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Abstract: Patients with specific seafood allergies are commonly sensitized to related foods, for example, crab with other Crustaceans
and Squid with other mlluscs. In some instances, this represents a true allergy to the related seafood, defined as CR (cross-reactivity),
while in other instances, it represents a positive skin or IgE test only, in a patient who can eat the related food without difficulty. This
is defined as cross-sensitization. It is extremely important that the clinicians recognize these patterns of cross-sensitization and CR,
both to counsel patients on foods that should be avoided and to make sure that foods are not unnecessarily restricted from the diet. In
fact, it is very common for patients to be instructed to avoid entire shellfish groups based just on positive tests, which leads to
unnecessary dietary restrictions with effects on seafood choices, nutrition, and quality of life.
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1. Introduction and will not be highlighted in this article. Rather, this

) . o o review will focus on the clinical data regarding
The diagnosis of clinical hypersensitivity to a . )
. . . cross-reacting food allergens with the goal of
particular food allergen is attained through careful L )
) . o o ] providing a framework to approach these difficult
history, physical examination, a priori reasoning . )
) o ] . . clinical questions.
concerning clinical and epidemiologic features of food . .
o ] . ) CR between species of the shellfish group is frequent,
allergy, and judicious selection and interpretation of . .
. ) ] ) but CR between shellfish and other invertebrates is
tests, including skin tests, RASTSs (radioallergosorbent : . )
T . common too [5, 6]. Shrimp-allergic patients have also
test), elimination diets, and OFCs (oral food . . .
) ) L reported reactions to mites, and clinically relevant CR
challenges) [1, 2]. Allergists are painfully familiar .
] ] . . between crustaceans and HDMs (house dust mites)
with the pitfalls of these evaluations, some of which ) ) .
L . allergens has been extensively studied [7]. It is well
are related to the limitations of tests for food-specific o i
. ) o known that HDMs are implicated in detectable IgE to
IgE antibody. Compounding the clinical challenge of . L .
) L ) . shrimp, even in individuals not exposed to shrimp [8].
identifying particular causal food allergens is the . .
. . Tropomyosin was the first shrimp allergen to be
phenomenon of CR (cross-reactivity) among various . . ) )
. . detected and identified as major allergen responsible
plant and animal proteins. Exposure to homologous ) . ) ) )
for ingestion-related allergic reactions [9, 10], and its

CR has been well-defined in invertebrates [11, 12]. In
recent years, several other shrimp allergens have been
described, including AK (arginine kinase) [13], SCBP
(sarcoplasmic calcium-binding protein) [14-16], and

proteins can trigger reactions or may be clinically
silent while provoking positive test responses for food
specific IgE antibody. Is the patient with peanut, fish,
or apple allergy likely to react to related foods? The

molecular basis of CR was recently reviewed [3, 4] o ] o
myosin light chain [17, 18], although little is known of

Corresponding author: Hasan Ali Jasim, Ph.D. Dr, the clinical relevance of these allergens and their role

biochemistry. in CR.
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Concerns about possible CR among foods are a
common clinical issue in patients with food allergy. In
fact, for some food families, such as tree nuts, fish,
and shellfish, true CR is very common, while for other
related foods, such as legumes and grains, CR is less
common even though cross-sensitization is frequently
identified [19, 20]. While there is some confusion in
the literature, for this review, we will refer to
cross-sensitization as a positive test, by either skin or
IgE testing, to a related food to which the patient is
clinically tolerant, while CR will be used to define
true clinical reactivity. This distinction is extremely
important, both to be aware of foods that may pose a
high risk of reaction and to avoid unnecessary food
restrictions. For example, while the patient with
cashew allergy is extremely likely to be allergic to
pistachio, most patients with peanut allergy will test
positive to other legumes but be able to eat them with
no difficulty. Here we will review specific food groups
with the intent of providing a clinical perspective
regarding CR related to a variety of common food
allergens, hopefully enabling the clinician to clearly
distinguish CR from cross-sensitization, with the
ultimate goal of keeping patients safe without any
unnecessary dietary restrictions [21, 22]. We will
focus on food-to-food CR and not discuss pollen
associated food allergies in any detail, aside from
some discussion regarding the important relationship
of peanut to birch pollen. A summary of each of the
major seafood groups will be discussed in this review.

