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Abstract
In patients with respiratory allergy, cross-reactivity 
between aeroallergens and foods may induce food 
allergy, symptoms ranging from oral allergy syndrome 
to severe anaphylaxis. Clinical entities due to IgE 
sensitization to cross-reactive aeroallergen and food 
allergen components are described for many sources of 
plant origin (pollen-food syndromes and associations, 

such as birch-apple, cypress-peach and celery-mugwort-
spice syndromes, and mugwort-peach, mugwort-
chamomile, mugwort-mustard, ragweed-melon-banana, 
goosefoot-melon associations), fungal origin (Alternaria-
spinach syndrome), and invertebrate, mammalian or 
avian origin (mite-shrimp, cat-pork, and bird-egg syndro
mes). Clinical cases of allergic reactions to ingestion of 
food products containing pollen grains of specific plants, 
in patients with respiratory allergy to Asteraceae pollen, 
especially mugwort and ragweed, are also mentioned, 
for honey, royal jelly and bee polen dietary supplements, 
along with allergic reactions to foods contaminated 
with mites or fungi in patients with respiratory allergy 
to these aeroallergens. Medical history and diagnosis 
approach may be guided by the knowledge about the 
diverse cross-reacting allergens involved, and by the 
understanding of these clinical entities which may vary 
significantly or may be overlapping. The association 
between primary IgE sensitization with respiratory 
symptoms to inhaled allergens and food allergy due 
to cross-reactive allergen components is important to 
assess in allergy practice. The use of molecular-based 
diagnosis improves the understanding of clinically 
relevant IgE sensitization to cross-reactive allergen 
components from aeroallergen sources and foods.
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Core tip: Many different syndromes and associations 
due to cross-reactivity between aeroallergens and 
food allergens of plant, fungal and animal origin have 
been described. Significant examples are pollen-food 
syndromes or associations, along with mite-shrimp, cat-
pork, and bird-egg syndromes, but rare or more complex 
clinical entities must also be discussed. It is important 
to underline the impact of relevant cross-reactivities 
between aeroallergens and food allergens and of 
molecular-based allergy diagnosis in clinical practice.
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INTRODUCTION
Respiratory allergies affect 10%-30% of adults and 
children worldwide[1,2], while food allergy is estimated 
to affect more than 1%-2% and less than 10% of the 
population[3]. Allergic rhinitis, asthma and food allergies 
have significant detrimental effects on health-related 
quality of life, family economics, social interactions, 
school and work attendance[4-7]. There is a high co-
occurrence of food allergy with other atopic diseases, 
including allergic rhinitis and asthma. Evidence of respi
ratory allergy may indicate an increased risk of IgE-
mediated food allergy. Moreover, underlying asthma, 
regardless of severity, has been associated with increased 
risk of severe reactions and even death caused by food 
allergy[3].

This editorial underlines the importance of the IgE 
sensitization via the respiratory route to aeroallergens 
and food allergy due to cross-reactivities between 
some allergen components. This phenomenom should 
be distinguished from the common food allergy with
out sensitization to cross-reactive aeroallergens, in 
which heat- and enzyme-resistant class 1 food aller
gens induce allergic sensitization via the digestive 
tract, typically being responsible for systemic allergic 
reactions. Class 2 food allergens are more heat-labile 
and susceptible to digestion and therefore do not cause 
gastrointestinal sensitization, but instead provoke 
allergic reactions in already sensitized patients to cross-
reactive aeroallergens through the respiratory route. 
Typically, pollen-food syndromes are produced by class 
2 food allergens. In contrast to class 1 food allergy 
which mainly affects young children, class 2 food allergy 
is observed especially in adults as a consequence of 
sensitization to cross-reactive aeroallergens[8-10]. This 
traditional classification has a more modern changed 
approach from a molecular allergy point of view. Impor
tant allergen components families involved in cross-
reactivity between aeroallergens and food allergens 
are presented in Table 1. The clinical expression for IgE 
sensitization to PR-10 proteins and profilins is mainly 
oral allergy syndrome. 

Cross-reactivity is an immune-mediated pheno
menon of an IgE antibody recognizing, binding, and 
inducing an immune response to similar allergenic mole
cules (homologues). IgE cross-reactivity often occurs 
between allergenic molecules in closely related species 
or well preserved molecules with similar function 
present in widely different species, belonging to the 
same protein family[3,11,12].

The clinical relevance of cross-reactivity seems to 
be influenced by a number of factors including the 

host immune response against the allergen, exposure 
and the allergen itself[13]. Cross-reactivity is important 
for various reasons, such as its immunologic basis, 
particularly in relation to the regulation of allergic 
sensitization, the risk of allergic cross-reactivity to 
novel foods and the identification of the patterns of 
cross-reactivity, because they often, but not always, 
may reflect the pattern of clinical sensitivities. Cross-
reactivities involve clustering cross-reactive aller
gens or family-restricted homologous molecules, 
panallergens and cross-reactive carbohydrate determi
nants (CCDs)[14]. Panallergens are cross-reactive 
allergens, belonging to protein families well preserved 
throughout many widely different species, able to 
trigger IgE antibody binding[12]. Panallergens are 
ubiquitous proteins responsible for IgE cross-reactivity 
to a wide variety of related and unrelated allergenic 
sources. IgE cross-reactivity is usually approached 
from an allergen-perspective, meaning that cross-
reactivity is a consequence of structural similarity 
between homologous proteins, which is translated into 
conserved sequence regions, three-dimensional folding 
and function[15]. CCDs are carbohydrate moieties of 
glycoproteins that induce the production of highly cross-
reactive IgE. Many plant and invertebrate allergens 
are glycoproteins containing carbohydrate moieties 
called N-glycans that interfere with in vitro specific IgE 
determinations. Anti-CCD IgE biomarker indicate the 
presence in serum of IgE directed against carbohydrate 
epitopes. Grass pollen sensitization is the most common 
cause of CCDs sensitization in food allergic patients, 
anti-CCD IgE antibodies are highly cross-reactive with 
CCD monovalent peanut allergens, but does not induce 
clinical symptoms. CCDs rarely cause allergic reactions, 
but are an important cause of cross-reactivity for in 
vitro specific IgE assays for CCD-containing allergens 
from pollen, plant foods, insects and venoms. The use 
of CCD-free recombinant allergen components may be 
of utility in such cases[16-20]. 

In general, the term cross-reactivity should be 
used to describe defined clinical features revealing the 
reactivity to a source without previous exposure[13,21]. 
The comprehensive term co-recognition, including by 
definition cross-reactivity, could be usefully adopted to 
define the large majority of the IgE reactivity where 
co-exposure to a number of sources bearing homolo
gous molecules does not allow the identification of 
the sensitizer. The CCD-IgE co-recognition of similar 
carbohydrate structures on unrelated sources may lead 
to in vitro false positive results in diagnostic tests[13]. 
Despite having high sequence homology in some 
cases, the ability of cross-reactive allergens to mediate 
clinical allergic reactions is highly variable, and often 
depends on the specific allergen sources involved. 
In addition, cross-reactivity between allergens may 
cause covariation of sensitization, such as a higher 
frequency of sensitization to two or more allergens 
than the expected frequency[3,22]. Immunologically, 
cross-reactivity is distinct from co-sensitization in which 
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genuine sensitization to more than one allergen sources 
is not due to cross-reactivity, being not mediated by 
shared epitope-specific antibodies[3,12]. 

