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Abstract
Background: Major fish allergens, including parvalbumin (PV), are heat stable and can 
withstand extensive cooking processes. Thus, the management of fish allergy gener-
ally relies on complete avoidance. Fish-allergic patients may be advised to consume 
canned fish, as some fish-allergic individuals have reported tolerance to canned fish. 
However, the safety of consuming canned fish has not been evaluated with compre-
hensive immunological and molecular analysis of canned fish products.
Methods: We characterized the in vitro immunoreactivity of serum obtained from 
fish-allergic subjects to canned fish. Seventeen canned fish products (salmon n = 8; 
tuna n = 7; sardine n = 2) were assessed for the content and integrity of PV using 
allergen-specific antibodies. Subsequently, the sIgE binding of five selected products 
was evaluated for individual fish-allergic patients (n = 53). Finally, sIgE-binding pro-
teins were identified by mass spectrometry.
Results: The canned fish showed a markedly reduced PV content and binding to PV-
specific antibodies compared with conventionally cooked fish. However, PV and other 
heat-stable fish allergens, including tropomyosin and collagen, still maintained their 
sIgE-binding capacity. Of 53 patients, 66% showed sIgE binding to canned fish pro-
teins. The canned sardine contained proteins bound to sIgE from 51% of patients, 
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1  |  INTRODUC TION

IgE-mediated fish allergy is a worldwide concern that affects both 
adults and children.1,2 Currently, there is no effective treatment; thus, 
the current management of fish allergy relies on complete avoidance 
of implicated fish in the diet of affected individuals as well as education 
and the provision of emergency medicine such as EpiPen®.3 The prev-
alence of fish allergy can be as high as 6% amongst children in countries 
frequently consuming seafood, such as Finland and Vietnam.4,5 Fish 
allergy, similar to nut allergy, is amongst the most common causes of 
anaphylaxis and death from food allergy6–8 and persists for life in up to 
90% of patients with a similar trend also observed in peanut allergy.9–11

Some fish-allergic individuals are reported to tolerate fish in canned 
form,12 although the exact mechanisms for this tolerance remain un-
known.13 Recommendations to consume canned fish are sometimes 
advised by clinicians and medical practitioners to maintain a healthy 
dietary intake for fish-allergic patients, since the nutrient contained in 
fish, such as omega-3 fatty acids and minerals, is known for their ben-
eficial properties.14–17 The possible reasons for tolerance of canned 
fish in such patients include a decreased allergenicity caused by the 

extreme thermal treatment during the canning (retorting) process, 
possibly resulting in conformational changes in allergenic proteins.18–21 
A reduction in IgE binding in canned products has also been reported 
for tuna.19 However, comprehensive molecular and/or immunological 
analysis of allergens in canned fish products have not yet been under-
taken. There are very limited studies on canned fish products, and they 
often lacked to investigate different fish species or canned products or 
using an inadequate number of allergic patients/serum samples. The 
potential of some fish species or canned fish products to maintain their 
allergenicity cannot be dismissed, as allergic reactions to canned fish 
have been reported in the past.13,22,23 In fact, canned tufish has been 
used to commit suicide by a man with known fish allergy.24

Given the global consumption of canned tuna, it is crucial to de-
tect and address any potential risks to human health associated with 
the consumption of these products. Ensuring the safety of canned 
tuna is vital for maintaining the integrity of the global food security 
chain.25 Furthermore, within national and international regulations 
that are related to the labelling of the allergen-causing compounds 
in food products, the importance of the detection of allergens has 
been well understood for public health safety over the past years. 

followed by canned salmon (43%–45%) and tuna (8%–17%). PV was the major allergen 
in canned salmon and sardine. Tropomyosin and/or collagen also showed sIgE binding.
Conclusion: We showed that canned fish products may not be safe for all fish-allergic 
patients. Canned fish products should only be considered into the diet of individu-
als with fish allergy, after detailed evaluation which may include in vitro diagnos-
tics to various heat-stable fish allergens and food challenge conducted in suitable 
environments.