2. General Concepts

In human nutrition and health aspects, the human
significantly requires seafood. Seafood is denoted to
all edible aquatic animals, which specifically refer to
numerous types of edible aquatic animals of different
species. Seafood is divided into two common
categories known as flipper fish and shellfish. Flipper
fish comprises of two main subgroups which are bony
(> 95%) and cartilaginous while shellfish comprises of

two main subgroups which are crustaceans and

mollusks. Due to its palatability and promoted
nutritional advantages, seafood has been popularly
consumed globally. It was reported that the highest
consumption rate of seafood happened to be in Asia,
or specifically in China, subsequently Japan and the
US. According to Refs. [23, 24], data in 2009
discovered  that the  Americans consumed
approximately around 15.8 1b (pound) of finfish and
shellfish each person. Specifically, the top choice of
seafood is the shrimp, which weighs with an average
of 4.1 1b.

Globally, the increase in the international trading of
seafood products has led to wider varieties and choices
across many countries. Indirectly, it also increases the
popularity and frequency of seafood consumption
among the consumers. In reference to the data from
FAO (Food and Agriculture Organization) (2010),
Europe happened to be the largest seafood consumers,
specifically in Iceland with an average per capita of
crustaceans and seafood absorption roughly around 91
kg. This then followed by Spain with 43 kg, the United
Kingdom (UK) with 19 kg, and Germany with 13 kg.
In contrast, the US consumed about 8 kg and Australia
11 kg.

2.1 Cross-Reactions among Various Shellfish

Shellfish comprises of different species which are
commonly known as crustaceans and mollusks. These
types of shellfish have different types of allergens and
they often belong to eight parts of food groups, which
causes allergy that does not fade out during childhood
period, and they are common food allergens among
adults. Additionally, several pan-allergens have been
discovered and they were grouped in detail. It was
mentioned that these pan allergens are accountable
towards the CR with other inverted-borate allergen
sources. These allergens include the mites, insects and
the parasites. Presently, it was reported that there are
at least seven types of shellfish allergens and mostly
originated from the crustaceans. However, only three
allergens are available for the IgE-based routine
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These

sarcoplasmic Ca®" binding protein, and tropomyosin.

diagnostic. three allergens are AK,
In the meantime, other allergens such as actin, myosin,
and light chain are studied to summarize the existing
advances on the molecular characters in shellfish
allergens, their CR, and available diagnostic approach
to manage these allergens [25, 26].

The shellfish class of seafood is comprised of
crustaceans and mollusks, and the major allergen
responsible for allergic reactions is the muscle protein,
tropomyosin [27, 28]. In a US telephone survey, the
prevalence of reported shellfish allergy was 2%
overall and the rate of reactions to multiple crustacean
species was 38%, 49% for mollusks, and 14% with
crustacean allergy reported also having a mollusk
allergy [29, 30]. Cross-sensitization among shellfish
species is extremely common, ranging from 70% to
100% for crustaceans and from 17% to 100% between
crustaceans and mollusks [31, 32]. Unfortunately,
however, the incidence of true CR is not clear due to a
lack of comprehensive studies. Based upon the available
data and clinical experience, we estimate that almost
all patients with an allergy to one crustacean will be
sensitized to other crustaceans, and at least half will
react clinically upon ingestion. Similarly, among mollusk
allergic patients, approximately 50% report reactions
to more than one type of mollusk. Importantly,
however, avoidance of all shellfish may not be
necessary because the majority of patients—possibly
as high as 80%-90%—with a crustacean allergy are
not allergic to mollusks, and vice versa [33, 34].

2.2 Crustaceans

In a marine ecosystem, there is a type of shellfish
known as crustaceans. They can be found on land and
fresh water habitats. About 50,000 to 67,000 of
crustaceans can be discovered around the world.
However, scientists claimed that the total number of
crustaceans can be up to 10 to 100 times greater than
the estimated number. According to Refs. [35, 36],
crustaceans have significant impact on the human’s

nutrition as well as the world’s economy. It was claimed
that the greatest importance of the crustaceans was
from the decapods species such as shrimps, prawns,
lobster and King crab (Paralithodes). Additionally,
FAO (2000) mentioned that species like crabs (blue
crab, stone crab) and edible crabs Europe have rich
source of food [37, 38].

