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Abstract: In food allergy management, the avoidance of the allergen that caused the reaction plays
a fundamental role. Nevertheless, that can be thwarted in case of accidental exposure to a rare
or hidden allergen, causing the adoption of a monotonous diet and a consequent reduction in
the quality of life of the patient and their family. The identification of a rare and hidden allergen
is an important diagnostic challenge, taking into account that a significant proportion of all food
reactions is in reality due to them. The aim of the present review is to provide the pediatric allergist
an overview of the possible sources of rare and hidden food allergens, taking into consideration the
routes of exposure to these potential allergens with the main examples published in the scientific
literature and the distinction between types of direct or cross-contamination. The identification of the
allergen responsible for the reaction and the provision of a dietary advice customized for the specific
individual’s dietary habits is essential to improve quality of life of the familiar nucleus and to reduce
the risk of further allergic reactions.

Keywords: hidden; rare; food allergens; pediatric age; children

1. Introduction

In food allergy management, the avoidance of the allergen that caused the reaction
plays a fundamental role [1]. However, even if avoidance is scrupulously carried out,
accidental exposure to the allergen is still possible, which can result in serious signs and
symptoms, such as anaphylaxis [2]. Accidental exposure and the consequent anxiety often
result in a decreased quality of life for the patient and their family. Concern about accidental
exposure can lead to the adoption of monotonous diets that are potentially deficient from
a nutritional point of view, or of changes in behavior, such as social isolation [3].

A patient can be exposed to a rare or hidden food allergen. As a result, many cases of
so-called idiopathic anaphylaxis are potentially due to unidentified allergens as reported in
a retrospective study by Añíbarro et al., that showed that 22.4% of food allergic reactions in
individuals over 14 years of age were due to hidden allergens [4].

The purpose of this review is to provide the pediatric allergist with an overview
of the challenge of the management represented by the avoidance of rare and hidden
food allergens, taking into consideration the possible routes of exposure to these potential
allergens, with the main examples published in the scientific literature and the distinction
between types of direct or cross-contamination. All these elements can be particularly
useful to guide the doctor’s choice, based on the risk profile of the individual patient,
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to enable the balanced management of the allergic child, including food allergy-related
labeling and precautionary labeling themes (Figure 1).

1 

 

 

Figure 1. Key messages.

Exposure to allergens may occur for example by contact, by ingestion because it is in-
side a specific food source or drug, by inhalation, e.g., in outdoor and indoor environments
(domestic or non-domestic), or by infusion (i.e., drugs or vaccines) (Table 1). Knowing
the triggering sources of potential allergens exposure could help in the prevention and/or
prompt recognition of accidental allergen exposure, so that appropriate management can
be instigated, thus avoiding progression of severe clinical manifestations.

2. Ingestion

The ingestion of hidden food allergens can occur mainly during the intake of products
on the market, for example as a consequence of incomplete and/or incorrect labeling [5] or
due to the changes in allergic potential during the food processing [6].

The hidden foods can be identified with the use of molecular biology laboratory tech-
niques such as the Enzyme-Linked Immunosorbent Assay (ELISA), which targets a specific
protein [7], and the Polymerase Chain Reaction (PCR), which targets a specific nucleic
acid [8]. A recent very reliable technique is represented, then, by mass spectrometry [9].

2.1. Food Additives

Food additives are defined by the Joint Food and Agriculture Organization (FAO)/World
Health Organization (WHO) Expert Committee on Food Additives (JECFA) as “substances
added to food to maintain or improve its safety, freshness, taste, texture, or appearance” [10].
In contrast to the general opinion, the prevalence of reactions to food additives is less than
1% in adults, but it is thought to be up to 2% in children [11].
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2.2. Colorants

Carmine (cochineal, E120) is a naturally derived red dye derived from dried female
insects of the species Dactylopius coccus Costa, and it has been linked with anaphylactic
reactions with an IgE-mediated mechanism [12]. Additionally, in two studies carmine was
associated with flares of atopic eczema in children. Machler and Jacob [13] described the
case of a four-year-old girl with recurrent episodes of generalized dermatitis. The patch-
test result was positive to carmine and other substances, but the post patch evaluation
revealed relevant sources of carmine in many foods retrospectively connected to the onset
of flares. Dietary avoidance of carmine resulted in a remarkable clinical improvement at
18 months follow-up, with a single episode of flare of dermatitis that developed within
5 hours of drinking a fruit punch containing carmine red. Catli et al. [14] compared patch-
test positivity between a group of children with atopic eczema and a group of healthy
children. A positive patch-test to carmine was significantly higher in the atopic eczema
group as was the consumption of food containing this additive.

