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ABSTRACT

Fish collagen is one of the major allergens involved in fish allergies; however, it has not been
well-established whether fish collagen can cause anaphylaxis among individuals with fish
allergies, especially children. A 9-year-old girl experienced anaphylaxis after consuming 2
fruit-flavored gummy tablets. Contacting the manufacturing company revealed that fish-
derived collagen was used in the gummy tablets, and an oral fish collagen challenge test
confirmed that the anaphylaxis was induced by fish collagen. Immunoblot analysis showed
a120-kDa band in a sample of the fish collagen in the gummy tablets, and no reactive band
of the pork gelatin was observed. Additionally, salmon collagen and other fish samples

that provoked symptoms were detected as a 120-kDa band in the immunoblot analysis. The
120-kDa band was identified as fish collagen by mass spectrometry confirming that it was
the causative antigen of our patient's allergy. This case study confirms that fish collagen can
cause anaphylaxis in children with fish allergies. Physicians and allergic individuals need to
be aware that processed foods may contain fish collagen to avoid allergic reactions.

Keywords: Anaphylaxis; Food allergy; Fish products; Food hypersensitivity; Immunoblotting

INTRODUCTION

Fish allergies are common worldwide. Parvalbumin and collagen have been reported as fish
allergens. Fish collagen is an approximately 120-kDa protein consisting of 3 spirally wound
polypeptide chains, which form gelatin when the helical structure loosens and fragments
upon heating or enzymatic degradation [1, 2]. Fish gelatin retains as much allergenicity as
fish collagen [1, 2]. Fish collagen is used widely in various processed products.

Fish collagen-specific IgE antibodies have been found in 50% of Japanese patients with fish
allergies [3]. The risk of fish collagen-induced symptoms was considered low in people with
fish allergies with no positive reactions (0/30, 0/3, respectively), in studies by Hansen et al.
[4] and André et al. [S]. On the other hand, 4 cases of fish collagen allergy, in 3 adults and 1
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child, have been reported recently: 1 involving eel consumption [6] and 3 involving ingestion
of processed products (sweets and dietary supplements) containing fish collagen [7-9].

In this study, we describe the case of a girl who presented with anaphylaxis after inadvertently
consuming 2 gummy tablets containing fish collagen. This case may be useful in elucidating
the pathogenesis of fish allergies in children.

CASE REPORT

A 9-year-old Japanese girl had medical history included wheezing and facial swelling after
consuming grilled mackerel at 7 years of age and emergency treatment of itching in her
mouth, generalized urticaria, and coughing after consuming raw salmon at 8 years and 6
months of age. As she was suspected to have a fish allergy, she avoided fish-related products.
At the age of 8 years and 9 months, she experienced throat discomfort, generalized urticaria,
coughing, and respiratory distress after consuming 2 fruit-flavored gummy tablets. She was
admitted to the Emergency Department of a nearby hospital, where she received a nebulized
bronchodilator.

After discharge, we performed a prick-by-prick test using a bifurcated needle (Tokyo MI
Shokai, Tokyo, Japan), positive (histamine dihydrochloride, 10 mg/mL) and negative (saline)
controls (Torii Pharmaceutical, Tokyo, Japan), and test substances. The test results for

the same type of gummy tablets that had been taken by the patient, heated mackerel, and
heated salmon were positive (wheal diameter >3 mm more than that of the negative control),
measuring 13, 9, and 7 mm, respectively, compared to O and 7 mm for the negative and
positive controls, respectively. The specific immunoglobulin E (IgE) antibodies for flatfish,
salmon, mackerel, fish gelatin, carp parvalbumin, and cod parvalbumin, measured by
ImmunoCAP FEIA (Thermo Fisher Scientific, Waltham, MA, USA), were 10.2, 11.9, 1.05, 12.3,
1.95, and 1.50 UA/mL, respectively.

Further, we performed an oral food challenge (OFC) test for fish allergy. The patient
developed pharyngeal and laryngeal discomfort, abdominal pain, and urticaria of her mouth
and face after ingesting 2 g of heated flatfish. She was given another OFC test of fish collagen
5 months after ingesting the gummy tablets. This caused a more severe anaphylactic reaction
than the previous OFC of fish itself (Table 1).

Table 1. Patient response to the oral fish collagen challenge test

Time after OFC Dose of fish Vital sign Symptoms and signs Treatment
(min) collagen® (g)  spo, (%) BP (mMmHg)
Before OFC 98 97/61 No symptoms
0 0.3
1 100 103/57 Discomfort in the pharynx and larynx Oral antihistamines
15 100 97/64 Pharyngeal obstruction and moderate abdominal pain Nebulized adrenaline
50 100 106/84 Cold distal limbs Infusion of normal saline and prednisolone
15 100 103/57 Redness and a wheal around the face
180 98 94/51 All symptoms and signs resolved