Crustaceans, particularly crabs, are highly
allergenic foods that are responsible for food-induced
reactions in both children and adults [39, 40]. Despite
its high prevalence, knowledge of the allergen profile
of crustaceans is still limited might have
IgE-reactivity to other identified shrimp allergens,
such as myosin light chain, AK and SCBP; or to the
other different shrimp IgE-binding protein bands that
remain unidentified. First, we identified several
proteins as potential allergens from the frequently
consumed shrimp S. melanto. 1dentified proteins were
tropomyosin, AK, SCBP, -actin, FBPA, -actinin, and
ubiquitin, most of which are abundant in shrimp
muscle and are involved in muscle contraction or
energy metabolism. Among the new identified shrimp
proteins, -actinin is a new shrimp allergic protein
involved in muscle contraction too. Until today, -actin
had not been identified as an allergen; only Rahman et
al. [41] had identified an -actin in crab Chionoecetes
opiolo, but they did not demonstrate it as a crab

allergen.
2.3 Crustaceans Allergens

Allergies happened due to the presence of crustacean.
They are present to extensive IgE-mediated shellfish
allergies, which can lead to severe reactions [43, 44].
Due to its availability throughout the world, the allergy
source from the crustacean shellfish allergy is rapidly
spreading to various areas. Besides, the allergies from
the Mollusca shellfish are also another contributor of
seafood allergies. However, they are not frequently
been reported and they do not appear as often as the
crustaceans [45, 46]. According to Refs. [47, 48], an
IgE-mediated or known to be type I allergy is a type of
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allergy that originated from the crustacean allergy.
Additionally, other crustacean shellfish such as shrimp
and prawn were claimed to be as a good source of
nutritional seafood. Unfortunately, they are also the
major contributor to the allergy throughout the world.

In Southeast Asia, crabs have been highly demanded
due to the claim that they have large chelae and higher
meat content. Thus, among crustaceans, crabs are the
frequent causes of shellfish allergy in several countries.
The FAO of the United Nations as well as the WHO
(World Health Organization) highlighted that crab and
shrimp are the common sources of food allergens as
their allergic reactions can be induced by ingestion
(FAO/WHO, 2001).

2.4 Mollusk Allergens

Studies of mollusk allergens are focused mainly on
the three edible

Gastropoda (e.g., limpet and abalone), Bivalvia (e.g.,

classes of mollusks, namely
scallop, clam, mussel, and oyster), and Cephalopoda
(e.g., cuttlefish, squid, and octopus). Similar to
crustaceans, tropomyosin was identified as allergens in
a wide range of mollusk species, such as the Japanese
flying squid Todarodes pacificus [48], the abalone
Haliotis midae [49], the turban shell Turbo cornutus
[50], the Pacific cupped oyster Crassostreagigas [51]
and the brown garden snail Helix aspersa [52]. Chu et
al. [53] demonstrated that IgE from patients with
shellfish allergic patients recognized recombinant
tropomyosins from mussel, scallop, and abalone, and
thereby confirmed that tropomyosin is also a major
mollusk allergen and further demonstrated by
inhibition studies that the mollusk and crustacean
tropomyosins are cross-reactive. Moreover, Emoto et
al. [54] further reported the major allergen of four
species of gastropods and seven species of bivalves as

tropomyosin.
3. Clinical Implications
3.1 Prevalence and Epidemiology

In different countries, the prevalence of food allergy

(FA) varies as they are affected by many factors such
as age, ethnicity, the frequency of dietary exposure,
and the cooking method. In addition, other factors that
may affect the outcome of the epidemiologic studies
may be due to the methodology, type of FA, and the
size of the study population [55].

Taylor [46] mentioned that of about 4.0% of the
people around the world are affected by food allergies,
which often sourced from shellfish allergies. Generally,
seafood, or specifically the shellfish, is part of the
leading factors to food allergy in adults. This is
commonly due to the food-induced anaphylaxis.
However, in comparison between children and adult, it
was found that the allergy from the shellfish is lower in
children than adult with 0.5% and 2.5% respectively. A
study reported on the occurrence of allergies due to
shellfish and estimated that the incident happens to
occur between 0.5% and 2.5% throughout the world as
they depend on the various factors such as the age of
the consumer, the amount of consumption, and their
geographic locations [56].

An international survey was conducted in 17,280
adults aged between 20 until 44. The questionnaires
were distributed to 15 countries. The outcomes of the
survey revealed that the symptoms related to seafood
allergy mostly came from the shrimp with 2.3%, oyster
with 2.3%, and fish with 2.2% [57, 58]. In the United
States, a telephone survey was conducted on 14,948
individuals. From the survey, it was discovered that
about 2% to 3% are diagnosed to encounter seafood
allergy which specifically reported that 2.2% of the
allergy is caused by the shellfish and 0.6% caused by
fish [59, 60]. Meanwhile, in Spain, a study by Crespo et
al. [60] was conducted on 355 children. Through the
SPT (skin prick test), it was reported that 6.8% of the
children displayed reactions towards the proteins of
crustaceans. The outcome also revealed that the most
frequent allergies are caused by Crustacean allergies
with 82.6% whereas mollusk allergies only 7.2%.
Specifically, among all these allergies, the common
types of allergies are caused by shellfish, mainly
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shrimp with 72.5%, crab with 34.8%, and lobster with

17.4% [61, 62]. In a different study done by Andre et al.