K E Y W O R D S
canned fish, fish allergy, food allergy management, parvalbumin, thermostable allergen, 
tropomyosin

G R A P H I C A L  A B S T R A C T
The potential risk of thermostable allergens in canned fish for fish allergy sufferers: This is the first study that comprehensively examines 
the in vitro immunogenicity of canned fish, employing a cohort of fish-allergic patients (n = 53; largest to date). Canned fish contains 
thermostable proteins, including major fish allergens (parvalbumin and tropomyosin), which bind to the sIgE of fish-allergic patients. 66% of 
patients showed sIgE binding to canned fish. Canned fish may not be safe for all fish-allergic patients.
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While tuna species are generally considered to be less allergenic 
compared with other commonly consumed fish species like salmon 
and herring,3,26 the presence of major allergen has been detected 
in both fresh and processed tuna.27 Undeclared tuna allergen was 
also classified as a primary cause for commercial tuna recalls in the 
United States between 2002 and 2020.28

Numerous studies have reported the heat stability of major fish 
allergen, parvalbumin (PV; 10–14 kDa), which is present in many dif-
ferent fish species and how it can withstand extensive cooking pro-
cesses.29,30 Other highly allergenic fish proteins, such as tropomyosin 
(TM) and collagens, are also heat stable and are present in wide variety 
of fish species including Asian seabass (a.k.a. Barramundi), Pangasius/
catfish, salmon and tuna,31–33 although TM and collagens are not as 
well studied as fish PV. These major allergens and their reactivity must 
be carefully considered when characterizing the canned fish products. 
In the present study, we explored the potential allergenicity of a wide 
variety of canned products using the largest cohort of individuals with 
well-characterized and clinically confirmed fish allergy, with the aim 
of re-evaluating the recommendations on consumption of canned fish 
products for IgE-mediated fish-allergic patients.

2  |  MATERIAL S AND METHODS

2.1  |  Patient recruitment

Well-characterized and clinically confirmed fish-allergic paediatric 
patients (n = 53; 1–18 years old; see Table  1) were recruited at the 
Children's Hospital at Westmead, Australia, based on a convincing 
recent clinical history of IgE-mediated adverse reactions to any fish. 
Sensitization to fish was confirmed by skin prick testing (SPT) using 
commercial preparations for cod, tuna and salmon, including to 
culprit fresh fish (where possible) and/or the presence of specific sIgE 
(ImmunoCAP; Phadia-Thermo Fisher Scientific, Uppsala, Sweden), to 
cod (Gadus morhua; f3), tuna (Thunnus albacares; f40) and salmon (Salmo 
salar; f41). Patients underwent oral food challenges (OFC) with canned 
fish (tuna and/or salmon) if they had a desire to include canned fish 
into their diet, where parents consented to the OFC being conducted, 
and where a clear history of tolerance to canned fish was not obtained. 
The fish challenges used the index cooked fish- or canned (when it is 
a canned tuna or salmon challenge) and were semi-logarithmic doses 
up to a standard serving size which exceeds a 20 g protein per total 
cumulative dose. Serum from non-seafood-allergic, atopic patients 
(n = 4) served as negative controls. The study was approved by the 
Sydney Children's Hospital Network (approval number: LNR-14/
SCHN/185). Parents of all participants gave written informed consent 
and patient anonymity was preserved.

2.2  |  Canned fish products

Canned fish products from salmon (n = 8), tuna (n = 7) and sardine 
(n = 2), were purchased from major supermarket retailers in Australia. 

These 17 canned fish products were produced by nine different 
manufacturers and are all prepared in salt water (see Table S2 for 
more detail). The selection of canned fish products evaluated in this 
study represents a great portion of the products available at the two 
major supermarket retailers in Australia.

2.3  |  Preparation of fish protein extracts

Protein extracts were prepared from 30 g of each canned fish product, 
and muscle tissues of Atlantic salmon (Salmo salar), yellowfin tuna 
(Thunnus albacares) and sardine (Sardina pilchardus) as cooked fish 
extracts (denoted as CE), using an established protocol34 (Method 
S1). PVs from salmon and cod were purified from protein extracts.35 
Fish was purchased from specific retailers, and authenticity of 
specimens was confirmed using species identification guides and 
consulting fishery experts at the Centre for Sustainable Tropical 
Fisheries and Aquaculture (James Cook University, Townsville, 
Australia).

