacity and that employees 

can later develop into the 

appropriate positions where 

they feel most comfortable. 

This is not always possible, for 

example in finance, which re-

quires a very specific skillset 

and where there is not much 

leeway. But in areas like HR, marketing, and 

product management, where different skills are 

required within the department anyway and a 

Human Capital
CEO talks #3

It is important to 
strengthen 

company culture.
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multidisciplinary 

team is needed, it 

works because em-

ployees often acquire 

new skills in the course 

of their employment.

Is the employee 

turnover rate in life 

science companies low or high, 

and where does MADx stand?

Christian Harwanegg:� I don't think 

this issue is necessarily industry spe-

cific. Whether it's life science, hospi-

tality, or any other field, the deeper the 

knowledge employees need to work in 

a particular field, and the more special-

ised and niche that field is, the higher 

the staff consistency. 

I believe that on an industry average, 

we have relatively low turnover of staff. 

On average, 5-10% of staff leave, howev-

er, we backfill 30% – in my experience, 

that's fine. The most important factor, es-

pecially as the company gets bigger, is to 

strengthen the company culture so that em-

ployees feel comfortable and can thrive. That 

is more decisive than the industry itself. 

What can a company in our field do to keep 

employees motivated?

Christian Harwanegg:� It's a mix of classic hy-

giene factors: the working environment has 

to fit, the salary has to fit, the human quality 

has to fit. The company location is also very 

important: We lose or gain employees 

because they either live very far 

away or close to the location. 

This factor is also increasing-

ly important 

in terms of work-life-

balance. Even though it used 

to be no problem for many peo-

ple to commute for an hour and a 

half every day, it is extremely unpopular 

nowadays. For many, traveling longer 

than half an hour is unthinkable – espe-

cially if they can choose to do so. 

Development opportunities are also im-

portant for those who want them. This is 

important to emphasise because not ev-

eryone wants to be a team leader and take 

on more responsibility. Some employees 

are happy to work 

undisturbed, while 

others want active 

management. It is important 

to respond to the personal-

ity of the employees and to 

consider how to strengthen 

individuals in their position.

Private factors should not be 

forgotten either. If everything 

runs smoothly at home, it's easier to be satisfied 

at work than if things go haywire in your private 

life. The issue of overwork is very important, you 

always have to make sure that there are enough 

resources. If necessary, an employee can per-

form at 120% for a while, but it's impossible in 

the long run. It is the responsibility of manage-

ment and leaders to recognise when overload 

sets in. When things are going badly, even 80% 

is often too much for the person concerned.  

MADx is a very young company with partly 

very inexperienced employees who come di-

rectly from university or training. On the one 

hand, this has the advantage that 

such employees are shaped to 

the company, and they 

do not know how it is in 

other companies. How-

ever, such experience is 

also worth a lot, because other-

wise you quickly get the feeling 

that it could be better somewhere 

else, you would earn more or work 

less, the tasks would be more interesting, and 

so on. Employees who don't have this wealth of 

experience will eventually seek it out. It's diffi-

cult to counteract this – because you can't give 

this experience to employees who don't have 

comparative values. 

Keyword work-life-balance:  

What steps can companies 

take to keep this balance 

and sustainably build a  

stable and content team? 

Christian Harwanegg:� Eve- 

ryone must answer that for 

themselves. Some employ-

ees want to work part-time 

despite their young age and 

no family obligations because they are pursu-

ing other goals on the side. There are also em-

ployees who want to work from home more 

The issue of 
overwork is very 

important. 



16

Interview

because they live far away, or their family 

situation requires it. If it is possible to reconcile 

these requirements with the job, it is good for 

the company.

Issues like working from home naturally create 

certain inequalities. There are jobs that cannot 

be done in the home office – keyword lab work. 

When it comes to travel, some people want to 

travel a lot, but their job doesn't require it, while 

others are constantly on the road even though 

they would rather be at home with their family.

There are often life circumstances in which 

the work-life-balance is no longer compatible 

with a full-time job at a location with long com-

mutes. I think we are very flexible here, espe-

cially when it comes to young mothers and 

flexible working time models. Of course, there 

are certain limits here as well, because, to put it 

bluntly, it doesn't make sense for an employee 

who occupies a key position in the company to 

only be available from 8 p.m. to 4 a.m. 

As an employer, you also have to insist that 

employees take responsibility for themselves, 

so that they communicate in good time where 

their comfort zone begins and ends. From my 

point of view, this unfortunately often happens 

too late: Frustrations then accumulate, caus-

ing the employee to leave because they want 

to change something – without looking for 

change in the company first.