[1060, in France, the result revealed that 34% out of the
580 patients showed contradicting reactions to food,
specifically with IgE only to crabs. According to
Chiang et al. [107], it was found that the shellfish
allergy is frequently happening in the Asian countries
in contrast to the western countries. The claim reflected
that the geographic consumption of shellfish might
contribute to the occurrence rate. Meanwhile a study by
Shek et al. [108], in Singapore was conducted on the
children. The shellfish allergy was commonly seen
among the native children ranging between the age of 4
to 6 years, with 1.19% and 14 to 16 years with 5.23%
compared to expatriate children of similar age range
with 0.55% and 0.96% respectively. Generally, the
consumption rate of a particular species can be reflected
based on the specific shellfish allergy [63, 64].

Although there have been many studies on seafood
allergy, yet only a few studies managed to analyze the
actual history of shellfish allergy [61]. Daul, et al.,
[110], conducted a study on 11 participants with
positive shrimp hypersensitivity. The outcome
revealed that the participants with specific shrimp IgE
level remain constant throughout the 24 months of the
study period. In contrast, a research by Ayuso et
al.[111], revealed that specific IgE antibody levels
tend to be higher in children with shrimp allergy. This
had proven that children tend to have more of shrimp
peptides and greater diversity of epitope than adults. It
can be concluded that the level of sensitivity to shrimp
decreases as the age increases.

The prevalence of shellfish allergy is often higher
than that of fish allergy in the general population.
Prawn and crab are the major causes of anaphylaxis in
both children and adults. Combined crustacean and
mollusc allergy reportedly affects as many as 5.5%
(95% CI, 4.3-7.1) of French children (5-17 years old)
and 9.0% (95% CI, 6.7-11.9) of American adults
(Moonesinghe et al. [4]. The prevalence of crustacean
allergy alone is considerably higher, with the highest

reported prevalence of 10.3% (95% CI, 7.0-14.9)
determined among Italian adults who were confirmed
positive by SPT [65].

There are various reasons for the cause of
hypersensitivity reaction to shellfish such as ingestion,
contact, or inhalational exposures. These kinds of
reactions have been described to have direct allergies to
the consumers. In a double blind, placebo-controlled
oral fish challenge study it was conducted to rectify
that the emesis is commonly found in patients with
positive reaction. In addition, Oropharyngeal
symptoms or generalized pruritus leads the emesis in
all patients [66, 67].

In occupational settings, the most common
allergens are sourced from the fish and shellfish.
These sources of allergens were claimed to be
important allergens reactions that frequently happen
via direct contact or inhalational exposures. According
to Goetz and Whisman [109], it was found that the
workers with hypersensitivity reaction were unable to
handle the raw food, but once they are cooked, they
are able to accept the food, which can lead to a
heat-labile allergen.

From the SPT, the outcome revealed that the
positive reactions were commonly from crab with
40% and shrimp with 20%. In one study, four workers
were found to have positive reaction towards specific
IgE to snow crab with 21%. Two of the workers have
the same IgE levels with the similar symptoms to
those with asthma. Work-related symptoms such as
skin rashes, rhinitis, and conjunctivitis were reported
to be commonly occurred. Based on this outcome, the
combination of work-related symptoms and the results
from the specific SPT highlighted that between 11%
until 22% of the workers encountered occupational
asthma. Meanwhile, 22% may have the possibility to
get occupational dermatitis or rhinitis. According to Bu
et al. [112], when they are occupationally exposed to
these allergens, the Greenlander Inuit does not appear
to be protective against the sensitivity of the snow crab

or shrimp.
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Zeng et al. [68] listed the variation of sources that
may lead to various food reactions. Shrimp (4.4%),
crab (3.2%), mango (2.3%), cow’s milk and dairy
products (1.9%), and eggs (1.4%) are among the
factors that may cause adverse food reactions to its
consumers. This was explained based on the logistic
regression analysis, which mentioned that the history
of FA and the history of allergic rhinitis are the main
aspects that caused FA in children [68].