2.4  |  Immunoblot analysis with 
parvalbumin-specific antibodies

For the detection of PV by immunoblotting, proteins (10 μg/lane) 
from all fish extracts and purified PVs from salmon and cod (0.5, 1 
and 2 μg) were resolved by 16% SDS-PAGE and transferred onto an 
activated PVDF membrane (GE Lifesciences). PV was detected using 
a monoclonal anti-PV antibody,35–39 (PARV-19; Sigma-Aldrich), and 
either the in-house generated polyclonal rabbit antibodies against 
salmon PV or Asian seabass PV.40 The antibody bindings were 
visualized using a protocol described in Methods S2 and S2.1.

2.5  |  Immunoblot analysis with sera from 
fish-allergic children

For the initial characterization of IgE-binding proteins in canned 
fish extract, pooled serum from five selected patients was used 
for immunoblotting. Patients were selected based on their clinical 
history and/or sIgE binding (salmon; tuna; and sardine), or positive 
SPT. Proteins from canned fish extracts (10 μg/lane) and CE from 
salmon (1 μg), tuna (10 μg) and sardine (5 μg) were resolved by 16% 
SDS-PAGE and transferred onto activated PVDF membranes. The 
sIgE bindings were visualized using a protocol described in Methods 
S2 and S2.2.

To investigate the individual sIgE binding of 53 patients, five 
canned products (see Table S2) were selected based on the results 
from pooled serum sIgE binding. The sIgE-binding profiles of individ-
ual patients were established against the selected five canned prod-
ucts and three fish CEs. The selection of five canned products was 
made as follows: canned salmons (I-2 and I-7) are both Pink salmon 
from different manufactures and origins, selected based on sIgE 
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6  |    TAKI et al.

binding to 10–15 kDa proteins; canned tuna (T-1 and T-3) are differ-
ent species (skipjack and yellowfin tuna, respectively) and selected 
based on sIgE binding to only the latter species; and canned sardine 
(S-2) was selected based on higher sIgE binding. The Surf-Blot anti-
body screening system using a manifold (Idea Scientific) was used to 
investigate serum IgE binding from all patients to the same extract. 
Proteins (100 μg) of each extract were resolved by 16% SDS–PAGE 
and transferred onto a nitrocellulose membrane. IgE-binding inten-
sities were determined in comparison with negative controls and 
other patients as well as signals to other proteins, and were clas-
sified into three levels (1 = weak, 1–500; 2 = moderate, 501–2000; 
3 = strong, >2000; normalized within each membrane) based on the 
binding intensity measured by densitometric analysis.

2.6  |  Identification of sIgE-binding proteins by 
mass spectrometry

The prominent sIgE-binding bands from five select canned fish (see 
Section  3.2) and whole extracts (200 μg/mL), and the respective 
fish CEs were subjected to mass spectrometric analysis after tryptic 
digestion (Method S3).33,34,41 For canned fish products, small 
sections, not a band, containing sIgE-binding proteins were excised 
instead from the gel due to smearing (see Figure S1).

Results were analysed using MaxQuant (v. 1.6.10.43), against 
an NCBI database containing amino acid sequences of all proteins 
from the corresponding species or closest higher classification with 
at least three annotated genomes/transcriptomes (July 2020). The 
relative protein abundance is expressed in relative intensity-based 
absolute quantification (iBAQ%) value.42 Fixed modification carba-
midomethyl-C and variable modifications of deamidation N, deami-
dation Q and oxidation of M were selected. Identified protein groups 
with at least one unique peptide and a minimum of two razor/unique 
peptides were included in the analysis.

2.7  |  In silico conservation analysis of fish 
parvalbumin and tropomyosin

PV and TM sequences, identified in canned salmon and sardine 
products by mass spectrometric analyses after in-solution digestion, 
were analysed and compared for amino acid sequence identities 
using Clustal Omega.43

3  |  RESULTS

3.1  |  Protein profile and detection of parvalbumin 
in canned fish products

The protein profile of 17 canned fish extracts differed greatly to 
that of the CEs of corresponding fish (Figure  1A). The proteins in 
canned fish products consistently extended over 10–150+ kDa as 

undefined bands or smears likely due to extensive aggregation and/
or degradation as compared to the CEs with distinguished bands. 
The protein profile within each fish group was also compared. For 
canned salmons, no distinct differences were observed for species 
or manufacturers. For canned tuna, the differences were evident 
between species that skipjack tuna (T-1, 2, 4, 5, 7) contained more 
smaller proteins while yellowfin tuna (T-3, 6) contained more of 
larger proteins. For canned sardines, two products showed different 
profiles.