OFC, oral food challenge test; SpO,, percutaneous oxygen saturation; BP, blood pressure.
*A sample of the fish collagen used in the gummy tablets was provided by the manufacturer; 1g was added to 3 mL of water and melted in a 500-W microwave
for 30 seconds. The patient consumed 1 g of the product, equivalent to 0.3 g of fish collagen.
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Fig. 1. Interaction between the fish collagen in the gummy tablets and serum from the patient and control. Lanes
M, 1, 2, SDS gel stained with Simply Blue; Lanes 3-8, Immunoblot; M, marker; FC, fish collagen in the gummy
tablets; PG, pork gelatin; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Immunoblotting
was performed according to the method of Hayashi et al. [10] Proteins were resolved on 4%-12% Bis-Tris SDS
gels (Thermo Fisher Scientific, Waltham, MA, USA) and transferred to an Immobilon-P polyvinylidene fluoride
membrane (pore size, 0.45 pm; Millipore, Bedford, MA, USA). The membranes were incubated with the patient
or volunteer serum and subsequently with a secondary antibody (peroxidase-labeled anti-human IgE [epsilon]
antibody; Kirkegaard & Perry Laboratories, Gaithersburg, MD, USA). Bound secondary antibody was detected
using the Pierce ECL Plus Western Blotting Substrate (Thermo Fisher Scientific, Waltham, MA, USA). The IgE
antibodies in the patient's serum interacted with an approximately 120-kDa protein in the fish collagen sample,
but not with pork gelatin.

In order to confirm that fish collagen was the antigen responsible for the patient's fish
allergy, immunoblotting was performed to determine whether her serum contained IgE
antibodies to the fish collagen in the gummy tablets and to commercially available pork
gelatin by the method of Hayashi et al. [10] (Fig. 1). The 2 negative controls were stored blood
specimens of volunteers without allergies to fish or collagen. This study was approved by the
Ethics Committee of the Osaka Habikino Medical Center (approval number: 914-2) and Fujita
Health University (approval number: HM16-371). The assays showed that the patient's serum
reacted strongly to a protein of approximately 120 kDa and multiple bands in the fish collagen
sample, but not with pork gelatin.

A similar experiment was performed using heated flatfish, mackerel, salmon, and salmon
collagen as the antigen or antigen source (Fig. 2). Salmon collagen was extracted according
to the method of Hamada et al. [2]. The IgE antibodies in the patient's serum reacted with a
120-kDa protein in the flatfish, mackerel, salmon, and salmon collagen samples.

The 120-kDa band from the flatfish was identified by mass spectrometry as collagen alpha-
1(I) chain-like of Paralichthys olivaceus (accession number XP_019961379.1, the National
Center for Biotechnology Information [Bethesda, MD, USA] gene database). The salmon
and mackerel collagen were not registered in the database but were similar to the collagen
alpha-1(I) chains of Oncorhynchus nerka and Sinocyclocheilus anshuiensis (accession numbers
XP_029491415.1 and gi|1025094027, respectively). The protein coverage for each band of
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Fig. 2. Interaction between proteins in heated flatfish, mackerel, salmon, and salmon collagen with serum from
patient and controls. Lanes M, 1-4, SDS gel stained with Simply Blue; Lanes 5-16, Immunoblot; M, marker; FF,
flatfish; MK, mackerel; SM, salmon; SC, salmon collagen; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. The IgE antibodies in the patient's serum reacted with an approximately 120-kDa protein in all
samples.

flatfish, salmon, and mackerel were 31.7% (458aa/1447aa), 3.2% (46aa/1449aa), and 1.4%,
(20aa/1451aa), respectively.

DISCUSSION

This is the first child fish collagen anaphylaxis case diagnosed by oral fish collagen challenge
test (Table 1). Care should be taken when performing OFC test in patients with a suspected
fish collagen allergy, and a small amount of fish collagen should be used. According to the
manufacturer, there is about 0.38 g of fish collagen per 4-g tablet, which is relatively high, as
compared with 80-280 mg of fish collagen in an 80 g piece of fish fillet [11]. Hence, ingestion
of even a small amount of a tablet could provoke a severe reaction.

Multiple bands were present in the main 120-kDa band in the immunoblot of fish collagen for
the gummy tablets, but not in the immunoblot of pork gelatin indicating fish collagen/gelatin
and pork gelatin do not show cross-reactivity (Fig. 1) [1].

The collagen in the heated flatfish, mackerel, and salmon samples was identified as the
antigen by immunoblotting and mass spectrometry indicating fish collagen is the antigen
responsible for fish allergy and a high-level cross-reactivity among the collagens of different
fish species (Fig. 2) [2]. IgE antibodies in the patient's serum also reacted with additional
proteins; these proteins may also be done in the development of fish allergies.

The cause of this case of pediatric anaphylaxis following the ingestion of gummy tablets
was confirmed to be fish collagen by oral fish collagen challenge test. Inmunoblot assays
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indicate that fish collagen can cause symptoms in children allergic to fish. Physicians need
to be aware that some processed products contain fish collagen so that they can warn
patients with fish allergies.
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