As mentioned previously, shellfish or crustaceans,
which commonly comprise of shrimp, crab, and
lobster, lead to the OAS reactions. From these sources,
mild childhood asthma, allergic rhinitis, and eczema
are among the atopic conditions that commonly occur
in many individuals. This pattern of reaction was
claimed to be similar to the shellfish or crustacean
anaphylaxis. From 1 August 2015 to 31 May 2016, of
about 120 pre-enlistees that reported food allergy
symptoms were sent to the allergy clinic. Out of this
number, 77 (64.2%) of the pre-enlistees were positive
of food allergy with the mean age of 19 to 22 years
old. Of this 77 people, they are mostly Chinese with
66.2% and Malays with 20.8%. In addition, the most
shellfish  or

crustaceans with 78%, peanut with 15.6%, and egg

commonly reported foods were
with 6.5%. This then was trailed by anaphylaxis with
n = 23 (29.9%). One of the common methods to
diagnose that positive result is the SPTs. It was found
that the shrimp has OAS 87.1%, crab with OAS

95.8%, and lobster with OAS 91.7% [69].
3.2 Pathogenesis and Clinical Symptoms

Pathogenesis is a complex interaction based on the
environmental and genetic factors. In order for it to
have immune response to the dietary allergens, it
requires various roles from the antigen-presenting
cells, dietary factors, effector cell function, homing
T cells,
signaling pathways, and many other aspects [70].

receptors, humeral immune responces,
The immune system protects our body against

pathogens and other foreign substances by producing a

kind of glycoprotein known as immunoglobulin (Ig) or
antibodies from plasma cells or B-cells (a type of
lymphocyte). Antibodies are mainly of five types,
each one having a different function; the type involved
(IgE).
Immunoglobulin E (IgE) is overproduced during an

with  allergy is immunoglobulin E
allergic response. On the very first exposure to an
allergen, an allergic person becomes sensitized by
producing allergen specific IgE that binds with IgE
receptors on mast cells (in tissues) and basophils (in
circulation). If the sensitized person has another
exposure to this specific allergen, then this allergen
will bind to the antigenic determinant site (Fab) of
IgE attached to the mast cells and basophils. Binding of
two or more IgE molecules to mast cells (crosslinking)
is required to activate the mast cells. These activated
cells result in the release of certain chemicals, such
as histamine, serotonin, proteoglycans, serine protease,
leukotriene C4 and heparin, that will further bind
with their receptors present in other cells (e.g.,
histamine receptors of blood vessels) and lead to
inflammation, irritation, redness and other allergic
symptoms. The primary function of our immune
system is to defend against infection; however, during
an allergic reaction the immune system responds
against a substance that is harmless to most people.
There are two subpopulations of T helper cells, Thl
and Th2. Thl cells are helpful in protecting against
invading microbes and other particles by producing
Th2 cells are
by the
overproduction of IgE, and are involved in the struggle

interferon’s and some cytokines.

responsible  for triggering allergies
against parasitic worms. Th2 cells produce cytokines
like interleukins (such as IL-5) that enhance the
production of specific IgE antibodies by B cells and
result in hypersensitivity, eosinophil activation, mucus
production and IgE secretion [71, 72]. The body’s
immune system involves the white blood cells, which
produce antibodies. When the body is exposed to an
antigen, a complex set of reactions begins. The white

blood cells produce an antibody specific to that antigen.
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This is called “sensitization”. The job of the antibodies
is to detect and help destroy substances that cause
disease and sickness. In allergic reactions, the antibody
is called immunoglobulin E or IgE. This antibody
promotes production and releases chemicals and
hormones called “mediators”. Mediators have effects
on local tissue and organs in addition to activating
more white blood cell defenders. These effects cause
the symptoms of the reaction. Histamine is one of the
better-known mediators produced by the body. If the
release of the mediators is sudden or extensive, the
allergic reaction may also be sudden and severe, and
anaphylaxis may occur. Allergic reactions are unique
for each person. Reaction time to allergens can vary
widely. Some people will have an allergic reaction
immediately, for others it will take time to develop.
Most people are aware of their particular allergy
triggers and reactions [73, 74].

The mechanism of IgE-mediated allergic reaction is
illustrated in Table. 1. The first exposure to a food
allergen including crab will initiate the presence of the
allergen by antigen-presenting cells. A T helper 2
(Ty2) lymphocyte then will response and interact with
B cells, which stimulates the B cells to begin
production of IgE antibodies against the allergen. The
IgE will circulate in the blood and bind to Fce receptor
I (FceRlI), IgE-specific receptors on the outer part of
the mast cells [41]. Subsequent disclosure to the same
allergen will cause the connection of allergen to the
IgE molecules on the exterior part of the mast cells,

Table 1 Symptoms of allergic reactions.

which eventually causes lysis of the membrane of
Additionally,
platelet-activating  factor,

mast cells. histamine, leukotriene,
and prostaglandins are
mediators that will be released from the granules and
trigger the allergy reactions [75, 76].