PV could not be detected in any of the canned fish products using 
PARV-19 or in-house generated anti-salmon and anti-Asian seabass 
PV-specific polyclonal antibodies (Figure 1B,C). PVs in salmon and 
sardine CEs, but not in tuna CE, were detected at 11–14 kDa in ref-
erence to the purified salmon and cod PVs (Figure 1B,C). For salmon 
and sardine CEs, at least two isoforms of PVs and dimers (~25 kDa) 
and polymers (~50 kDa and ~150 kDa) were also detected.

3.2  |  Detection of sIgE-binding proteins in canned 
fish products

Some proteins in canned fish products and three fish CEs bound 
to sIgE from pooled sera (Figure 1D). Most of the sIgE binding oc-
curred at >30 kDa for all canned fish products. Contrary to the 
protein profiles of canned fish differing between fish groups (Fig-
ure 1A), the sIgE binding was rather similar (Figure 1D). The sIgE 
binding for canned salmon products was independent of the spe-
cies, origin or manufacturers. The sIgE binding changed based on 
the tuna species; yellowfin tuna (Thunnus albacares; T-3, 6) showed 
considerably higher sIgE binding than skipjack tuna (Katsuwonus 
pelamis; T-1, 2, 4, 5, 7). A canned sardine (Clupea harengus; S-2) 
contained more sIgE-binding proteins than the other product (Sar-
dinella spp.; S-1); however, the differing factor was inconclusive 
due to sample size. Canned salmon (I-2 and I-7) and sardine (S-
2) showed sIgE binding to proteins at 11–14 kDa while no canned 
tuna did.

Strong sIgE binding to proteins at 11–14 kDa was observed for 
salmon and sardine CEs but not for tuna CE. In addition, strong sIgE 
binding to proteins at 30–40 kDa was observed for tuna and sardine 
CEs but not for salmon CE.

3.3  |  Identification of sIgE-binding proteins in 
canned fish products by mass spectrometry

The in-gel tryptic digestion mass spectrometry revealed that sIgE-
binding proteins in the selected canned fish products as major 
fish allergens (Figure S1 and Tables S2–S4). Canned pink salmon 
(I-7) contained PV (11 kDa; iBAQ 75.2%), TM (40–42 kDa; iBAQ 
47%) and type I collagen α-1 (250+ kDa; iBAQ 22%; Table  S2). 
Both canned tuna (Thunnus spp.; T-3 and T-6) contained TM (35–
37 kDa; iBAQ 48% and 44%; 38–46 kDa; iBAQ 33%; Table  S3; 
T-3). Canned sardine (C. harengus; S-2) contained PV (12 kDa; 
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    |  7TAKI et al.

iBAQ 85%) and TM (38–50 kDa; 74%, 78% and 30%; Table  S4), 
which were highly abundant. Though not officially registered 
as a fish allergen, myosin heavy chain (MHC) and its fragments 
were detected throughout the 60–250+ kDa regions in all canned 
products.

In fish CEs, PV (10–12 kDa) and/or TM (36–40 kDa) were also 
found in all three species (Tables S2–S4), at the expected size. The 
adjacent bands to the PVs and TMs were identified as their isoforms. 
Besides PV and TM, MHC (tuna CE), troponin (tuna CE) and myosin 
light chain (sardine CE) were found as sIgE-binding proteins.

In-solution digestion mass spectrometry showed that TM was 
highest in abundance in four canned fish products (I-2, I-7, T-3 and 
S-2) and relatively high in canned Skipjack tuna (T-1), followed by 
MHC, myosin light chain, actin and PV (Figure 2). The canned tuna 
(T-1 and T-3) contained much higher levels of MHC than other fish 
products. PV was high in abundance for canned sardine (S-2), and 
low in canned salmon (I-2 and I-7). Most heat-labile proteins, in-
cluding aldolase and enolase, were low in abundance in all canned 
products.