ABOUT

DR. CHRISTIAN HARWANEGG
studied Molecular Genetics at the University of Vienna, Austria. 
He joined a team of entrepreneurs in 1999 and graduated with 
a PhD in 2003. He has spent his entire professional education 
and career working in the development of all aspects of allergy 
testing in a multiplexed setup.

I am an advocate 
of the principle 

“first who, then 
what”.
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WHAT'S NEW AT MADx

NEW HARDWARE SYSTEM: 
MAX 9K

The MADx hardware systems have been de-

veloped with our customers' needs in mind. 

Whether it’s high throughput, low throughput, 

a lot of lab space or little lab space – we make 

sure that one of our systems is the perfect 

solution for our customers' individual situation.

For this reason, in addition to the manual 

processing system ImageXplorer, which is 

designed for lower throughput, and the auto-

mated processing system MAX 45k, which 

is designed for high-throughput labs, there is 

now another system: the MAX 9k.

Like the MAX 45k, the MAX 9k is a fully au-

tomated batch analyser that can process 10 

samples in one run. It is a smaller benchtop in-

strument for medium throughput laboratories.  

The MADx hardware systems are character-

ised by their ease of use and can be easily op-

erated together with the MADx software after 

a short training period. In addition, the MADx 

hardware systems are connected in real time 

to our cloud-based software solution, which 

means that data can be analysed and man-

aged around the clock. 

For a full comparison of all MADx systems, 

please visit our website.

PAX PET ALLERGY XPLORER 
NOW AVAILABLE

MADx is expanding its diagnostic range to pets: 

Since the beginning of the year, the PAX Pet 

Allergy Xplorer is exclusively available for dogs 

from our partner Nextmune. PAX is also based on 

our proprietary nano-bead technology and is the 

first quantitative IgE-test specifically designed to 

detect allergic sensitisations in animals. 

Traditional allergy testing in veterinary medi-

cine has not changed for decades and is based 

on the use of allergen extracts in an enzymatic 

immunoassay (ELISA). The problem with this 

method is that results can vary greatly depend-

ing on the extract and false-negative results can 

Product innovations for  
laboratories and veterinarians

https://www.macroarraydx.com/products/systems
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often occur due to insufficient protein allergen 

concentrations.

PAX is based on MADx' revolutionary technology 

and Nextmune's expertise in the fundamentals of 

pet allergology. PAX uses allergen extracts and 

molecular components to identify allergens af-

fecting pets, offering benefits such as improved 

reproducibility and cross-reactivity identifica-

tion, improved accuracy, more data (up to 300 

results), improved treatment recommendations 

and more.  

MADx CEO Dr. Christian Harwanegg explains: 

"With PAX, we are finally able to offer accurate 

and reliable allergy diagnostics not only for hu-

man patients, but also for their pets. Pet allergy 

diagnostics is a growing market, and we are ex-

cited to work with a science-based partner like 

Nextmune to offer this innovative product in the 

veterinary space." 

Nextmune CEO Magnus Kjellberg added: "We 

value the development collaboration with MADx 

and are proud to embark on this new journey 

together. Nextmune is the only veterinary di-

agnostic laboratory currently using molecular 

allergology. We believe this product will allow 

veterinarians to diagnose pets more accurately, 

benefiting both the animals and their owners." 

PAX is currently available for testing dog sera. Cat 

and horse sera are also expected to be able to be 

tested with PAX before the end of 2023. PAX is 

available from our partner Nextmune around the 

world.

https://nextmune.com/product/pax-serum-test/?shop=vet


19

APPENDIX

INDEX

1	 EU Science Hub. Online [abgerufen am 25.04.2023]: https://joint-research-centre.ec.europa.eu/jrc-news/how-much-fish-do-we-con-

sume-first-global-seafood-consumption-footprint-published-2018-09-27_en#:~:text=According%20to%20calculations%20using%20

baseline,seafood%2C%20is%20154%20million%20tonnes

2	 Kuehn A, Hilger C, Lehners-Weber C, Codreanu-Morel F, Morisset M, Metz-Favre C, Pauli G, de Blay F, Revets D, Muller CP, Vogel L, Vieths S, 

Hentges F. Identification of enolases and aldolases as important fish allergens in cod, salmon and tuna: component resolved diagnosis using 

parvalbumin and the new allergens. Clin Exp Allergy. 2013 Jul;43(7):811-22. doi: 10.1111/cea.12117. PMID: 23786287.

3	 Lopata AL, Kleine-Tebbe J, Kamath SD. Allergens and molecular diagnostics of shellfish allergy. Part 22 of the Series Molecular Allergology. 

Allergo J. 2016;25(7):210-218. 