Accurate epidemiologic data on the prevalence of 
clinical cross-reactivities between aeroallergens and 
food allergens are generally limited by the lack of large, 
controlled population-based studies, incorporating oral 
food challenges. In adults, up to 80% of all cases of 
food allergy are preceded by sensitisation (clinical or 
subclinical) to aeroallergens, food allergic symptoms 
being caused in these patients by cross-reactions 
between ingested food and inhaled allergens[23]. Even in 
children, it is suggested that cross-sensitization may be 
found in up to 25% of cases[24].

CROSS-REACTIVITY BETWEEN 
AEROALLERGENS OF PLANT ORIGIN 
AND FOOD ALLERGENS 
Pollen-food syndromes and associations are food 
allergies affecting pollen-sensitized individuals, that 
have become the most prevalent types of food allergy 
in European adolescents and adults, affecting about 5% 
of the population in central Europe. In United Kingdom, 
pollen-food syndrome overall prevalence is about 
2%, in South-Eastern England urban practice being 
slightly over 4%. The symptoms of pollen-food allergy 
syndromes range from oral allergy syndrome to severe 
anaphylaxis, and the foods involved are of vegetal 
origin, mostly fruits and vegetables, eaten raw[9,25,26]. 
Pollinosis patients often display adverse reactions upon 
ingestion of plant-derived foods as a result of IgE cross-
reactive epitopes shared by pollen and food allergen 
sources[1].

The role of an allergy specialist in recognizing and 
assessment of pollen-food syndromes and associations 
is essential. Many purified native and recombinant 
allergen components have been obtained in order to 
use them for a detailed molecular component-resolved 
diagnosis of the genuine sensitization and cross-
reactivities profiles, and for a more accurate prescription 
of allergy immunotherapy[20,27,28].

Specific IgE antibodies to recombinant and native 

specific allergen components from trees, grasses and 
weeds pollen are important to differentiate the true 
sensitization profile in patients with multiple pollen 
sensitizations, as described below[20,27-32].

Tree pollen-specific allergen components are men
tioned for anemophilous trees/shrubs belonging to the 
Betulaceae family: rBet v 1, a 17 kDa pathogenesis-
related protein PR-10 with ribonuclease activity from 
the pollen of birch Betula verrucosa, cross-reactive with 
other Betulaceae pollen PR-10 components with about 
70% identity to it (alder Alnus glutinosa rAln g 1, hazel 
Corylus avellana rCor a 1); Oleaceae family: nOle e 1 
and rOle e 1, a 19-20 kDa trypsin inhibitor from the 
pollen of olive Olea europaea; Platanaceae family: rPla 
a 1, a 18 kDa invertase inhibitor, and nPla a 2, a 43 
kDa polygalacturonase, from the pollen of plane tree 
Platanus acerifolia; Cupressaceae family: nCup a 1, a 43 
kDa pectate lyase, from the pollen of cypress Cupressus 
arizonica, cross-reactive with other Cupressaceae pollen 
pectate lyase components (cedar Criptomeria japonica 
nCry j).

Grass pollen-specific rPhl p 1 (27 kDa beta-expan
sin), rPhl p 5b (32 kDa ribonuclease), and natural 
timothy grass (Phleum pratense) extract are used to 
identify grass pollen allergy. Specific IgE against rPhl 
p 1 is a Poaceae family-specific biomarker for genuine 
sensitization to grass pollen, and against rPhl p 2, 
rPhl p5 and rPhl p 6 are Pooideae subfamily-specific 
biomarkers for true sensitization to temperate grass 
pollen. Specific IgE antibodies to nCyn d 1 (beta-
expansin of Bermuda grass Cynodon dactylon), a warm 
climate grass-specific native pollen allergen component, 
represent biomarkers of genuine sensitization to Chlori­
doideae subfamily grass pollen.

Weed pollen-specific allergen components are des
cribed for herbaceous plants belonging to the Asteraceae 
(Compositae) family: nArt v 1, a 28 kDa defensin from 
the pollen of mugwort Artemisia vulgaris and nAmb a 1, 
a 38 kDa pectate lyase from the pollen of short ragweed 
Ambrosia artemisiifolia var. elatior; Plantaginaceae 
family: rPla l 1, a 17 kDa Ole e 1-like trypsin inhibitor 
from the pollen of plantain Plantago lanceolata; 
Urticaceae family: rPar j 2, a 14 kDa lipid transfer 
protein (LTP) from the pollen of wall pellitory Parietaria 
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Table 1  Important allergen components families involved in cross-reactivity between aeroallergens and food allergens[9,11,12,20]

  Allergen components families 
  (sensitivity to heat and proteases)

Examples of relevant allergen components involved (allergen sources)

  PR-10 proteins, Bet v 1 homologues
  (sensitive to heat and digestion) 

Bet v 1, Aln g 1 (tree pollen)
Mal d 1, Pru p 1, Api g 1, Gly m4 (fruits, vegetables, legumes)

  Profilins, Bet v 2 homologues
  (sensitive to heat and digestion)

Bet v 2, Ole e 2 (tree pollen), Che a 2, Art v 4, Amb a 8 (weed pollen)
Api g 4, Dau c 4, Pru p 4, Cuc m 2, Mus xp 1, Sin a 4 (vegetables, fruits, seeds)

  Lipid transfer proteins 
  (stable to heat and digestion)

Pla a 3, Ole e 7, Art v 3, Amb a 6 (tree and weed pollen)
Api g 2, Pru p 3, Cuc m LTP, Mus a 3, Sin a 3 (vegetables, fruits, seeds)

  Tropomyosins 
  (stable to heat and digestion)

Der p 10, Bla g 7 (house dust mites, insects) 
Pen m 1, Myt e 1 (crustaceans, mollusks)

  Serum albumins 
  (fairly sensitive to heat and digestion) 

Fel d 2, Can f 3, Equ c 3 (cat, dog and horse serum albumins)
Bos d 6, Sus s 6 (bovine and porcine serum albumins)
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apricot Pru ar 1, plum Pru c 1, peach Pru p 1, cherry 
Pru av 1), Betulaceae (hazelnut Cor a 1.0101 with 50% 
identity to Bet v 1), and Apiaceae (PR-10 proteins with 
40%-50% identity to Bet v 1: carrot Dau c 1, celery 
Api g 1). Less than 25% of patients with this syndrome 
are sensitized to the panallergen Bet v 2 (birch profilin), 
its contribution to symptoms being unclear. Bet v 1 
homologues and profilins, incriminated in the birch-plant 
foods syndrome, are denatured by high temperatures 
and by gastric enzymes[20,25,34-37].

The birch pollen-hazelnut association is a Betula 
pollen-associated food allergy to hazelnuts, with Cor 
a 1-reactive T cells and specific IgE cross-reactive to 
Bet v 1[38]. This type of hazelnut (Corylus avellana) 
allergy occurs in adults with pollinosis to Betulaceae 
trees/shrubs, and manifests mainly as an oral allergy 
syndrome, due to an extensive cross-reactivity bet
ween the labile hazelnut Cor a 1.04 and birch pollen 
Bet v 1 allergen components. In contrast, children 
predominantly exhibit sensitisation to hazelnut storage 
proteins, Cor a 9 and Cor a 11, which is unrelated 
to birch pollen allergy, and had more severe clinical 
manifestations on consumption on raw and processed 
hazelnuts. In the absence of a cure, avoidance remains 
the key measure of effective management, especially in 
patients with severe symptoms[39].