3.4  |  sIgE-binding profiles of individual patients to 
canned fish proteins

The immunoblot analysis on sera from 53 fish-allergic patients 
(Figures  3 and 4; Figures  S2–S4) revealed that 35 out of 53 pa-
tients (66%) showed sIgE binding to canned fish proteins. Canned 
sardine (S-2) had the highest number of patient (51% of the co-
hort) sIgE binding, followed by canned salmon (43% and 45%; I-2 
and I-7, respectively) and canned tuna (8% and 17%; T-1 and T-3, 
respectively).

For canned salmon, IgE binding was mostly against small proteins 
(11.1 and 11.7 kDa; Figure 3). Most patients' serum binding to these 
small proteins (~46% of the cohort) also bound to the proteins of 
same size in cooked salmon (Figure 4). Some patient sera bound to 
proteins of 38.5 kDa in both canned salmon. No other differences in 
binding frequencies and proteins were observed.

For tuna, only <20% of the cohort bound to proteins in canned 
or cooked form (Figure 4). Of which, 8% bound to proteins at 11.0 
and 11.2 kDa in both canned tuna and CE (Figures 3 and 4). About 

F I G U R E  1  Protein profiling (A) and immunoblot analysis of 17 different canned fish products using monoclonal PARV-19 antibody (B), 
rabbit anti-salmon PV or anti-Asian seabass PV antibodies (C) and pooled patient sera (D). Cooked fish extracts (CE) from salmon, tuna and 
sardine were used as references. Purified PVs from salmon and Atlantic cod were used as quantitative controls (0.5, 1 and 2 μg).
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8  |    TAKI et al.

20% of patients' serum bound to a 35.2 and/or 150 kDa proteins in 
CE but not in canned tuna.

For sardine, the most frequent and strongest sIgE bindings 
were observed across three fish groups. Proteins at 11.1 and 
12.2 kDa binding to 14% and 37% of cohort (Figure  3), respec-
tively, at high intensities. Some patients’ serum bound to proteins 
at 35.9, 38.1 and 150 kDa in canned sardine, which was also ob-
served for canned salmon and tuna at similar frequencies (Fig-
ures 3 and 4).

Up to 5% of cohort showed binding to larger proteins (35–
100 kDa) which molecular weight could not be defined (in I-2, T-1, 
T-3 and S-2; Figure 4). These were the smear-like bands observed 
on SDS-PAGE gels (refer to Section 3.1 and Figures S2–S4). Those 
patients’ serum with binding to this smear region showed binding to 
all four of these canned products as well as several large proteins in 
CEs of corresponding species (i.e. 150 kDa protein in salmon [19%], 
tuna [17%] and sardine [14%]).

Patient sera bound to proteins in CEs of salmon, tuna and sar-
dine at frequencies of 70%, 45% and 81%, respectively (Figure 3). 
The sIgE binding and frequency were much higher against proteins 
in CEs than canned fish.

3.5  |  Amino acid sequence conservation of 
fish allergens

Sequence identity matrix analysis performed for PVs and TMs, 
identified in the canned salmon, tuna and sardine by mass 
spectrometry, showed that TM was more conserved across three 
species than PV (Figure 5). TM of two sardine α-isoforms and two 
salmon α- and one β-isoforms were 84–90% similar to each other, 
while the majority of β-PV isoforms were only up to 80% similar, 
including within each of the analysed fish species.

4  |  DISCUSSION

Here, in a comprehensive analysis of 17 canned fish, we identified 
heterogeneity in the protein composition between canned and 
cooked forms of fish, and found sIgE-binding proteins in all canned 
fish products using serum from 53 fish-allergic patients. The major 
fish allergen PV was detected in canned salmon and sardine, which 
bound to sIgE but not the PV-specific monoclonal and polyclonal an-
tibodies. Along with PV, other fish allergens such as TM and collagen 
were also abundantly present in all canned fish products. Other pro-
teins yet to be registered as allergens including MHC were found in 
all canned fish, which also bound to sIgE. Thus, the consumption of 
canned fish for fish-allergic patients requires a careful assessment 
on an individualized basis.