4	 Lopata AL, Lehrer SB. New insights into seafood allergy. Curr Opin Allergy Clin Immunol. 2009 Jun;9(3):270-7. doi: 10.1097/ACI.0b013e-

32832b3e6f. PMID: 19398906.

5	 Bane V, Lehane M, Dikshit M, O'Riordan A, Furey A. Tetrodotoxin: chemistry, toxicity, source, distribution and detection. Toxins (Basel). 2014 

Feb 21;6(2):693-755. doi: 10.3390/toxins6020693. PMID: 24566728; PMCID: PMC3942760.

6	 Ruethers T, Taki AC, Johnston EB, et al. Seafood allergy: A comprehensive review of fish and shellfish allergens. Mol Immunol. 2018;100:28-

57. doi:10.1016/j.molimm.2018.04.008. PMID: 29858102

7	 Matricardi PM, Kleine-Tebbe J, Hoffmann HJ, Valenta R, Hilger C, Hofmaier S, Aalberse RC, Agache I, Asero R, Ballmer-Weber B, Barber 

D, Beyer K, Biedermann T, Bilò MB, Blank S, Bohle B, Bosshard PP, Breiteneder H, Brough HA, Caraballo L, Caubet JC, Crameri R, Davies 

JM, Douladiris N, Ebisawa M, EIgenmann PA, Fernandez-Rivas M, Ferreira F, Gadermaier G, Glatz M, Hamilton RG, Hawranek T, Hellings P, 

Hoffmann-Sommergruber K, Jakob T, Jappe U, Jutel M, Kamath SD, Knol EF, Korosec P, Kuehn A, Lack G, Lopata AL, Mäkelä M, Morisset 

M, Niederberger V, Nowak-Węgrzyn AH, Papadopoulos NG, Pastorello EA, Pauli G, Platts-Mills T, Posa D, Poulsen LK, Raulf M, Sastre J, 

Scala E, Schmid JM, Schmid-Grendelmeier P, van Hage M, van Ree R, Vieths S, Weber R, Wickman M, Muraro A, Ollert M. EAACI Molecular 

Allergology User's Guide. Pediatr Allergy Immunol. 2016 May;27 Suppl 23:1-250. doi: 10.1111/pai.12563. PMID: 27288833.

8	 Gelis S, Rueda M, Valero A, Fernández EA, Moran M, Fernández-Caldas E. Shellfish Allergy: Unmet Needs in Diagnosis and Treatment. J 

Investig Allergol Clin Immunol. 2020;30(6):409-420. doi: 10.18176/jiaci.0565. Epub 2020 Jul 21. PMID: 32694101.

9	 Wai CYY, Leung NYH, Leung ASY, Wong GWK, Leung TF. Seafood Allergy in Asia: Geographical Specificity and Beyond. Front Allergy. 2021 

Jul 8;2:676903. doi: 10.3389/falgy.2021.676903. PMID: 35387013; PMCID: PMC8974776.

10	 Arlian LG, Morgan MS, Vyszenski-Moher DL, Sharra D. Cross-reactivity between storage and dust mites and between mites and shrimp. Exp 

Appl Acarol. 2009 Feb;47(2):159-72. doi: 10.1007/s10493-008-9199-x. Epub 2008 Oct 11. PMID: 18850281.

11	 Klug C, Hemmer W, Román-Carrasco P, Focke-Tejkl M, Quirce S, Boyano-Martínez T, Gaubitzer E, Wank H, Swoboda I. Gal d 7-a major 

allergen in primary chicken meat allergy. J Allergy Clin Immunol. 2020 Jul;146(1):169-179.e5. doi: 10.1016/j.jaci.2020.02.033. Epub 2020 

Mar 16. PMID: 32194042.



20

Appendix

12	 EAACI User’s Guide (MAUG 2.0). Published by the European Academy of Allergy and Clinical Immunology 2022. Online [abgerufen am 

25.04.2023]: https://eaaci-cdn-vod02-prod.azureedge.net/KnowledgeHub/education/books/MAUG_2_20221214_EBOOK.pdf

13	 Golden CD, Koehn JZ, Shepon A, Passarelli S, Free CM, Viana DF, Matthey H, Eurich JG, Gephart JA, Fluet-Chouinard E, Nyboer EA, Lynch 

AJ, Kjellevold M, Bromage S, Charlebois P, Barange M, Vannuccini S, Cao L, Kleisner KM, Rimm EB, Danaei G, DeSisto C, Kelahan H, Fiorella 