Likewise, hypersensitivity to annatto (another naturally derived colorant) was de-
scribed in two case reports. The first [15] concerned a two-year-old female who developed
recurrent hives after the ingestion of food containing annatto. However, given the young
age of the child, no further in vivo or in vitro tests were performed. The second report [16]
concerned a five-year-old girl, who presented with two episodes of generalized urticaria
after the ingestion of commercially prepared foods with annatto as a common ingredient.
Prick-to-prick testing with annatto was positive.

Tartrazine, a synthetic food dye, has been linked with cutaneous adverse reactions,
although these reactions are not often confirmed by rigorous testing. In two studies [17,18],
double-blind placebo-controlled challenges with tartrazine were performed in children
with suspected hypersensitivity to this additive. Adverse reactions to tartrazine were
confirmed in 3/19 patients in the first study and in 1/12 patients in the second one.

2.3. Preservatives

Sulfites are chemical products used as additives, e.g., in food and pharmaceutical
products for their antioxidant properties and also because they prevent browning. Although
sulfite reactions are more common in adults, bronchospasm after oral challenge testing
was also described in asthmatic children [19,20]. Furthermore, a more recent case report
described a five-year old female with a history of gastrointestinal and cutaneous clinical
manifestations after the ingestion of several different preserved foods and oral drugs
containing sodium metabisulphite (SMB) [21]. Based on the clinical history and by the
patch test result, a diagnosis of SMB allergy was made. After the start of a diet free from
this additive, the child had a sudden improvement of her gastrointestinal and cutaneous
signs and symptoms.

Sodium benzoate (E211), naturally present in some foods such as cinnamon, is also
used as a preservative and can be found, e.g., in commercially prepared foods (e.g., bever-
ages, especially soft drinks), cosmetics, and pharmaceutical products. One report cited the
case of a 12-year-old boy who developed cheilitis after the ingestion of cola and canned
baked beans containing that additive [22]. Additionally, sodium benzoate was identified as
the culprit of cutaneous adverse drug reactions in 10 children that reported maculopapu-
lar eruptions or urticaria after the intake of amoxicillin plus clavulanic acid suspension,
probably with a non-immunologic mechanism [23].

2.4. Thickening Agents

Pectin, a thickening agent, has been identified as a possible hidden allergen, espe-
cially in patients sensitized to cashew and pistachio. In the first of two case reports [24],
a three-year-old male developed an anaphylactic reaction after drinking a strawberry fruit
smoothie, whereas in the second [25] a five-year old female presented an anaphylaxis
after the ingestion of jellybeans; pectin was listed as an ingredient in both food products.
Both children had a positive skin prick test (SPT) to the additive, but other potential food
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allergens were negative. Interestingly, both patients had positive specific serum IgE for
cashew and pistachio. Concomitant allergy to pectin and to these tree nuts has been re-
ported in adult subjects [26–28], but the mechanism underlying this phenomenon has not
been clarified.

Anaphylaxis to carboxymethylcellulose, another thickening agent, has been reported.
In adults this has been noted after the use of parenteral corticosteroid preparations [29,30]
and barium sulfate contrast medium [31]. This additive, used, e.g., in pharmaceutical
preparations, wound dressings, cosmetics, and foods, has also been linked to anaphylactic
reactions in a 14-year-old female [32]. The girl experienced several episodes of anaphylaxis
requiring intramuscular adrenaline after eating an ice lolly and a half-frozen beverage, both
containing carboxymethylcellulose. SPTs to this additive were positive and an Oral Food
Challenge (OFC) with the ice lolly resulted in the development of hives and dyspnoea,
although the consumption of the same ice cream without carboxymethylcellulose made
by the manufacturer did not induce any reactions. After the avoidance of this allergen, at
six months follow-up the child had no anaphylactic reactions, except for an episode induced
by a noodle product containing carboxymethylcellulose that she had eaten by mistake.