Parvalbumin, as it is a major fish allergen, was found to be the 
major IgE-binding protein in canned salmon and sardine products. In-
terestingly, PVs in canned fish could not be detected by neither mono- 
or polyclonal antibodies specific to PV. Furthermore, PVs in canned 
fish and cooked fish had similar sIgE-binding intensity when no bands 
could be detected using SDS-PAGE. In an effort to enhance the bind-
ing of anti-PV antibodies to canned fish extracts, we also carried out 
assays with two times (20 μg) and four times (40 μg) the loaded amount 
of protein extracts, as well as an extended development time of up 
to 24 h (data not provided). Despite these efforts, we were unable to 
observe any binding. The evidence of this work strongly suggests that 
the lack of binding was primarily influenced by the extreme processing 
conditions applied to the fish proteins and the consequent loss of the 
recognition of specific epitopes for these antibodies.36 By contrast, 
there were clearly distinct sIgE bindings to PVs in the same canned fish 
extracts (see Figure 1D), suggesting the protein amount was not the 
cause of this phenomenon. This highlights that common protein-based 
analytical methods lack sensitivity and thus require other methods for 
the detection of PV in canned fish as an in vitro diagnostic tool.44

F I G U R E  2  In-solution mass 
spectrometric analysis of relative protein 
abundance in selected canned fish 
extracts. The relative protein abundance 
(iBAQ%) value represents the relative 
abundance of each protein including 
isoforms. The relative abundance was 
determined for IgE-binding proteins. DH, 
dehydrogenase; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; MLC, 
myosin light chain; MHC, myosin heavy 
chain; TPI, triosephosphate isomerase.
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    |  9TAKI et al.

Contrary to the common belief, we found that PV in canned fish 
was not destroyed during the retorting process despite the common 
belief. While the cooked extracts in this study represent the conven-
tional heating preparation of fish (such as at home), all canned fish 
products investigated would have gone through an extreme heating 
process of 110–121°C.45,46 The ability of these salmon and sardine 
PVs to maintain IgE reactivity after retorting process certainly war-
rants further investigation to evaluate the thermostability for each 
species. PVs of other fish species (i.e. Pacific mackerel) have been 
reported to lose IgE binding at 140°C.29 PV from yellowfin tuna 
lost its binding capacity to sIgE in canned form (in comparison with 
cooked yellowfin tuna), while canned skipjack tuna maintained its 
IgE-binding capacity—this finding also supports the thermostability 
of PVs to be species-specific.20

Thermal processing can lead to alterations in protein solubility and 
detectability in fish, as well as fragmentation of proteins in varying 
molecular weights and the loss of well-defined bands on SDS-PAGE.47 
For PV, heating not only leads to structural changes but it also causes 
the presence of monomeric and oligomeric forms of the protein in 
thermally processed fish.35 Stable allergenic polymers can exist in 
cod,48 snapper49 and several other species including pilchard.50 Gen-
erally, about 80% of all well-characterized allergens are forming di-
mers or oligomers naturally51; however, their role in triggering allergic 
reactions remains unclear and needs further investigations.

In our study, we were unable to detect clear dimers using PV-
specific monoclonal antibody (PARV-19) besides a faint band ob-
served at 25 kDa for purified salmon PV. By contrast, the polyclonal 
anti-PV antibodies exhibited strong binding at 25 and 50 kDa for pu-
rified salmon PV, cooked extracts from salmon and sardine, indicating 
the presence of dimers and polymers. However, none of the canned 
products including salmon showed such dimers or polymers when 
tested with the antibodies. A comprehensive biochemical study of PV 
and its biological and physiochemical properties has highlighted the 
presence of cysteine residues in certain PVs,52 which may assist in di-
merization of this protein. Specifically, PV from salmon contains four 
cysteine residues which could form disulphide bonds under oxidizing 

conditions, which may be encountered during the intense thermal 
processing involved in canning fish. Our study corroborates this find-
ing by confirming the polymerization of salmon PV, while no such po-
lymerization was observed in tuna or sardine PVs. The formation of 
aggregated polymers is not solely determined by disulphide bonds but 
also influenced by the abundance of different PV isoforms present in 
various fish species, as demonstrated in the case of cod fish and mack-
erel. Although the allergenicity of a specific fish species is dependent 
on several factors, including protein (i.e. PV) sequences, concentra-
tion impacting folding, stability and interaction properties,53 the con-
clusions drawn in our study supports the findings where PV polymers 
could be detected using the anti-fish PV polyclonal antibody in salmon 
and sardine samples while exhibiting no sIgE bindings.