KJ, Little DC, Allison EH, Fanzo J, Thilsted SH. Aquatic	 foods to nourish nations. Nature. 2021 Oct;598(7880):315-320. doi: 10.1038/

s41586-021-03917-1. PMID: 34526720

14	 FAO 2020. The State of World Fisheries and Aquaculture 2020. Sustainability in action. Rome. Online [abgerufen am 25.04.2023]: https://

doi.org/10.4060/ca9229en

15	 Sampson HA. Anaphylaxis and emergency treatment. Pediatrics. 2003 Jun;111(6 Pt 3):1601-8. PMID: 12777599

16	 Rona RJ, Keil T, Summers C, Gislason D, Zuidmeer L, Sodergren E, Sigurdardottir ST, Lindner T, Goldhahn K, Dahlstrom J, McBride D, Mad-

sen C. The prevalence of food allergy: a meta-analysis. J Allergy Clin Immunol. 2007 Sep;120(3):638-46. doi: 10.1016/j.jaci.2007.05.026. 

PMID: 17628647

17	 Moonesinghe H, Mackenzie H, Venter C, Kilburn S, Turner P, Weir K, Dean T. Prevalence of fish and shellfish allergy: A systematic review. 

Ann Allergy Asthma Immunol. 2016 Sep;117(3):264-272.e4. doi: 10.1016/j.anai.2016.07.015. PMID: 27613460

18	 Taylor SL, Baumert JL. Worldwide food allergy labeling and detection of allergens in processed foods. Chem Immunol Allergy 2015;101:227-

34. doi: 10.1159/000373910. PMID: 26022883

19	 Stephen JN, Sharp MF, Ruethers T, Taki A, Campbell DE, Lopata AL. Allergenicity of bony and cartilaginous fish - molecular and immunolog-

ical properties. Clin Exp Allergy. 2017 Mar;47(3):300-312. doi: 10.1111/cea.12892. PMID: 28117510

20	 Kalic T, Morel-Codreanu F, Radauer C, Ruethers T, Taki AC, Swoboda I, Hilger C, Hoffmann-Sommergruber K, Ollert M, Hafner C, Lopata AL, 

Morisset M, Breiteneder H, Kuehn A. Patients Allergic to Fish Tolerate Ray Based on the Low Allergenicity of Its Parvalbumin. J Allergy Clin 

Immunol Pract. 2019 Feb;7(2):500-508.e11. doi: 10.1016/j.jaip.2018.11.011. PMID: 30471362

21	 Jeebhay MF, Robins TG, Seixas N, Baatjies R, George DA, Rusford E, Rusford E, Lehrer SB, Lopata AL. Environmental exposure characteriza-

tion of fish processing workers. Ann Occup Hyg. 2005 Jul;49(5):423-37. doi: 10.1093/annhyg/meh113. PMID: 15705596

22	 Pascual CY, Crespo JF, Dominguez Noche C, Ojeda I, Ortega N, Esteban MM. IgE-binding proteins in fish and fish steam. Monogr Allergy 

1996;32:174–80. PMID: 8813196

23	 Seitz CS, Bröcker EB, Trautmann A. (2008). Occupational allergy due to seafood delivery: case report. J Occup Med Toxicol. 2008 May 

30;3:11. doi: 10.1186/1745-6673-3-11. PMID: 18513420

24	 Buyuktiryaki B, Masini M, Mori F, Barni S, Liccioli G, Sarti L, Lodi L, Giovannini M, du Toit G, Lopata AL, Marques-Mejias MA. IgE-mediated fish 

allergy in children. Medicina (Kaunas). 2021 Jan 18;57(1):76. doi: 10.3390/medicina57010076. PMID: 33477460

25	 Bock SA, Munoz-Furlong A, Sampson HA. Fatalities due to anaphylactic reactions to food. J Allergy Clin Immunol. 2001 Jan;107(1):191-3. 

doi: 10.1067/mai.2001.112031. PMID: 11150011



21

Appendix

26	 Helbling A, Heydet R, McCants ML, Musmand JJ, El-Dahr J, Lehrer SG. (1999). Fish allergy: is cross-reactivity among fish species relevant? 