The most common tree pollen-fruit cross-reactivity 
is represented by the birch-apple syndrome[11,40]. IgE 
antibodies formed against either Bet v 1, the birch 
pollen PR-10 allergen, or Mal d 1, the apple allergen, 
cross-react and give rise to sensitivity to both birch and 
apple. Moreover, patients with oral allergy syndrome to 
apple have a higher Bet v 1-induced T cell proliferation 
compared with those monosensitized to birch pollen 
without food allergy[12,41].

Interestingly, soy allergen component Gly m 4 also 
belongs to the PR-10 protein family, and in birch pollen-
allergic patients, the combination of IgE sensitization to 
Gly m 4 and intake of large amounts of mildly processed 
soy, like soy drinks, may induce a severe allergic reac
tion[12].

The birch-apple-carrot association is another possible 
cross-reaction in patients with birch pollen and food 
allergy, in which IgE-mediated systemic allergic reaction 
to both apple and carrot, in both fresh and cooked form, 
is reported[42]. The birch-Apiaceae syndrome is seen 

judaica; Amaranthaceae/Chenopodiaceae family: 
rChe a 1, a 24 kDa trypsin inhibitor from the pollen of 
goosefoot Chenopodium album and nSal k 1, a 43 kDa 
protein belonging to the pectin methylesterase family 
from the pollen of saltwort Salsola kali. Art v 6 (pectate 
lyase) plays an important role in mugwort allergy and 
the cross-reactivity between Art v 6 and Amb a 1 is 
frequent, bidirectional, and clinically relevant.

Many cross-reactive allergen components are 
involved in pollen-food syndromes and associations, 
such as plant panallergen profilins (actin-binding proteins 
with roles in the dynamic turnover and restructuring 
of the actin cytoskeleton), PR-10 proteins (Bet v 1 
homologues), lipid transfer proteins (LTPs)[9,27,33], as 
presented in Table 2.

Tree/shrub pollen aeroallergens and food allergens of 
plant origin
Several cross-reactivities between tree, shrubs and 
lianas pollen and foods are described in patients with 
respiratory allergy. Trees and shrubs discussed below as 
a source of pollen cross-reactive with foods belong to 
different anemophilous plant families: Betulaceae (birch 
family), Oleaceae (olive family), Platanaceae (plane-
tree family), and Cupressaceae (cypress family). The 
temperate liana, vine Vitis vinifera, is also mentioned.

Regarding the birch-fruit-vegetable-syndrome, 
about 70% of birch pollen-allergic patients develop 
symptoms of allergy to plant foods, most frequently 
involved being Rosaceae fruits (mainly apple), nuts 
(especially hazelnut), and vegetables from the Apiaceae 
family (mainly celery and carrot). Pollinosis precedes 
the symptoms of food allergy, which, in the majority 
of cases, is limited to the oropharynx as oral allergy 
syndrome, occuring when eating raw food. The main 
allergen component involved in more than 90% of 
patients with birch pollinosis-associated food allergies, 
is Bet v 1, a pathogenesis-related PR-10 protein, which 
is cross-reactive with its homologous in these foods. 
Bet v 1 homologues represent major allergens in pollen 
of trees and shrubs from the order Fagales (including 
the Betulaceae and Fagaceae families), but can also 
be found in many allergenic foods belonging to the 
botanical families Rosaceae (50%-60% identity to Bet 
v 1 for the Maleae tribe PR-10 proteins: apple Mal d 
1, pear Pyr c 1, and Amigdaleae tribe PR-10 proteins: 
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Table 2  Significant syndromes and associations due to cross-reactivity between aeroallergens and food allergens of plant origin[9,11]

  Syndrome or association (sensitivity to heat and proteases) Relevant allergen components involved (allergen sources)

  Birch-apple syndrome Bet v 1 homologue Mal d 1
  Cypress-peach syndrome Pru p 3 non-specific lipid transfer protein (nsLTP)
  Celery-mugwort-spice syndrome Art v 4 profilin, Art v 60 kDa homologue to Api g 5
  Mugwort-peach association Art v 4 profilin, Art v 3 LTP
  Mugwort-chamomile association Art v 1 defensin (possible candidate)
  Mugwort-mustard syndrome Art v 3 LTP, Art v 4 profilin, Art v 60 kDa (possible candidates)
  Ragweed-melon-banana association Amb a 6 LTP, Amb a 8 profilin (possible candidates)
  Goosefoot-melon association Che a 2 profilin (possible candidate)

Popescu FD. Cross-reactivity between aeroallergens and food allergens
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mainly in central Europe, and the typical clinical picture 
is oral allergy syndrome, which occurs when raw foods 
are ingested. This food allergy to Apiaceae is secondary 
to pollinosis and is due to the presence in these foods 
of Bet v 1 homologues (Api g 1, Dau c 1), and less 
frequently to profilins[34].

IgE sensitization patterns to different cross-reactive 
allergen components are variable according to climate 
and eating habits. In the Western Mediterranean 
region, allergies to Rosaceae fruits are caused by 
monosensitization to profilin, monosensitization to LTP, 
or co-sensitization to both these allergen molecules. 
In Northern and Central Europe, monosensitization to 
PR-10 and, to a lesser degree, co-sensitization to profilin 
and PR-10, is dominant. LTP sensitization is present 
both in pollinosis and non-pollinosis patients, and is 
associated with peach allergy in particular. The disease 
pattern for patients sensitized to profilin is characterized 
by several concomitant allergies, including grass pollen, 
Rosaceae and non-Rosaceae fruits. Sensitization to 
PR-10 is primarily associated to concomitant birch pollen 
and apple allergy[43]. In a birch endemic area in Western 
Europe, both mild and anaphylactic apple-allergic 
patients are sensitized to PR-10 proteins, whereas only 
a few of the mild local and none of the anaphylactic 
apple-allergic patients is sensitized to LTP. In contrast, 
anaphylactic hazelnut-allergic patients display no such 
clear sensitization pattern: few are sensitized to both 
PR-10 proteins and hazelnut LTP, and others to only 
LTP or to only PR-10 proteins, or to neither PR-10 
proteins, nor LTP[44]. Bet v 1 sensitization is associated 
to concomitant birch pollen rhinoconjunctivitis and oral 
allergy syndrome to Rosaceae fruits in patients from 
the Southeastern-Central Europe, in a sylvosteppe area 
with low density forests[45]. In East-Central Europe, 
in patients with birch pollen allergy with associated 
food allergy, IgE sensitization to Bet v 1 is frequently 
associated with food allergy to fruits from Rosaceae 
family. Bet v 2 profilin may be involved in cross-
reactivity with non-Rosaceae plants, such as Apiaceae/
Umbelliferae vegetables[46].