2.5. Flavorings

Spices, such as fenugreek and pepper, frequently found in both homemade and
commercially prepared food, can act as hidden allergens [33]. In many cases, spice allergy
is believed to be a secondary effect after primary sensitization with inhalant allergens [34].

A case report [35] described a 17-month-old male that had an anaphylactic reaction
requiring intramuscular epinephrine after eating venison prepared with a marinade con-
taining various spices. SPTs were positive to black and cayenne pepper and specific IgE to
cayenne pepper was also positive, whereas SPTs and specific IgE to the other ingredients in
the spice mix and the meal were negative.

Fenugreek (Trigonella foenum-graecum), an herb that belongs to the Leguminosae family,
can be an ingredient in tea, curry, and chutney. It has been identified as the culprit of
an anaphylactic reaction in a 14-year-old male who developed hives, chest constriction,
abdominal pain, and emesis after the consumption of a spread containing fenugreek, lemon,
garlic, and cilantro [36]. After this episode, the boy avoided fenugreek, but consumed and
tolerated the other ingredients. On evaluation, SPTs with a solution containing ground
fenugreek were positive and he also had a high specific IgE level to fenugreek. In order to
verify that this was a non-irritant concentration, the same solution was tested in four healthy
individuals without reactions. As it is a member of the Leguminosae family, fenugreek has
considerable cross-reactivity with peanut proteins [37]. Fæste et al. [38] analyzed the sera
from patients that reported anaphylaxis to legume-containing foods including 11 children.
In most cases, the peanut IgE levels were higher or equal to the fenugreek IgE levels.

Several clinical studies including children have focused on mustard allergy [39]. As
a result of its wide use to enhance flavor, mustard can be a hidden allergen in various foods,
including some baby and toddler pre-packaged foods. In the areas where its consumption
is higher, as in France, mustard is a more common allergen [40].

Herbs belonging to the Lamiaceae family have been linked with allergic reactions.
A 13-year-old boy developed two episodes of angioedema after the consumption of chicken
meat containing oregano and after drinking sage tea [41]. A prick-to-prick test with
oregano, sage, and mint was positive only for mint. However, the OFC with sage induced
angioedema after 25 minutes.

2.6. Cow’s Milk Proteins

Cow’s milk allergy is one of the most common food allergies in infants and young
children and cross-contamination with cow’s milk proteins can cause severe reactions in
highly allergic individuals. Levin et al described the case of a nine-month-old boy with
cow’s milk allergy that developed anaphylaxis and respiratory arrest after the ingestion of
a dry-powder soy formula [42]. Samples of the formula were analyzed for milk, egg white,
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and peanut proteins, and ß-lactoglobulin was found both in the mixed formula and in the
dry powder.

Milk proteins have also been found in oral polio vaccine (Sabin vaccine) [43]. Parisi et al
described a case series of four patients with milk protein allergy that developed acute
allergic reactions after vaccination. Every child had positive SPTs to both milk protein
and oral polio vaccine and levels of milk protein and Sabin vaccine-specific IgE were
increased. In addition, an ELISA using specific rabbit antiserum detected α-lactalbumin in
the Sabin vaccine.

Even probiotics can be a source of hidden allergens, as demonstrated by a Spanish
study that reported the presence of cow’s milk proteins in 10/11 of compounds tested and
the presence of hen’s egg proteins in 3/11 of compounds tested [44]. Additionally, a French
study showed that 2/3 of probiotics used widely in France contain significant amounts of
β-lattoglobulin [45]. The papers also reported the cases of two children that had developed
anaphylaxis after the ingestion of two different probiotic compounds, and both patients
had increased milk-specific IgE levels.

2.7. Hidden Allergens in Other Food Products

Antibiotic residues present in food can be a cause of allergic reactions of unknown
origin, as described in a 10-year-old girl who had an anaphylaxis after the ingestion of
a blueberry pie that was found to contain a non-ß-lactam antibiotic after bacterial growth in-
hibition testing [46]. Given that streptomycin is commonly used to treat bacterial infections
of fruit, cutaneous allergy testing for streptomycin was performed, and an intradermal skin
test with a dilution of 1:1000 resulted positive. The child also showed neck urticaria a few
minutes after the test and a late-phase reaction with generalized urticaria and inspiratory
stridor three hours later. The girl had never been treated with streptomycin in the past.