Double-blind placebo-controlled food challenge studies or fish-allergic patients. Ann Allergy Asthma Immunol. 1999 Dec;83(6 Pt 1):517-23. 

doi: 10.1016/S1081-1206(10)62862-1. PMID: 10619342

27	 Sicherer SH, Munoz-Furlong A, Sampson HA. Dose-response in double-blind placebo-controlled oral food challenges in children with atopic 

dermatitis. J Allergy Clin Immunol. 2000 Mar;105(3):582-6. doi: 10.1067/mai.2000.104941. PMID: 10719311

28	 Aas K, Elsayed SM. Characterization of a major allergen (cod). Effect of enzymic hydrolysis on the allergenic activity. J Allergy. 1969 

Dec;44(6):333-43. doi: 10.1016/0021-8707(69)90025-2. PMID: 4983319

29	 Beale JE, Jeebhay MF, Lopata AL. Characterisation of purified parvalbumin from five fish species and nucleotide sequencing of this major 

allergen from Pacific pilchard, Sardinops sagax. Mol Immunol. 2009 Sep;46(15):2985-93. doi: 10.1016/j.molimm.2009.06.018. PMID: 

19616851

30	 Lim DL, Neo KH, Goh DL, Shek LP, Lee BW. Missing parvalbumin: implications in diagnostic testing for tuna allergy. J Allergy Clin Immunol. 

2005 Apr;115(4):874-5. doi: 10.1016/j.jaci.2004.12.1117. PMID: 15806014

31	 Bugajska-Schretter A, Pastore A, Vangelista L, Rumpold H, Valenta R, Spitzauer S. Molecular and immunological characterization of carp 

parvalbumin, a major fish allergen. Int Arch Allergy Immunol. 1999 Feb-Apr;118(2-4):306-8. doi: 10.1159/000024111. PMID: 10224422

32	 Hamada, Y.; Tanaka, H.; Ishizaki, S.; Ishida, M.; Nagashima, Y.; Shiomi, K. Purification, reactivity with IgE and cDNA cloning of parvalbumin as 

the major allergen of mackerels. Food Chem. Toxicol. Aug;41(8):1149-56. doi: 10.1016/s0278-6915(03)00074-7. PMID: 12842183

33	 Kalic T, Radauer C, Lopata AL, Breiteneder H, Hafner C. Fish allergy around the world-precise diagnosis to facilitate patient management. 

Front Allergy. 2021 Oct 13;2:732178. doi: 10.3389/falgy.2021.732178. PMID: 35387047

34	 Kuehn A, Hilger C, Lehners-Weber C, Codreanu-Morel F, Morisset M, Metz-Favre C, Pauli G, de Blay F, Revets D, Muller CP, Vogel L, Vieths S, 

Hentges F. Identification of enolases and aldolases as important fish allergens in cod, salmon and tuna: component resolved diagnosis using 

parvalbumin and the new allergens. Clin Exp Allergy. 2013 Jul;43(7):811-22. doi: 10.1111/cea.12117.PMID: 23786287

35	 Liu R, Holck AL, Yang E, Liu C, Xue W. Tropomyosin from tilapia (Oreochromis mossambicus) as an allergen. Clin. Exp. Allergy 2013 

Mar;43(3):365-77. doi: 10.1111/cea.12056. PMID: 23414545

36	 Gonzales-Fernandez J, Alguacil-Guillen M, Cuellar C, Daschner A. Possible allergenic role of tropomyosin in patients with adverse reactions 

after fish intake. Immunol. Invest. 2018 May;47(4):416-429. doi: 10.1080/08820139.2018.1451882. PMID: 29578823

37	 Ruethers T, Taki AC, Karnaneedi S, Nie S, Kalic T, Dai D, Daduang S, Leeming M, Williamson NA, Breiteneder H, Mehr SS, Kamath SD, 

Campbell DE, Lopata AL. Expanding the allergen repertoire of salmon and catfish. Allergy. 2021 May;76(5):1443-1453. doi: 10.1111/all.14574. 

PMID: 32860256



Copyright 
© 2023. All rights reserved.

Publisher

MacroArray Diagnostics
Lemböckgasse 59, Top 4 
1230 Vienna, Austria

Scientific Content

Dr. Raffaela Campana,

Mag. Peter Forstenlechner,

Dr. Christian Lupinek, 

Dr. Sandra Wieser

Non-scientific content/Editing/English translation

Tanja Judmann, MA

Brand/Design

Mag. Barbara Schwarz

IMPRINT


	Opening
	Literature Review
	Seafood allergy
	Introduction
	Classification of seafood
	Adverse reactions
	Shellfish allergy
	Routes of sensitisation
	Prevalence
	Symptoms
	Diagnosis
	Molecular allergy diagnostics
	Shellfish allergens 
	Cross-reactivity with other allergen sources
	Therapy
	Fish allergy

	Nutrition, benefits, and risks
	Routes of sensitisation
	Clinical manifestations 
	Fish allergens
	Food processing and allergenicity 
	Diagnosis
	Interview



	Human Capital
	What's new at MADx
	Product innovations for laboratories and veterinarians
	New hardware system: MAX 9k
	PAX Pet Allergy Xplorer now available
	Appendix







	Index
	Imprint


	Copyright 