Immune tolerance induction in the birch-apple 
syndrome was evaluated in several studies. In patients 
with oral allergy to apple, tolerance can be safely 
induced with slowly, gradually increasing consumption 
of apple, but relapse after consumption discounting 
and absence of immunologic changes suggest it is 
only transient[47]. Allergy immunotherapy is clearly 
effective for birch pollen allergy, but its efficacy on apple 
allergy is still controversial. Some patients treated with 
subcutaneous or sublingual immunotherapy develop 
complete tolerance to apple. Pre-treatment evaluation 
of patients using molecular allergy diagnosis tools and 
choosing the appropriate immunotherapeutical doses of 
birch pollen allergen extract is important[40,48]. Although 
most patients became re-sensitized to apple over time, 
many of them are still able to tolerate eating apple at a 
30-mo follow-up visit[49]. Pollen immunotherapy has also 
a positive impact on oral allergy syndrome to hazelnut in 

birch pollen-allergic patients, but the amount of hazelnut 
tolerated is small, the effect remaining limited[50].

In the cross-reactive olive pollen-fruit syndrome 
the main fruits involved are peach Prunus persica, 
pear Pyrus communis, melon Cucumis melo and kiwi 
fruit Actinidia deliciosa. Sensitization to the LTP Ole e 
7 is associated with more severe clinical symptoms 
in patients who had anaphylaxis, while to the profilin 
Ole e 2 in most oral allergy syndrome cases. Cross-
reactivities between profilins (Ole e 2, Pru p 4, Pyr c 4, 
Cuc m 2, Act d 9) and LTPs (Ole e 7, Pru p 3, Pyr c 3, 
Cuc m LTP, Act d 10) are involved in the olive pollen–
fruit syndrome. The glucanase Ole e 9 is an allergen 
component candidate for an important role in pollen-
latex-fruit syndrome in patients allergic to olive pollen. 
Beta-glucanases are also present in latex Hevea 
brasiliensis (Hev b 2) and banana (Mus xp 5). Other 
cross-reactive allergens involved in pollen-latex-fruit 
syndrome are profilins from olive pollen (Ole e 2), latex 
(Hev b 8), ananas (Ana c 1), banana (Mus xp 1) and 
kiwi (Act d 9), and superoxide dismutases from olive 
pollen (Ole e 5) and latex (Hev b 10)[51].

In the ficus-fruit syndrome, allergic reactions to fresh 
or dried figs (Ficus carica) or other tropical fruits, which 
may be presented as anaphylaxis, are a consequence 
of primary sensitization to airborne ornamental Ficus 
benjamina allergens, independent of sensitization to 
rubber latex allergens. Cross-reactive ficus allergen 
component ficin (Fic c Ficin) belongs to the family of 
cystein proteases present also in kiwi fruit Actinidia 
deliciosa (Act d 1), pineapple Ananas comosus (Ana c 
2), papaya Carica papaya (Car p 1). Figs may also be 
involved in the latex-fruit syndrome[52,53].

The Platanus pollen-fruit/vegetables association is 
a cross-reactivity entity observed among plane tree 
Platanus acerifolia pollen and plant-derived food allergic 
patients. There is an important cross-reactivity between 
the pollen of plane tree, hazelnut and banana fruit, and 
an intermediate cross-reactivity with celery and peanut. 
Other fruits and vegetables may also be mentioned. The 
cross-reacting LTPs may be involved, being present in 
Platanus acerifolia pollen (Pla a 3), but also in hazelnut 
Corylus avellana (Cor a 8), banana Musa acuminata (Mus 
a 3) fruit, peach (Pru p 3), celery Apium graveolans (Api 
g 2), peanut Arachis hypogaea (Ara h 9). It appears 
that neither profilin Pla a 8, nor the two major allergens 
invertase inhibitor Pla a 1 and polygalacturonase Pla a 2 
can be the cause for the strong cross-reactivity[54-57].

In the cypress-peach syndrome, allergic crossrea
ctions between cypress pollen and peach have been 
reported, including oral allergy syndrome. Profilins (Cup 
s 8, Pru p 4) or thaumatins (Cup s 3, Pru p 2) could 
not explain the observed clinical association between 
cypress pollen and peach. Pru p 3-like non-specific LTPs 
are involved in the syndrome[11,58].

Other rarer cross-reactive associations are those 
between date-palm (Phoenix dactylifera) pollen and 
vegetal foods manifested as oral allergy syndrome[59] 
and between Vitis vinifera vine pollen eliciting seasonal 
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rhinoconjunctivitis and asthma with subsequent food 
allergy to grapes[60], in both the cross-reacting proteins 
are still not well established.

Grass pollen aeroallergens and food allergens of plant 
origin
Profilins are highly cross-reactive allergen components 
which bind IgE antibodies of almost 20% of plant-
allergic patients. Grass pollen is cross-reactive with 
some foods in patients with oral allergy syndrome. The 
Bermuda grass Cynodon dactylon pollen profilin (Cyn d 
12) has substantial cross-reactivity with profilins from 
tomato Solanum lycopersicum (Sola l 1) and cantaloupe 
Cucumis melo (Cuc m 2)[3,61]. 

Although several patients with oral allergy syndrome, 
urticaria, angioedema, gastrointestinal or anaphylaxis 
symptoms after ingestion of products containing wheat 
or maize flour were reported in patients suffering from 
respiratory allergy to grass pollens, cross-reactivity 
among cereal grains and grass pollen is generally 
considered clinically insignificant. Beta-expansin 11 
(EXPB11), a homologue of the major allergen of timothy 
grass pollen, Phl p 1, may bear a high cross-reactive 
potential in patients who suffer from both food allergy 
and pollinosis[62,63].

Hypersensitivity reactions to Navajo ceremonial use 
of oral corn pollen in native Americans were previously 
described[64], and recently a case of corn silk (Stigma 
maydis) infusion (traditional herbal medicinal product) 
and Poaceae pollen allergy was reported[65].

Weed pollen aeroallergens and food allergens of plant 
origin
Allergenic weeds with pollen involved in respiratory 
sensitization followed by food allergy due to cross-
reactive allergen components can be found in the plant 
families of Asteraceae/Compositae (mugwort Artemisia 
vulgaris, ragweed Ambrosia artemisiifolia var. elatior), 
Urticaceae (pellitory Parietaria officinalis), Amarantha­
ceae/Chenopodiaceae (goosefoot Chenopodium album), 
Plantaginaceae (plantain Plantago lanceolata), and 
Cannabaceae (hop Humulus japonicus)[9,66].

In the celery-birch-mugwort-spices syndrome, pati
ents IgE-sensitized to Betula and Artemisia spp pollen 
present food allergy to celery, other vegetables and 
spices, due to several cross-reactive allergen com
ponents, including Bet v 1 homologs, profilins and high 
molecular weight allergens of 40-60 kDa. The Bet v 1 
homologs, Api g 1 (celery) and Dau c 1 (carrot), are 
responsible for the association between birch pollinosis 
and Apiaceae allergy, as no Bet v 1-homologous proteins 
are found in mugwort pollen. Thus, the celery-birch 
association only involves species from the Apiaceae 
family, whereas the celery-birch-mugwort syndrome 
comprises additional botanical families. Associated 
allergy to Amaryllidaceae family foods and spices is 
rare[9,34].