The use of latex gloves by food handlers is a potential route of inadvertent exposure
to latex allergens, as reported in a 10-year-old boy that developed an anaphylactic reaction
10 minutes after eating a cream-filled doughnut [47]. SPTs, prick-to-prick tests, and serum-
specific IgE for each ingredient used during the preparation of the doughnut were negative,
but results for SPTs using a commercial latex extract were positive. A double-blind food
challenge was also performed, and the child developed urticaria, conjunctivitis, and lip
oedema after eating of the doughnut prepared using latex gloves, while he did not develop
any clinical manifestation with the doughnut prepared without using them.

Domestic mites are an important allergen source in respiratory allergic diseases, but
they can also be the cause of severe allergic signs and symptoms immediately after eating
foods prepared with wheat flour contaminated with various species of them [48]. These
reactions, named as “Pancake syndrome”, are usually caused by foods prepared with wheat
flour, especially pancakes, but also, e.g., pizza, pasta, and bread. Given that cooked foods
are able to induce the clinical manifestations, the allergens involved in these reactions are
supposed to be thermoresistant.

Allergen of Anisakis simplex, a parasitic nematode contained in a large proportion of
commercial fish and seafood, has been described as the cause of relapsing acute urticaria
in children and adolescents not sensitized to Ascaris or fish [49]. Some Anisakis simplex
allergens are highly resistant to heat and freezing [50]. Sensitization may occur even in
populations with low consumption of raw or undercooked fish.

Sweets could be implicated in children’s allergic reactions, e.g., with cow’s milk, egg,
nut, or fruit allergies, but they can also contain uncommon allergens, as described in the case
of a 21-month-old boy who developed perioral urticaria with lip oedema, abdominal pain,
vomiting, and generalized urticaria after the ingestion of candies [51]. At the investigation,
a prick-to-prick test was positive to one of the brands of candies ingested. The SPTs to each
of the components was positive only to a vegetable protein, identified by the manufacturer
as potato peel protein.
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2.8. Plant Food Allergens

Non-specific Lipid Transfer Proteins (nsLTPs) are a cause of IgE-mediated food-allergic
reaction in children and in adults. Allergy to nsLTP occurs predominantly in the Mediter-
ranean area, but it is less common in northern and central Europe [52–55]. These proteins
are widely expressed throughout the plant kingdom and there is a high degree of cross
reactivity between nsLTP allergens from botanically unrelated fruits and vegetables [56].
Although fruits remain the most frequent food involved, allergens from this family have
also been identified in, e.g., nuts, vegetables, cereals, legumes, and seeds [54], and thus
nsLTP allergy should be considered in the diagnostic process after reactions to one of these
foods. These allergens are thermostable and hence may also be present as hidden allergens
in composite dishes. Reactions to nsLTP are frequently linked to cofactors, especially exer-
cise and intake of non-steroidal anti-inflammatory drugs (NSAIDs), while other cofactors
such as fasting, alcohol, antacids, temperature, oestrogens, other drugs (e.g., angiotensin-
converting enzyme inhibitors, β-blockers, lipid-lowering drugs), stress, and fatigue could
be implicated [54].

Gibberellin-regulated proteins (GRPs) are allergens recently identified in plant-derived
food allergies. These proteins have been found in peach (Pru p 7), apricot (Pru m 7), orange
(Cit s 7), and pomegranate (Pun g 7), and they have heat and digestion stability similar
to nsLTP, being able to cause systemic and often severe reactions, even in children [57].
Patients allergic to GRPs can react to fruits belonging not only to the Rosaceae family (such
as peach, apricot, apples, strawberry, and cherries) but also to the Rutaceae family (such
as lemon and oranges) [58]. Allergy to GRPs should be taken into account during the
diagnosis after systemic reactions to fruit, especially in case of Pru p 3 sIgE negativity.

2.9. Uncommon Food Allergens
2.9.1. Alpha-Gal Syndrome

Uncommon food allergens include α-1,3-galactose (alpha-gal), which may cause both
an immediate hypersensitivity reaction to drugs containing that disaccharide (e.g., cetux-
imab) [59], and a delayed reaction due to the ingestion of meat from non-primate mammals.
It is still uncertain what drives IgE production for alpha-gal, but epidemiological data
from the USA showed that sensitization to alpha-gal could occur following a bite from
the Amblyomma americanum tick, and in other continents from the Ixodes species. Alpha-
Gal Syndrome (AGS) has unusual characteristics. Clinical manifestations appear about
3–6 hours after the meal, do not occur after every ingestion and the onset of the condition
could start years after sensitization and involve food previously tolerated [60].