According to Kurowski and Boxer [113], the
symptoms of food allergy were listed in detail. Some
of the symptoms to food allergy are abdominal pain,
bloating, vomiting, diarrhea, and itchy skin. Besides
that, flushing, generalized urticaria, pruritus, cramping,
and swelling of the skin during hives are also among
the common symptoms found in hypersensitivity
individuals. Surprisingly, these food allergies do not
often cause or trigger the respiratory (asthmatic)
reactions or rhinitis. Additionally, shellfish allergy that
often sources from crab allergy, displays that the
symptoms
life-threatening

may range from mild urticaria to

anaphylaxis.  Moreover, these
symptoms may also cause the symptoms of oral itching
or burning sensation (oral allergy syndrome) as soon as
they consumed the shellfish [77].

Allergy to shellfish including crab can manifest in
the form of mild wurticaria to life-threatening
anaphylaxis. Most of these reactions are IgE-mediated
and may be present in the form of respiratory,
gastrointestinal, or cutaneous manifestations with rapid
onset. In some cases, the symptoms may only be
manifested within minutes of consuming the shellfish
[78]. The clinical symptoms of shellfish allergy are

presented in Table 1.

Class Name System Symptoms Allergens
Tropomyosin,
. . AK, troponin, actin
Prawns, lobster, . . Nausea, Vomiting, Diarrhea, .
Crustaceans Gastrointestinal . ; Hemocyanin,
rock lobster, crab, Abdominal cramping L .
myosin light chain,
SCBP
- Pruritis, Dermatitis, tropomyosin
Gastropods ~ Abalone, snail, limpets Cutaneous Urticaria, Angioedema
. Clam, oyster, mussels, . Conjunctivitis, Rhinitis, tropomyosin
Miluses  Bivalves cockles Respiratory Asthma, Laryngeal edema
Cephalopods Squid, cuttlefish, Systemic Anaphylactic shock, tropomyosin

octopus

Hypotension
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In general, the immunological mechanism in
bivalve allergy is a type-I allergy, which is mediated
by IgE antibodies. The IgE mediated response is
divided into two phases, first allergic sensitization
where no symptoms occur and later elicitation with
clinical manifestations.

Recently, a 6-year-old boy was reported to have food
protein-induced syndrome to shellfish after consuming
the clam [79, 80]. This indicated that the
food-dependent exercise-induced anaphylaxis has been
described to be related to shellfish [81]. Generally, an
individual will have anaphylaxis due to a synergistic
effect of non-steroidal anti-inflammatory drugs with
shellfish [82, 83].

3.3 Diagnosis of Allergy

Identifying the allergy involves investigating the
medical past of the patients followed by diagnostic
tests to identify the sensitivity allergen-specific
immunoglobulin E (IgE), either through in vivo or in
vitro assessments [84]. Numerous tests were conducted
to search for the diagnostic methods of identifying a
true seafood allergy. SPTs and blood IgE assays were
conducted to study the possible unavailability of the
exact species. It was mentioned that a clinical history
of the patient should be presented as a support to the
Additionally, by

implementing the in vivo and in vitro test to evaluate

positive or negative result.
the shellfish, an accurate evaluation can be done to
attain a less restricted dietary curtailment result.
Below are some of the common methods and

approaches that had been adopted [85].
3.4 Medical History

In the diagnostic process, a medical history of the
patient must be presented in order to relate to the
patient’s recollection of the events that adjoins the
establishment of the symptoms. However, Wild and
Lehrer [29] mentioned that it is often that the patients
will only be able to relate the symptom to the
offending food.

Atopic dermatitis, asthma, and allergic eosinophilic
gastroenteritis are among the chronic disorders
reactions that are commonly triggered by the food
allergies. These reactions were claimed to have poor
identification of food allergic in patients due to low
predictive value. However, single foods like peanuts
have higher predictive value with acute reactions [86].
It was clearly mentioned that the common methods
used to diagnose food allergy are reference to patient’s
clinical history, physical evaluation, trial elimination
diets, SPTs, and
immunoglobulin E (IgE) test. However, due to scarce

allergen-specific ~ serum
of diagnostic accuracy, the clinician-supervised OFCs
is still the top method that has often been used to
confirm the diagnosis [87].

In general, new and improved methods are required
to determine the presence of the allergens and the
possible resolutions to overcome the allergy. Thus,
various studies had reported on the development and
improvements that are available as diagnostic tools and
new testing methods [87]. As mentioned previously,
the diagnostic methods of establishing true seafood
allergy require various in vivo and in vitro tests to
demonstrate the presence of specific IgE antibodies.
However, the positive and negative test results such as
SPTs and blood IgE assays should be supported by a
clinical history from the patient and/or oral challenge
[88].