The well-known celery-mugwort-spice syndrome 
consists of respiratory sensitization to mugwort Artemi­

sia vulgaris and IgE cross-reactive reactions to foods 
belonging to Apiaceae/Umbelliferae family: celery 
(Apium graveolans), carrot (Daucus carota), parsley 
(Petroselinum crispum), caraway seeds (Carum carvi), 
fennel seeds (Foeniculum vulgare), coriander seeds 
(Corinadrum sativum), aniseed (Pimpinella anisum); 
Amaryllidaceae family: garlic (Allium sativum), onion 
(Allium cepa), leek (Allium porrum); Solanaceae family: 
paprika (Capsicum annuum); and Piperaceae family: 
pepper (Piper sp). The number of allergen sources 
involved, the nature of the allergen components, and 
influencing factors, such as climate and dietary habits, 
make the celery-birch-mugwort-spice syndrome a 
clinical entity of high complexity[9]. Complicated cases 
may associate curry spice allergy with pollen-food 
allergy syndrome and latex fruit-syndrome[67]. Cross-
reactivity between profilins of mugwort pollen (Art v 
4) and Apiaceae foods, such as celery (Api g 4), carrot 
(Dau c 4) and spices, are involved in the pathogenesis 
of this celery-mugwort-spice syndrome[9]. Moreover, 
the mugwort-fennel-allergy-syndrome is associated 
with sensitization to an allergen homologous to Api g 
5, a high molecular weight glycoprotein flavoprotein, 
Foe v 5, with function of flavin adenine dinucleotide-
linked oxidoreductase. An Api g 5-like protein was 
also identified in carrot. This 60 kDa fennel allergen, 
highly homologous to Api g 5, may be involved in the 
mugwort-celery-spice syndrome, being cross-reactive 
with Art v 60 kDa allergen component from mugwort 
pollen[68,69].

The mugwort-mustard allergy syndrome describes 
the association of mugwort pollinosis with several 
botanically unrelated plant-derived foods allergy from 
the Brassicaceae/Cruciferae family: white mustard 
(Sinapis alba), Indian mustard (Brassica juncea), 
cabbage (Brassica oleracea var. capitata), broccoli 
(Brassica oleracea var. italica), cauliflower (Brassica 
oleracea var. botrytis), and possibly from the Fabaceae/
Leguminosae family: peanut (Arachis hypogaea), and 
Rosaceae family: almond (Prunus dulcis). Mustard 
is sometimes a masked allergen in processed foods, 
and food allergy symptoms vary from oral allergy 
syndrome to anaphylaxis. Although the causative cross-
reactive allergen components have not yet been clearly 
identified, the possible candidates are LTPs (Art v 3, 
Sin a 3), profilins (Art v 4, Sin a 4) and high molecular 
weight allergens, such as Art v 60 kDa[9].

In the mugwort-peach association, the cross-reactive 
allergen components involved are LTPs (Art v 3, Pru p 
3) and profilins (Art v 4, Pru p 4)[9]. This cross-reactivity 
association appears in a limited group of patients from 
Southern Europe, in which Art v 3 behaves as the 
primary sensitizing allergen, although Pru p 3-associated 
peach allergy is a food allergy driven by primary sensi
tization to peach in the Mediterranean region. The 
Rosaceae fruits allergens cross-react with mugwort 
allergens in the mugwort-peach association[70]. A similar 
group of patients was reported recently in Northern 
China, in which the food peach LTP allergy originates 
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from primary sensitization to cross-reactive pollen 
allergen component Art v 3. The pattern of geographical 
distribution of this mugwort-peach association may 
be explained by the dominant role of mugwort pollen 
exposure in some regions, which is similar to the 
importance of birch pollen exposure in Northern Europe[71].

An Asteraceae-lychee association was also reported 
in patients diagnosed with respiratory allergy to 
Artemisia vulgaris pollen and food allergy to sunflower 
seeds, who have subsequently presented anaphylaxis 
after the first ingestion of lychee fruit. Litchi chinensis is 
a tropical fruit belonging to the Sapindaceae family, in 
which Lit c 1 profilin, a 16 kDa allergen cross-reactive 
with Art v 4 profilin, was identified. Another allergen 
component of 70 kDa identified in lychee, and also 
present in mugwort pollen, is a possible new candidate 
for the cross-reactive mechanism in this clinical associa
tion[72].

In mugwort-chamomile association, respiratory IgE 
sensitization to mugwort Artemisia vulgaris is a primary 
risk factor for allergy symptoms up to anaphylaxis 
to ingestion of chamomile infusions. Some patients 
present positive conjunctival provocation tests with 
chamomile extract. German Chamomile (Matricaria 
chamomilla var. recutita) is a Southern European plant 
of the Asteraceae family, used frequently as herbal tea 
medical remedy. There is a high degree cross-reactivity 
between Matricaria chamomilla and Artemisia vulgaris 
pollen[73]. The candidate cross-reactive component 
proposed in mugwort-chamomile association is the 
Art v 1 defensin[11]. Bet v 1 homologues (Mat c 1) and 
high molecular weight allergens may also play a role, 
but not profilins. Patients sensitised to mugwort pollen 
sometimes present allergic reactions to chamomile, 
while most subjects allergic to chamomile are sensitized 
to mugwort. In clinical practice, the incidence and 
risks of this mugwort-chamomile association may be 
underestimated[74,75].

In mugwort-sunflower association, the food allergy 
was reported either manifested as anaphylaxis to 
consumption of sunflower-pollen contaminated commer
cial peeled sunflower seeds in a patient sensitized to 
Artemisia pollen, or as oral allergy syndrome after 
eating sunflower seeds in a patient with airborne allergy 
to particles of these seeds used as pet food for small 
animals, such as birds. Moreover, allergy to sunflower 
seeds may be associated with respiratory allergy to 
mugwort pollen[76]. Sunflower (Helianthus annuus) 
belongs to the family of Asteraceae. Its pollen allergen 
component Hel a 4 is an Art v 1-like allergen, while Hel 
a 3 LTP and Hel a 2S albumin are present in seeds[77-79].

Clinical cases of severe allergic reactions, mostly 
anaphylaxis, to ingestion of bee products, containing 
pollen grains of Compositae plants, in patients with 
respiratory allergy to Asteraceae pollen, especially 
mugwort and ragweed pollen, were published, for honey, 
royal jelly and bee polen dietary supplements[80-83]. Cross-
reactivity between the pollen of wind-pollinated weeds 
and other Asteraceae insect-pollinated plants is a major 

mechanism of bee product-induced allergic reactions, 
likely attributable to several contained pollen allergen 
components, including profilins, polcalcins, and LTPs. 
Bee products may contain not only pollen from insect-
pollinated plants, but also from wind-pollinated trees or 
herbaceous plants that grow in the same area, resulting 
in systemic allergic reactions after accidental ingestion 
of these airborne pollen grains[81].