2.9.2. Cat-Pork Syndrome

Another condition that can cause reactions after the eating of red meat is cat-pork
syndrome. This condition may affect cat allergic individuals, sensitized via the respiratory
tract to cat albumin Fel d 2, who then develop allergic signs and symptoms after the
consumption of pork or beef meat. This occurs because IgE against Fel d 2 can cross-react
with porcine albumin (Sus s 1) and beef albumin (Bos d 6) [61]. Pork serum albumin is
heat-labile, so well-cooked pork seems more likely to be tolerated, whereas fresh, dried, or
smoked preparations of meat are more likely to elicit reactions. Cat-pork syndrome is more
common in adults, but some pediatric cases were reported [61,62], even after consuming
beef intestines [63]. Additionally, a case of FDEIA (Food-Dependent Exercise-Induced
Anaphylaxis) was described in a 13-year-old boy that developed urticaria and dyspnoea
during intense exercise after ingestion of pork [64].

2.9.3. Bird-Egg Syndrome

Poultry meat allergy may also occur as a secondary food allergy resulting from cross-
reactivity, in the context of bird-egg syndrome. This condition is due to sensitization
to serum albumins present in many tissues including bird muscle tissue and egg yolk
(Gal d 5) [65,66]. Primary sensitization to serum albumin may occur via the respiratory
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tract through exposure to pet birds such as pigeons, budgerigars, and parrots in adults,
or within the context of egg allergy in early childhood [67]. While cross-sensitization to
poultry meat is common in patients with bird-egg syndrome, clinical reactions after meat
ingestion appear to be rare because of the heat-lability of serum albumins [68].

2.9.4. Novel Allergic Cross-Recognitions

The increasing popularity and accessibility of exotic foods could lead to the discovery
of new allergens and novel allergic cross-reactivities. Ballardini et al. [69] reported the case
of a 13-year-old boy with severe allergy to chicken meat who developed an anaphylactic
reaction after the ingestion of crocodile meat. Molecular analysis led to the identification of
a crocodile α-parvalbumin, with extensive sequence homology to chicken α-parvalbumin.
Another case report [70] described anaphylaxis in a nine-year-old boy with a fish allergy
following the ingestion of crocodile meat. In this case, cross-reactivity between parval-
bumins of both species was identified as the cause of the reaction. Additionally, in vitro
cross-recognition between cod parvalbumin and frog parvalbumin was described [71].
Despite SPTs performed with recombinant frog parvalbumin being positive in fish-allergic
patients, to the best of our knowledge, no case of reaction to frog meat had been described
in children.

In some cases, the chemical reactions that take place during the cooking process could
lead to the production of compounds that may cause allergic clinical manifestations in some
children, as described in the case report of a five-year-old boy [72] who developed urticaria
after eating homemade caramel made by cooking condensed sweet milk for two hours. The
child regularly ate milk (fresh, condensed, or condensed sweetened) without any problem.
At the investigations, SPTs with caramel resulted positive and the boy was instructed
to avoid caramel. In this case, the non-enzymatic browning reactions, such as Maillard
reaction, of sweetened milk could have led to the production of compounds that could be
responsible for the clinical manifestations.

3. Inhalation

In some cases, allergic reactions can occur when dietary proteins are inhaled. Ex-
amples of this dynamic can be the inhalation of steam coming from the cooking of foods
(e.g., fish, shellfish, and milk), or due to the release of tiny amounts of powdered food into
the environment following their crushing and/or grinding (e.g., milk). This type of reaction
is usually mild, but, in rare cases, can also cause more severe reactions.

A food allergen that has to be carefully considered with reference to the risk of
inhalation is lupine. In fact, pulverized lupine can be present in products not destined for
food such as, for example, fertilizer for plants. Its presence as an inhaled hidden allergen in
rural areas can give rise to unexpected allergic reactions [73].