3.5 In Vivo Test

For patients with a past of IgE mediated to fish or
shellfish sensitivity, SPT is said to be the best method
in the in vivo test. It is crucial to prioritize the safety
precautions when analyzing the skin test result if the
history was poor. According to Fernandes et al. (2017),
the cross-reacting allergens may have the potential to
react to positive skin tests with unclear clinical
relevance. A study demonstrated a diameter of the
swelling after the SPT of about 30 mm. This revealed
that the about 80% to 95% of the positive food
challenge patients were allergic to black tiger prawn
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and the giant fresh water prawn [89]. However, Carnés
et al. [89] mentioned that when using the cooked
shrimp and the lobsters for the SPT, it was found that a
total of 42 SPTs were successfully related to the
positive food challenge.

3.6 In Vitro Test

The aim of the most of in vitro tests is to identify the
type I hypersensitivity reactions of foods or aeroallergens
in patients that have relative contraindications to SPT
such as dermatographism, pregnancy or patients with
high risk of anaphylaxis with antigen-specific
antibodies such as IgE [90]. It was mentioned that the
measurement of antigen-specific antibodies s
advantageous information to assist in assessing the
allergies, which particularly refers to foods. A study
was done on young children. The outcome revealed
that 62.5% of the children had specific IgG antibodies
and while 22.9% had specific IgE antibodies.
Meanwhile, the children without symptoms of food
allergy had neither of the antibodies [91]. The most
common in vitro tests are specific IgE test which
RAST, ELISA
immunosorbent assay) and Immuno CAP.

RAST was introduced by Wide, Bennich &

Johansson [92] in 1967 as an in vitro method to detect

includes an (enzyme-linked

the specific antibodies of the IgE class in allergic
disease. A close connection has been established
between the results from the RAST and the clinical
provocation tests [93]. In addition, the assessment of
specific reaginic antibodies using in vitro methods
including histamine was released from excised tissue
slices and the outcome was closely parallel to the
results from the RAST. In general, despite of its high
cost procedure, this method has been reflected as a less
sensitive technique for detecting food allergy
compared to the skin-prick test. Additionally, the
diagnostic IgE levels for fish allergy were identified at
20 KUA/L. At this level, it was claimed to be predictive
to clinical reactivity with the certainty of more than

95% [92].

Another test to diagnose food allergy is called as a
BAT

cytometry-based assay whereby the activation markers

(basophile activation test). It involves
were measured on the outer part of the basophils which
were then followed by the stimulation of the allergen
[94]. Varieties of cell-surface markers lead to the
identification of the basophils [94]. Recently, Santos
and Lack [95] reported the efficiency of BAT to
identify the peanut allergy in peanut sensitized and
non-sensitized children. From this test, the outcome
revealed a highly accurate result whereby 97% were
diagnosed to have peanut allergy and a reduction up to
66% can be done in the number of OFC. Meanwhile,
other studies investigated the effectiveness of BAT in
diagnosing the allergies of different foods such as
cow’s milk, egg, shellfish, and peach. Overall, BAT
was concluded to be effective in diagnosing food
allergy [95].

3.7 OFC

When diagnosing an individual’s reaction to food
allergy, it requires high attention to the information
related to the individual’s medical history, the
epidemiology to various food allergies and the
outcomes of the test results. However, if these
elements are not clearly confirmed or contradicting to
the results, the allergy specialist or the clinicians may
perform the clinician-supervised OFC [96]. According
to Nowak-Wegrzyn et al. [114], OFC was introduced
to control the suspected food in progressively
increasing doses under a medical condition. In another
word, it is a procedure that involves a single-blind
food challenge whereby the patient is unaware of the
presence of food allergen, but the observer knows.
Meanwhile, another challenge known as a DBPCFC
(double-blind placebo-controlled food
refers to the procedure whereby both parties are

challenge)

unaware of the allergens [97].
OFC results that turned out to be positive have
often been associated to inherent risks. This includes

the acute allergic reactions that can be related to



Clinical Implications of Cross-Reactive Shellfish Allergens 25

life-threatening anaphylaxis, exacerbation of atopic
dermatitis, and emotional distress. These symptoms
were claimed to be frequently occurring in older
children, teenagers, and adults who are anxious and
concerned about the food allergy. However, there
have been no systemic studies on the prevention or
delaying of food allergy yet. Based on the author’s
experience, patients with 1 or several positive OFCs
because of the food will eventually lead to a negative
OFC. The statement that positive OFC does not
prevent or stop the food allergy instead has supported
this; OFC was considered beneficial as it provides a
comprehensive diagnosis to the food allergy. This
indicates that the patients will need to attend
continuous counseling related to food avoidance,
avoidance to inadvertent exposure that can lead to risk,
and confirmation of the patient’s and families’ effort
to prevent the suspected food [98].