The ragweed-melon-banana association is present 
in patients with respiratory allergy to ragweed Ambrosia 
artemisiifolia experiencing food allergy, usually oral 
symptoms, when eating various members of the 
Cucurbitaceae family: watermelon (Citrullus lanatus 
subsp. vulgaris), netted muskmelon/cantaloupe 
(Cucumis melo var. cantalupo), honeydew melon 
(Cucumis melo var. inodorus), zucchini (Cucurbita 
pepo), cucumber (Cucumis sativus); and Musaceae 
family: banana (Musa x paradisiaca) fruit. The possible 
cross-reactive allergen candidates involved in ragweed-
melon-banana association are profilins (Amb a 8, Cit la 
2, Cuc m 2, Cuc p 2, Cuc s 2, Mus xp 1) and LTPs (Amb 
a 6, Cuc m LTP)[9,84]. Another possible cross-reactivity 
between Ambrosia pollen and other plants from the 
Asteraceae family recommends not to administer 
Echinacea botanical supplements in patients allergic to 
ragweeed[85].

In the pellittory-pistachio association, several cross-
reacting proteins were suggested using in vitro 
methods. IgE sensitization to pistachio (Pistacia vera) 
is common in Parietaria weed pollen allergy. Pistachio 
nuts, belonging to the family of Anacardiaceae, are widely 
used to produce ice creams, cakes, and mortadella, 
or are simply eaten roasted. Oral allergy syndrome to 
pistachio was reported in adult and child patients with 
Parietaria pollinosis. Minor injuries of the oral mucosa 
due to pistachio shells may enhance local allergic 
responses[9,86]. Furthermore, different members of the 
Anacardiaceae family (pistachio, mango, and cashew) 
have been mentioned to share common allergens[87].

The plantain-melon association represents the clus
tering of allergy to melon Cucumis melo and plantain 
Plantago lanceolata, respiratory sensitization to plantain 
pollen being important in Australia and Mediterranean 
countries. Several distinct proteins of 14 and 31 kDa, 
and a spectrum of proteins migrating between 40 and 
70 kDa were discussed as cross-reactive allergens[9]. 
Moreover, the seeds of Plantago ovata (psyllium, 
ispaghula) used in the manufacture of bulk laxatives 
may cause occupational respiratory allergy in health 
care and pharmaceutical workers. Cases of anaphylaxis 
were reported after ingestion of laxatives or breakfast 
cereals containing Plantago ovata seeds, in most of 
those subjects sensitization occurring previously by 
inhalation of seed dust. In addition, immunologic cross-
reactivity between Plantago ovata seed and Plantago 
lanceolata pollen is possible[88].

The goosefoot-melon association or the goose
foot-fruit association was revealed in several cases of 
patients with pollen allergy to Chenopodium album 
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(allergenic weed of the Amaranthaceae/Chenopodiaceae 
family), who displayed oral allergy syndrome after 
eating fresh fruits, such as melon, banana and peach. 
The panallergen profilins (Che a 2, Mus xp 1, Pru p 4) 

might play a role in goosefoot IgE cross-reactivity[9]. 

The risk for Russian thistle-saffron association is due 
to the possible cross-reactivity between Salsola and 
saffron, keeping in mind the use of saffron as a Crocus 
sativus flower-derived spice and the reported flower 
sensitization in saffron workers[9].

Finally, a hop-celery association is mentioned for 
Japanese hop (Humulus japonicus) pollinosis with 
allergy to another representative of the Cannabaceae 
family, the common hop (Humulus lupulus), and to the 
unrelated celery (Apium graveolans), with no significant 
associations with ragweed or mugwort pollen[9,89].

CROSS-REACTIVITY BETWEEN 
AEROALLERGENS OF FUNGAL ORIGIN 
AND FOOD ALLERGENS 
Respiratory allergy to environmental molds is relatively 
common, fungi representing a prominent source of 
aeroallergens[90]. Alternaria alternata is one of the 
most common molds associated with allergic diseases, 
and 80% of Alternaria-sensitive patients produce IgE 
antibodies to Alt a 1, a major allergen with an unique, 
dimeric beta-barrel structure. Alt a 1 and homologous 
proteins are characteristic for the Dothideomycetes 
class of ascomycetes[91]. 

The Alternaria-spinach syndrome, in which Alt a 1 
is mentioned as an involved allergen component (Table 
3), was recently recognized[11]. This cross-reactivity 
between aeroallergens from fungi imperfecti and 
allergens from spinach and mushroom Agaricus bisporus 
as foods is mentioned. In the first report of anaphylaxis 
to spinach and concomitant oral allergy syndrome 
to mushrooms, cross-reactivity was suggested to be 
due to common epitopes[92]. A further study identified 
the cross-reactive 30 kDa protein, probably the Alt a 
1 allergen component, present both in spinach and 
mushroom extracts[93]. This syndrome is different from 
another possible association between IgE sensitization 
to mannitol, naturally present in cultivated mushrooms 
and pomegranate, and anaphylaxis to this sugar alcohol 
as a drug excipient[94].

In addition, non-fatal anaphylaxis was reported after 
mycoprotein burger eating, in a young female patient 

with respiratory IgE-allergy to Alternaria alternata, 
the edible mycoprotein being produced from the fun
gus Fusarium venenatum. Cross-reactivity studies 
revealed that it shares allergenic determinants with 
Alternaria alternata and Cladosporium herbarum[95]. 
Sensitization to mold allergens via the respiratory tract 
and subsequent oral ingestion of cross-reactive fungal 
proteins may lead to severe food-allergic reactions, 
such as those caused by Fusarium venenatum acidic 
ribosomal protein P2 allergen[96]. An unusual case 
of fatal anaphylaxis was also reported due to heavy 
mold contamination of a pancake mix with Fusarium, 
Penicillium, Mucor, and Aspergillus spp, in a teenager 
allergic to molds[97]. It is also possible that bee products, 
such as bee pollen supplements, to be contaminated 
with fungi such as Aspergillus and Cladosporium spp, 
and may cause severe allergic reactions in patients 
sensitized to these molds[81].

Moreover, yeasts should be considered as possible 
ingestive allergens in mold-allergic patients. A patient 
with a clustered respiratory IgE sensitization to fungi 
(Alternaria alternata, Cladosporium herbarum, Asper­
gillus fumigatus, and Penicillium notatum) and baker’s 
yeast (Saccharomyces cerevisiae), developed multiple 
anaphylactic reactions after ingesting pasta yeast sauces 
containing cross-reacting fungal allergens[98].

CROSS-REACTIVITY BETWEEN 
AEROALLERGENS OF ANIMAL ORIGIN 
AND FOOD ALLERGENS 
Aeroallergens of animal origin, such as those from 
domestic arthropods (house dust mites, cockroaches) 
and pets are usual indoor allergens involved in aller
gic rhinitis and asthma, along with indoor fungal 
aeroallergens from certain molds. Spending more time 
in areas inside buildings (homes, workplaces, schools, 
and indoor public spaces) creates conditions for more 
exposure to multiple indoor aeroallergens[99]. Examples 
of syndromes due to cross-reactivity between inhaled 
allergens of animal origin and food allergens are 
presented in Table 3. Other data from case reports 
defining rare or distinct associations are also discussed 
below, but are not simplistic put in the table as general 
rule for clinical practice.