Lactose is an inactive ingredient common in many pharmaceutical products that is
used, e.g., to improve the stability of active substances in medicines, including drugs to
treat allergic conditions such as asthma, even in the acute phase. Although medical grade
lactose is usually free of milk protein, it can convey milk protein as described in the case
of a nine-year-old boy that developed a refractory asthma exacerbation after the use of
lactose-containing dry powder inhalers [74].

Even toys can be a source of hidden allergens, as described in the case report of
a nine-year-old boy with multiple food allergies including wheat and corn, who developed
a severe anaphylactic reaction that needed epinephrine administration after contact with
a toy fingerprint powder [75]. It was evaluated with the ELISA, which was strongly positive
for gluten, likely coming from wheat flour.

4. Infusion/Injection

The contamination of lactose with milk proteins is also found in corticosteroids to be
taken parenterally as a methylprednisolone powder and solvent for solution for injection
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and can therefore be responsible for serious systemic reactions once infused in subjects
with milk allergy [76].

On the internet it is possible to find a list of drugs containing lactose, although these
lists cannot be considered exhaustive as they are subject to continuous updating. A safer
alternative is to look for the presence, among the excipients, of a particular potential food
allergen in the Ministerial Technical Data Sheet (SPC) of each single drug.

There may be many potential contaminants to look for beyond milk proteins. For
example, some benzylpenicillin products may contain lecithin contaminated by soy proteins
and used as an excipient [77].

In the scientific literature, cases of anaphylaxis after intravenous administration of
paracetamol with previous tolerance of this drug taken orally are also described [78]. In
these patients a specific sensitization to mannitol, as an excipient in numerous drugs, can
be demonstrated.

In rare cases an infusion reaction due to a food allergen has been described after
introduction of the food protein by blood transfusion from a subject who, before the
donation, had consumed certain foods such as, for example, peanut [79].

5. Contact

The contact between the allergen and the skin can cause urticaria or other skin signs
or symptoms, especially in the point where the allergen touches the skin. Severe contact
reactions between skin and allergens are rare, but one example of a skin reaction from
contact with hidden foods is sensitization to hydrolyzed wheat proteins due to the use
of facial cleansers, which may precede and/or be associated with reactions to the intake
of wheat [80]. Wheat proteins may also be present in some types of moldable wheat
flour-based materials, usually used in play by children [81].

The situation is different when the skin barrier is disrupted, e.g., atopic dermatitis,
when allergen penetration is facilitated, therefore enhancing the likelihood of sensitization
and/or allergic contact reactions to foods and simple chemicals.

Hidden allergens can also be found in topical preparations, as reported for polyvinylp-
yrrolidone (PVP), an excipient present in medical products such as tablets and ophthalmic
solutions but also in personal care items and in foods (E1201) [82]. A paper reported the case
of a 15-year-old girl that developed anaphylaxis after the administration of corticosteroid
eye drops containing PVP. At allergy work-up, prick-by-prick to PVP and to eye drops
that caused the reaction test resulted positive, while they resulted negative to other eye
drops without the excipient that the girl used without any reactions. Anaphylaxis to PVP
was also described in a nine-year-old boy that developed two systemic reactions after the
administration of povidone-iodine (PVP-I) for impetigo contagious [83]. Interestingly, the
child had no reaction after previously using PVP-I as an antiseptic agent, so the lesioned
skin due to impetigo contagious could have played a role in the developing of reactions.

Table 1. Potential sources of rare and hidden allergens.

Allergen Potential Source of Exposure Reference
Ingestion

Food Additives

CARMINE (E120)

e.g., several commercially prepared foods including cheese,
fruit, and vegetables preparations, processed fish and fishery

products, jams, meat products, soups, sauces, desserts,
and drinks

[13,14]

ANNATTO (E160B)
e.g., several commercially prepared foods including cheese,

processed fish and fishery products, desserts, jams, meat
products, soup, and sauces

[15,16]

TARTRAZINE (E102)
e.g., several commercially prepared foods including cheese,

canned and bottled fruits and vegetables, soups, processed fish
and fishery products, sauces, and non-alcoholic drinks

[17,18]
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Table 1. Cont.