To our surprise, TM showed significant sIgE binding, greater than 
PV, in canned fish, and it appeared to be a major IgE-binding protein 
in canned fish. We have recently identified TM as major fish aller-
gen of unrecognized importance.33 Importantly, TM demonstrated 
frequent and stronger sIgE binding in cooked tuna and canned tuna 
as compared to PV, highlighting its relevance for tuna-allergic indi-
viduals. TM was found in higher abundance than PV in all canned 
fish examined, emphasizing its significance as a major allergen in 
canned fish. Collagen is another allergen of interest in canned fish 
products. We have previously reported collagen as a key fish aller-
gen in the same cohort of patients32 (see Table  1). We now show 
serum from the same patients binding to collagen in canned fish. 
Collagen is another highly thermostable protein with a long, repet-
itive structure31,32; thus, its allergenicity would be maintained after 
the retorting process. MHC was also present in high abundance in 
all canned fish (in-solution analysis), however, in the form of frag-
ments (60–250 kDa; in-gel analysis). Myosins play a crucial role in 
contractile movements in cells and tissues of fish. This large, hex-
americ protein constitutes over 50% of the total mass of skeletal 
muscles and is composed of two myosin heavy chains (MHC) of over 
200 kDa and four myosin light chains (MLC) of 20 kDa. Due to the 
extreme processing conditions of canned fish and the high abun-
dance of these protein subunits, the presence of fragments of MHC 

F I G U R E  3  Characterization of sIgE binding of a fish-allergic cohort (n = 53) to canned and cooked fish proteins. IgE-binding intensities 
were determined in comparison with negative controls and other patients as well as signals to other proteins and were classified into three 
levels (1 = weak, 1–500; 2 = moderate, 501–2000; 3 = strong, >2000; normalized within each membrane) based on the binding intensity 
measured by densitometric analysis against bands in various sizes (in kDa; x-axis) from the Western immunoblotting. Main sIgE-binding 
proteins from select canned fish and cooked fish extracts (CE) were analysed.

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.15864 by E

ddie K
oiki M

abo, W
iley O

nline L
ibrary on [10/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



10  |    TAKI et al.

in multiple protein bands was likely. While MHC is not (yet) regis-
tered as an official fish allergen by the WHO/International Union of 
Immunological Societies (IUIS; www.aller​gen.org) and is susceptible 
to heat treatment,54 it has been identified as a strong IgE-binding 
protein in patients with salmon fish allergy and atopic dermatitis.55 
Thus, its potential reactivity should not be disregarded.55,56 Con-
sequently, MHC could potentially be an allergen of concern in the 
current study.

The answer to the anticipated question on which canned fish is 
safe (−r) for consumption for fish-allergic patients must be carefully 
considered on an individualized basis. It can be postulated that the 
consumption of canned sardine may lead to severe allergic reaction 
compared with consuming canned salmon or tuna, hypothesized 
based on the stronger and/or more frequent IgE binding to canned 
sardine proteins overall. Furthermore, individuals who exhibit sig-
nificant IgE binding to TM and/or collagen rather than PV may be 

F I G U R E  4  sIgE-binding profile of 53 fish-allergic subjects to canned and cooked fish proteins. Three sIgE-binding levels (1 = weak, 1–500; 
2 = moderate, 501–2000; 3 = strong, >2000; normalized within each membrane) were classified using densitometric analysis of individual 
bands from the Western immunoblotting to each of the main sIgE-binding proteins from select canned fish and cooked fish extracts (salmon, 
tuna and sardine CE).
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required to avoid consuming canned tuna due to the high abundance 
of these allergens. To gain a comprehensive understanding of the po-
tential reactivity, or lack thereof, to canned fish, a more comprehen-
sive and in-depth investigation is required to uncover the underlying 
mechanisms behind tolerance in individual patients. In our cohort of 
53 patients, 13 have passed OFC with canned salmon and/or canned 
tuna (see Table  1). Although this was expected for the majority of 
the 13 patients based on our individual sIgE analysis, in particular for 
canned tuna with patients often not showing IgE binding to cooked 
tuna, the results however did not explain tolerance for three patients 
who passed canned salmon OFCs. Prior to our study, there have been 
only two clinical studies conducted on canned fish (in 1992 and 2021) 
that specifically investigated the tolerance to canned tuna in subjects 
(18 and 25 individuals, respectively) with fish allergies.12,19 In line 
with our current understanding, these studies revealed no evident 
correlation with SPT results and/or IgE reactivity that could explain 
the tolerance to canned tuna. This intriguing finding suggests that 
there are likely additional factors at play in determining an individual's 
ability to tolerate canned tuna despite having a fish allergy. Elucidat-
ing the correlations between observed IgE binding, SPT results and 
patients detailed clinical history, including reported tolerance to spe-
cific fish species and preparations, might assist in the development of 
tools to predict tolerance to selected canned fish products.