Aeroallergens and food allergens of invertebrate animal 
origin
Dust mites are the most common indoor environmental 
cause of respiratory allergies. The main sources of 
allergens in house dust worldwide are the mite species 
belonging to the phylum of Arthropoda, class Arachnida, 
subclass Acari), order Astigmata. The most important 
house dust mites are those from the Pyroglyphidae 
family, especially Dermatophagoides pteronyssinus and 
Dermatophagoides farinae. Pyroglyphid mites are highly 
cross-reactive, but have limited cross-reactivity with 
Blomia tropicalis, mite species from Echimyopodidae 
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  Syndrome or association Relevant allergen components involved

  Alternaria-spinach syndrome Al t a 1 
  Mite-shrimp syndrome Der p 10 tropomyosin
  Cat-pork syndrome Fel d 2 cat serum albumin
  Bird-egg syndrome Gal d 5 alpha-livetin (chicken serum 

albumin)
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family significant for tropical/subtropical regions, or with 
other storage mites from Acaridae and Glycyphagidae 
families[100,101].

Patients sensitized to house dust mites can be 
classified according to their pattern of sensitization into 
those sensitized only to the major allergens from group 
1 and group 2 allergens of pyroglyphid mites, and those 
with a broader profile of sensitization, including highly 
cross-reactive allergens, the most important being 
tropomyosin, belonging to the group 10 allergens[102].

Allergic reactions to edible invertebrates can generate 
a variety of clinical manifestations ranging from mild 
oral allergy syndrome, urticaria and/or angioedema, to 
severe anaphylaxis. Although cross-reactivity between 
dust mites and invertebrates consumed as food is 
demonstrated, sometimes there is a poor correlation of 
IgE reactivity and clinical symptoms[103].

Edible invertebrates are represented mostly by 
shellfish (culinary term for exoskeleton-bearing aquatic 
invertebrates, such as crustaceans and mollusks) and 
less by edible insects (in some parts of the world). 
Although most kinds of shellfish are aquatic inverte
brate animals from saltwater environments (seafood), 
some are harvested from freshwater, and, in addition, 
few species of land snails and crabs are also edible 
invertebrates. Crustaceans are classified among arthro
pods, together with arachnids (including house dust 
mites) and insects, whereas mollusks include bivalves, 
cephalopods and gastropods. Shellfish is one of the 
leading causes of food allergy in adults and is a common 
cause of food-induced anaphylaxis. Most frequent 
causative types of shellfish are shrimp, crab, lobster, 
clam, oyster and mussel. Specific invertebrate seafood 
allergy can reflect regional consumption of particular 
species. It is also important to differentiate shellfish 
toxic syndromes frequently masquerading as an allergic 
reaction[104].

The house dust mites-crustaceans-mollusks synd
rome is a relatively rare variant of food allergy in which 
the house dust mites are the primary IgE sensitising 
agents, while shellfish can induce food allergy, up to 
anaphylaxis, even at first ingestion[23]. In the more usual 
mite-shrimp syndrome, the typical allergen component 
mentioned is tropomyosin Der p 10[11]. Allergenic 
molecules involved in shellfish allergy are cross-reactive 
with allergen components from house dust mites, 
especially certain proteins with a role in muscular 
contraction. Cross-reactivity with species that are not 
closely related is common in shellfish-allergic patients, 
some seafood allergens being widely distributed 
invertebrate panallergens[105]. Tropomyosin was the first 
identified allergen involved in cross-reactivity between 
Dermatophagoides pteronyssinus mite, shrimp and 
insects[106] and it is still considered a major shellfish 
allergen frequently responsible for clinical cross-
reactivity with inhaled house dust mites[107]. Besides 
been assumed to be a major cause of cross-reactivity 
between astigmatid mites and other invertebrates, 
tropomyosin may be a major cause of covariation of 

sensitization between house dust mites, crustaceans, 
and some species of insects and mollusks[22]. Allergenic 
tropomyosins are highly conserved muscle proteins 
found in invertebrates, such as arachnids (house dust 
mites), insects (cockroaches), crustaceans (shrimp, 
prawn, lobster, crawfish, crab), and mollusks (mussel, 
oyster, squid, cuttlefish, octopus, abalone, limpet, snail), 
therefore being considered panallergens. In contrast 
to invertebrate tropomyosin, vertebrate tropomyosins, 
such as those from beef, pork, rabbit or chicken, are not 
allergenic[104,108].

Tropomyosins are a large family of alpha-helical 
proteins that form a coiled-coil structure of two parallel 
helices containing two sets of seven alternating actin-
binding sites, playing a critical role in regulating the 
function of actin filaments. Tropomyosins are present 
in all eukaryotic cells, associated with the thin fila
ment in muscle and microfilament in many nonmuscle 
cells, being involved in the contractile activity of these 
cells, and also in helping regulation of cell morphology 
and motility. As panallergens, these are resistant to 
heat, low gastric pH and gastroenteric peptidase, 
therefore their allergenicity is maintained in cooked and 
digested foods, causing allergic systemic reactions up 
to anaphylaxis. Natural tropomyosin has an average 
molecular weight of 37 kDa. House dust mite group 10 
allergens are composed of 284 amino acids. Sequence 
identity within the house dust mite tropomyosins is 
higher than any other mite allergen. The Der p 10 
tropomyosin shares more than 65% identical residues 
with other invertebrate tropomyosins[22,109-111]. Regions 
adjacent to the positions 133-135 and 201 of the 
invertebrate tropomyosins present lower probability 
of alpha helix folding than those of vertebrates, and 
are candidates responsible for allergenicity[112]. There 
is a high cross-reactivity between house dust mite 
tropomyosins: Dermatophagoides pteronyssinus (Der p 
10), Dermatophagoides farinae (Der f 10) and Blomia 
tropicalis (Blo t 10)[22].

The prevalence of sensitization to tropomyosin 
among house dust mite-allergic patients, assessed 
using recombinant group 10 mite allergen components, 
varies with geographical area[22,113]. In many European 
countries, this sensitization prevalence to rDer p 10 
varies between 9%-18%[114]. Other studies revealed that 
sensitization rates to tropomyosin are found in higher 
rates (30%-55%) in subtropical or tropical regions, 
such as Australia or Central Africa. This variability 
can be explained by various exposure to sensitizing 
invertebrate allergens in different parts of the world[113]. 
The resulting IgE antibodies are able to cross-react 
with different tropomyosins, even with those which did 
not induce their production. For example, IgE antibody 
reactivity to a major food allergen, the cross-reactive 
brown shrimp tropomyosin, can occur in unexposed 
subjects (Orthodox Jews, with Kosher dietary laws that 
prohibit eating shellfish) with clinically significant allergy 
to house dust mites and/or cockroaches[21]. Another 
study revealed that half of the house dust mite-allergic 
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European patients with IgE sensitization to tropomyosin 
(Der p 10) have a history of clinically relevant cross-
reactivity reactions to eating seafood, the other half 
having no allergic reactions when consuming such 
edible invertebrates[107].