Allergen Potential Source of Exposure Reference

SULFITES (E220-228)
e.g., several foods including dried fruits, fruit juices, dried
potatoes, desserts, processed fish and fishery products and

alcoholic and non-alcoholic drinks
[21]

SODIUM BENZOATE (E211) e.g., foods, pharmaceutical preparations, cosmetics [22,23]
PECTIN (E440) e.g., thickening agent in several food including candies [24,25]

CARBOXYMETHYLCELLULOSE (E466)
e.g., pharmaceutical preparations, wound dressings, cosmetics,
and foods such as chocolate products, ice creams, frozen cakes,

instant pasta, condiments
[32]

Spices
PEPPER e.g., seasoning in several foods [35]

FENUGREEK e.g., seasoning in several foods [36]

MUSTARD e.g., seasoning in several foods including baby foods and
commercial foods for toddlers [39,40]

LAMIACEE FAMILY e.g., spice mixes and curry powder [41]
Cow’s Milk Proteins

BETA-LACTOGLOBULIN e.g., alternatives milk formulas [42]
ALPHA-LACTALBUMIN e.g., polio Sabin vaccine [43]
COW’S MILK PROTEINS e.g., probiotics [44,45]

Other Food Products
STREPTOMYCIN e.g., foods containing antibiotic residues [46]

LATEX ALLERGENS e.g., foods processed with latex gloves [47]
DOMESTIC MITES e.g., foods prepared by wheat flour [48]

ANISAKIS SIMPLEX e.g., commercial fishes and cephalopods [49,50]
POTATO PEEL PROTEIN e.g., candies [51]

Meat Allergens

ALPHA-GAL SYNDROME e.g., meat from non-primate mammals, intravenous drugs (such
as cetuximab) [59,60]

CAT PORK SYNDROME e.g., red meat [61–64]
BIRD-EGG SYNDROME e.g., poultry meat [65,66]

Uncommon Food Allergens
PARVALBUMINS e.g., crocodile meat [69,70]

Inhalation
LUPIN e.g., fertilizer for plant [73]

COW’S MILK PROTEIN e.g., dry powder inhalers [74]
WHEAT FLOUR e.g., toy fingerprint kit [75]

Infusion

COW’S MILK PROTEIN e.g., methylprednisolone powder and solvent for solution
for injection [76]

SOY PROTEIN e.g., benzylpenicillin [77]
MANNITOL e.g., paracetamol [78]

PEANUT ALLERGENS e.g., blood transfusion [79]
Contact

WHEAT PROTEINS e.g., facial cleanser, mouldable plastic materials [80,81]
POLYVINILPIRROLIDONE (E1201) e.g., corticosteroid eye drops [83]

6. The Role of Co-Factors

In some cases, a sole exposure to an allergen is not able to induce anaphylaxis [84], but
it could occur only in association with certain co-factors, such as exercise, alcohol, menses,
psychological stress, and NSAIDs. Data from different studies and registries report that
cofactors play a role in about 30% of all anaphylactic reactions in adults [85].

In the case of Food-Dependent Exercise Induced Anaphylaxis (FDEIA), the reac-
tion appears only when food is eaten in association with physical activity, either pre- or
post-exercise. FDEIA reactions can be related to both plant and animal proteins but the
most common foods reported include wheat, in particular omega-5-gliadin, LTP allergens,
shellfish, and nuts [86]. NSAID intake has been reported to be present in up to 22% of food-
induced severe anaphylactic reactions. Foods more frequently involved are wheat, plant
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foods and shellfish [87]. Finally, infectious diseases can act as cofactors, with a reported
relevance from anaphylaxis registries of 2.5–3% in children [85].

7. Mastocytosis

Due to the similarity in clinical manifestations, systemic mastocytosis can be poten-
tially misdiagnosed as food-induced anaphylaxis [88]. Some scoring systems, based on
combined clinical and laboratory parameters, have been proposed in order to discern these
two conditions [89–91].

8. Cross-Contamination (Indirect Contamination)

Cross-contamination (or indirect contamination) represents an additional risk for
patients with food allergies and occurs when a certain allergen is accidentally localized in
another food: for example, by using an inadequately cleansed container that previously
contained another food [92]; on the surface of an object, e.g., kitchen utensils (e.g., forks,
spoons, knives), pans, dishes or cooking surfaces that have not been properly cleaned
before preparing and/or cooking food [93]; in saliva: food allergens can be transmitted by
people and home pets [94]. Indeed, everything that is introduced into the oral cavity can
represent a possible source of cross-contamination.