The reactivity to canned fish products of different species could 
also be influenced by cross-reactivity of isoforms of major allergens. 
Salmon PV is well recognized for its mono-sensitivity, as IgE-binding 

regions are least similar to other fish PVs (see Figure S5). Although 
the epitopes of pink and red salmons (Oncorhynchus spp.) investi-
gated in the present study are yet to be characterized, the epitopes 
of Sal s 1 from Atlantic salmon (Salmo salar) are highly similar; 97% 
and 95% sequence identities between canned salmon PV 1 and 6 
(see Figure 5) with Sal 1 s β1 and β2, respectively. Our conservation 
analysis shows that cross-reactivity to TMs of different fish spe-
cies is much more likely to occur than PVs. Therefore, the patients 
who were identified with strong IgE binding to TM might be recom-
mended to avoid canned fish consumption completely.

It would be beneficial to conduct further investigations to es-
tablish IgE-reactivity profiles of individual patients to purified fish 
allergens (i.e. PV, TM and collagen) from each fish species through 
ELISA or another suitable method. However, we acknowledge the 
limitations associated with conducting such experiments using a 
cohort of paediatric patients. Our major limitations include: (i) the 
presence of multiple isoforms of major allergens in each fish spe-
cies,36 as this complexity significantly increases the number of test 
samples required. Additionally, (ii) the limited availability of serum 
samples, particularly from young or infant patients included in the 
study, poses a challenge in obtaining an adequate volume for such 
comprehensive analysis. Lastly, (iii) the lack of, or inaccurate, infor-
mation regarding fish species on the labels of canned products,57 
especially in the case of canned salmon and sardine, poses an addi-
tional challenge. Furthermore, sensitization to various fish species 
can vary significantly across different geographical regions. Studies 

F I G U R E  5  Conservation analysis of 
fish parvalbumin (PV) and tropomyosin 
(TM). Sequence identity matrix was 
performed for PVs and TMs identified in 
the canned salmon and sardine products 
by mass spectrometry analysis after in-
solution tryptic digest.
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with different cohorts will certainly demonstrate results custom to 
specific types of fish found in the region, with an example of canned 
sardine and salmon being often favoured over tuna in many Eastern 
regions. Considering these limitations, it is important to carefully 
consider and address these challenges in future studies that aim to 
conduct comprehensive allergen-specific analyses.

In conclusion, we found that canned fish products may not be 
safe for all fish-allergic patients. All three canned fish, from species 
commonly used for canned fish products, contained fish allergens 
(i.e. PV, TM and/or collagen). Thus, there is a risk of canned fish 
products to trigger allergic reactions in fish-allergic patients due to 
considerable IgE binding to these proteins. To the best of our knowl-
edge, this is the first study to comprehensively examine in vitro im-
munogenicity of canned fish employing a well-characterized cohort 
of fish-allergic patients, which is the largest to date. Based on our 
findings, we recommend that immunogenicity of canned fish should 
be further investigated, with the potential to develop suitable diag-
nostic tools for selection of fish-allergic patients who may tolerate 
such products. Further research will help shed light on the complex 
nature of allergic reactions to canned fish and provide valuable in-
sights for clinical management and patient care. In the interim, we 
recommend an individualized approach with the use of food chal-
lenges to determine tolerance prior incorporating canned fish into 
the diet of fish-allergic individuals.
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