3.8 CRD (Component-Resolved Diagnosis)

Currently, progress in laboratory diagnostics is the
use of CRD which implies determination of specific
IgE against purified native and recombinant allergenic
molecules was developed as a new approach for
diagnosing allergy. The advantage of CRD over the
current methods for determining the concentration of
specific IgE is that CRD can distinguish the true
allergen molecules from the cross-reactive allergen
molecules. CRD enables the detection of the risk of
severe symptoms and predicts the development of
allergies for each individual patient. Thus, CRD
provides a possibility for a personalized approach to
the patient with allergy [99].

3.9 Treatment and Management

Based on the proven clinical reaction, it can be
noted that the management of food allergy is crucial
and must be conducted. However, due to CR, it was
advisable to avoid consuming the crustacean. This is
because, the CR among crustacean is incomplete, and
hence the possibility for the allergy to be among the

crustacean members is high. Therefore, patients need
to be aware of the possible accidental exposure that
may come from the food of crustacean members,
especially in restaurants which the cooking appliances
or utensils may have been used for different kinds of
food. In contrast, it is not necessary for the patients to
avoid the mollusks unless they are in tandem with the
allergy [100].

Additionally, patients with a history of past
reactions are advised to wear a medic alert
identification and know how to use the epinephrine
autoinjector. This is to prepare the patients for any
future reactions that can be more severe than the past
[101]. In a study done by Carnés et al. [89], a girl was
desensitized with a standard rush of immunotherapy
protocol with a codfish. As an outcome, the girl was
succumbed to the uncooked codfish without any
responses. Multiple injections were given in a single
day or over few days to attain the maintenance
dose rapidly. However, adverse reactions started to
display and tend to be higher than with traditional
allergens. It was concluded that the rush
immunotherapy leads to greater risk for the children
and the benefits as well as the risks should be
investigated deeply [101].

There are numbers of medicinal reliefs to overcome
food-induced disorders such as anti-histamines. It
reacts partially to the oral allergy syndrome and IgE
mediated symptoms. Besides that, anti-inflammatory
therapies were claimed to be useful in overcoming
allergic eosinophilic esophagitis or gastroenteritis
[102]. In order to reduce the risk of food allergy,
several potential therapies had been established
whereby only the sensitized patients can tolerate the
These

manipulation of the food-allergic subject or food

process. therapies involved immunologic
alteration via genetic engineering of the production of
hypoallergenic food [103].

There is no specific treatment for shellfish allergies.
Intravenous fluids are often given to patients who have

been vomiting. Standard allergic reaction therapy
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includes antihistamines (H1 and H2) and steroids [104].

In cases of anaphylaxis, intramuscular (IM) or
intravascular (IV) epinephrine should be given
immediately. Antihistamines, steroids and IV fluids
should follow this. In rare cases, refractory to standard
treatment intubation may be required to protect the
airway [105]. The duration of symptoms and response
to treatment is highly variable, and there is no one
agreed upon period of observation. In general, benign
presentations that respond to standard treatment and
improve while in the emergency department can be
safely discharged home with oral antihistamines and
steroids with clear instructions to return for worsening
symptoms. True cases of anaphylaxis should be
admitted for further monitoring and close observation
[55]. Following treatment, patients were reminded and
instructed to prevent encountering or consuming any
agent or food. For example, patients who have an
allergic reaction triggered by crab should avoid other
crustaceans. Despite avoidance, consideration of a
prescription for an epinephrine auto-injector may be
wise due to the potential for anaphylactic reactions and
CR [105].

4. Summary

The prevalence and magnitude of clinical allergy
caused by cross-reacting proteins and pan allergens
appears to be increasing and reflects an increase in
atopy and allergen sensitization. The limitations that
have plagued the evaluation of classical seafood
allergens (egg, milk, wheat, soy, peanut, and seafood),
such as the high false-positive rate of SPTs and
RASTSs, failure of oral challenges to confirm most
clinical suspicions of reactivity, and inconsistent
reaction rates to related foods, are magnified when
dealing with cross-reactive proteins. Future studies are
needed to address the clinical relevance, diagnosis,
management, natural history, and treatment of these
allergies. Such information can only be obtained from
studies that use blinded oral

careful clinical

challenges.
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