Cross-contamination represents a particular management problem in the context of
food allergies, as the allergen is hidden, and its intake is unpredictable [95]. Moreover, es-
pecially in adolescence, new risks of contamination arise due to the general lower attention
to health in this age and the tendency to share food with peers [96].

The pediatrician can give specific advice to deal with these problems and limit the risk
of indirect contamination [97]. Other suggestions that the pediatrician can give are offered
by the systematic guidelines for the management of food allergy in schools, published by
the Centers for Disease Control and Prevention (CDC) [98] and the British Anaphylaxis
Campaign [99].

9. Diagnosis

Identifying a rare or hidden allergen is an essential diagnostic challenge when ap-
proaching an allergic reaction of unclear cause, for example, idiopathic anaphylaxis. Collect-
ing a detailed clinical history is the first and more important step, allowing the identification
of possible sources of allergens. Thereafter, a diagnostic workup that comprises in vivo
and in vitro tests could lead to the identification of the sensitization of the subject [88].
Although it is difficult, identifying the allergen responsible for the reaction is crucial for the
correct patient management, allowing the clinician to provide the family with individual
dietary advices [100].

10. Management

The primary therapeutic strategy for managing a food allergy consists of strictly avoid-
ing the allergen and treating accidental exposure with medications [101]. However, novel
therapeutical approaches are under investigation for the treatment of food allergies; the
ultimate goal of these therapies is to induce permanent immune tolerance, defined as the
unresponsiveness to allergens either in natural exposure settings or in vivo challenges [102].
Therapeutic approaches to food allergies can be classified as food allergen-specific im-
munotherapy and food allergen non-specific immunotherapy [103]. Allergen-specific
immunotherapy (AIT) consists in exposing the subject to gradually increased doses of
the allergen and includes mainly oral (OIT), subcutaneous (SCIT), sublingual (SLIT), and
epicutaneous (EPIT) immunotherapy [104]. Food AIT aims to downregulate the allergic
immune response, taking as targets, e.g., IgE, cytokines, cells, or genes [105]. Between bio-
logical drugs, omalizumab is the most widely studied molecule for treating food allergies,
used both as monotherapy and adjunctive therapy in food AIT [106]. Despite findings
showing encouraging results, food AIT and other experimental therapy need further re-
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search through international, high-quality, and extensive works to reach a consensus on the
clinical application of these strategies [104].

11. Conclusions

The personalization of advice regarding rare and hidden allergen avoidance needs to
be considered based on the individual patient’s food triggers and characteristics and the
consequent risk level. The provision of individual dietary advice is a powerful weapon
to reduce the risk of reaction to food and ensure the quality of life of families of young
patients with food allergy [107].

However, avoiding trace amounts is difficult to maintain in the long term. The
psychological consequences of food exclusion can be sometimes even more serious than
the risk of food allergy reactions, and lead to neophobia, or fear of new foods [108], and
consequent adoption of monotonous and potentially nutritionally-deficient diets [109]. In
recent years, an active treatment of food allergies is increasingly being undertaken [110],
based on desensitization—oral immunotherapy to the specific food, which is thus gradually
reintroduced starting from exceedingly small quantities. The reintroduction of even tiny
amounts of food makes it possible to enlarge the diet considerably and therefore to improve
the quality of life of the child and the family.

Abbreviation

AGS = alpha-gal syndrome; AIT = allergen-specific immunotherapy; CDC = Centers for
Disease Control and Prevention; ELISA = enzyme-linked immunosorbent assay;
EPIT = epicutaneous immunotherapy; FAO = Food and Agriculture Organization;
FDEIA = food-dependent exercise-induced anaphylaxis; GRPs = Gibberellin-regulated proteins;
JECFA = Joint FAO/WHO Expert Committee on Food Additives; NSAIDs = non-steroidal anti-
inflammatory drugs; nsLTPs = non-specific Lipid Transfer Proteins; OFC = oral food challenge;
OIT = oral immunotherapy; PCR = polymerase chain reaction; PVP = polyvinylpyrrolidone;
PVP-I = povidone-iodine; SCIT = subcutaneous immunotherapy; SLIT = sublingual immunother-
apy; SMB = Sodium metabisulphite; SPC = ministerial technical data sheet; SPT = skin prick
test; WHO = World Health Organization.
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