Cross-reactivity of tropomyosin allergens from house 
dust mites with crustaceans (subphylum Crustacea) is 
significant, mentioning decapods (order Decapoda) from 
the Penaeidae family: brown shrimp Farfantepenaeus/
Penaeus aztecus (Pen a 1), black tiger shrimp Penaeus 
monodon (Pen m 1), Indian prawn Fenneropenaeus/
Penaeus indicus (Pen i 1), whiteleg shrimp Litopenaeus 
vannamei (Lit v 1), sand shrimp Metapenaeus ensis (Met 
e 1); Crangonidae family: common shrimp Crangon 
crangon (Cra c 1); Pandalidae family: Northern shrimp 
Pandalus borealis (Pan b 1); Nephropidae family: 
European lobster Homarus gammarus (Hom g 1), 
American lobster Homarus americanus (Hom a 1); 
Palinuridae family: Chinese spiny lobster Panulirus 
stimpsoni (Pan s 1); Portunidae family: coral crab 
Charybdis feriata (Cha f 1), and Cambaridae family: 
red swamp crayfish Procambarus clarkii (Pro cl 
1)[22,104,115]. Cross-reactivity of tropomyosin allergens 
from house dust mites with mollusks (phylum Mollusca) 
is also reported, mentioning Bivalvia class mussels 
(Mytilidae family): blue mussel Mytilus edulis (Myt e 1), 
Mediterranean mussel Mytilus galloprovincialis (Myt g 
1), Asian green mussel Perna viridis (Per v 1), oysters 
(Osteridae family): Pacific oyster Crassostrea gigas (Cra 
g 1), scallops (Pectinidae family): scallop Mimachlamys 
nobilis (Mim n 1), razor clams (Solecurtidae family): 
constricted tagelus Sinonovacula constricta (Sin c 1); 
Gastropoda class abalones (Haliotidae family): disk 
abalone Haliotis discus hannai (Hal di 1), Japanese 
abalone Haliotis diversicolor (Hal d 1), turban snails 
(Turbinidae family): horned turban Turbo cornutus (Tur 
c 1), land snails (Helicidae family): brown garden snail 
Helix aspersa (Hel as 1); Cephalopoda class decapod 
arrow squids (Ommastrephidae family): Japanese flying 
squid Todarodes pacificus (Tod p 1), cuttlefish (Sepiidae 
family): golden cuttlefish Sepia esculenta (Sep e 1), 
and octopods (Octopodidae family): common octopus 
Octopus vulgaris (Oct v 1)[22,104,115,116]. In addition to 
tropomyosin, other muscle protein crustacean allergens 
involved in shellfish allergy and cross-reactivity with 
other invertebrates are arginine kinase and myosin light 
chain[117].

Arginine kinase, a 40-kDa enzyme involved in the 
storage of excess energy as arginine phosphate, is 
a potential new class of invertebrate panallergens, 
identified mainly in crustaceans, such as black tiger 
shrimp Penaeus monodon (Pen m 2), common shrimp 
Crangon crangon (Cra c 2), whiteleg shrimp Litopenaeus 
vannamei (Lit v 2), Chinese shrimp Fenneropenaeus 
chinensis (Fen c 2), snow crab Chionoecetes opilio 
(Chi o 2), mangrove mud crab Scylla serrata (Scy s 
2), Atlantic Horseshoe Crab Limulus polyphemus (Lim 
p 2), but also in mollusks: common octopus Octopus 
vulgaris (Oct v 2), ocellated octopus Octopus fangsiao 

(Oct f 2). These are cross-reactive with arginin kinase 
allergens from house dust mites (Der p 20, Der f 20, 
Blo t 20), cockroaches (Bla g 9, Per a 9) and moths, 
such as Indian-meal moth Plodia interpunctella (Plo i 1) 
and silk moth/silkworm larvae Bombyx mori (Bomb m 
1)[104,118-121].

Myosin light chain is a 20 kDa crustacean allergen 
identified in common shrimp Crangon crangon (Cra c 
5), brine shrimp Artemia franciscana (Art fr 5), black 
tiger shrimp Penaeus monodon (Pen m 3), whiteleg 
shrimp Litopenaeus vannamei (Lit v 3), American 
lobster Homarus americanus (Hom a 3), with potential 
cross-reactivity with aeroallergens from dust mite 
Dermatophagoides farinae (Der f 26) and German 
cockroach (Bla g 8)[104,120,122,123].

Paramyosin is a 103 kDa cross-rective muscle 
protein described in diverse invertebrates. Molluskan 
paramyosin is responsible for the “catch” mechanism 
that enables sustained contraction of muscles with very 
little energy expenditure. House dust mite allergen 
Der p 11 (paramyosin with 89% identity with Der f 11) 
presents significant homology with the paramyosin 
of mollusks: Mediterranean black Mussel Mytilus 
galloprovincialis (Myt g PM), Japanese Abalone Haliotis 
discus (Hal di PM), Horned Turban Turbo cornutus 
(Tur c PM), common Octopus Octopus vulgaris (Oct v 
PM)[116,120,124,125]. 

Amylase and haemocyanin are other allergens found 
in mollusks and are possibly involved in cross-reactivity 
with house-dust mite aeroallergens. Alpha-amylase Der 
p 4 may be involved in Dermatophagoides pteronyssinus 
cross-reactivity in gastropod allergy[22,116,126]. 

It is important to differentiate primary sensitization 
to pyroglyphid mite aeroallergens, with subsequent 
food allergy to edible invertebrates, from allergy to 
shellfish in patients not allergic to house dust mites. 
There is a profile of sensitization to shellfish in which 
tropomyosin is involved as a panallergen, with patients 
not tolerating several crustaceans and/or mollusks, 
selective sensitization to only one type of seafood being 
uncommon. Another profile has been also described 
in cases with house dust mites as primary sensitizing 
agents and selective allergy to mollusks or crustaceans, 
described for common European limpet (Patella vulg­
ata), terrestrial green garden snail (Helix spp) and 
Mediterranean spiny lobster (Palinurus elephas)[126,127]. 
The role of tropomyosin as a clear cause of cross-
reactivity is a matter of debate in some circumstances. 
Clinical cases of shrimp allergy without snail allergy in 
relation to house dust mites sensitization, and of allergy 
to snails without shrimp allergy in context of respiratory 
mite allergies, were reported, with the observation that 
in shrimp allergy the symptoms are mainly urticaria or 
angioedema, while in snail allergy the clinical picture is 
usually dominated by severe asthma[128].

Moreover, there seems to exist differences in mite-
shellfish cross-reactivity depending on climate. A recent 
study designed to identify which of the shrimp allergen 
molecules (tropomyosin, arginine kinase, sarcoplasmic 
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calcium-binding protein, actinins, aldolase, ubiquitin) 
are involved in mite-seafood cross-reactivity in two 
different climate populations, revealed that tropomyosin 
and ubiquitin are responsible for mite-seafood cross-
reactivity from both continental dry and humid climates, 
while alpha-actinin and arginine kinase are involved 
in dry- and humid-climate groups, respectively. Mites 
are the primary sensitizer in humid-climate, while 
shrimps in the continental dry-climate population[129]. 
Patients sensitized to tropomyosin Der p 10 usually are 
sensitized to several other house dust mite allergen 
components besides the major allergens (Der p 1, Der 
p 2), whereas Der p 10-negative patients are primarily 
sensitized to Der p 1 and/or Der p 2. Therefore, Der 
p 10 may be a diagnostic biomarker for mite-allergic 
patients with additional sensitization to allergens other 
than Der p 1 and Der p 2, such patients requiring more 
attention when immunotherapy with allergen extracts is 
considered[130].

Because allergy immunotherapy with house dust 
mites extracts is an effective method of treating 
respiratory allergy, and most of the currently available 
extracts for subcutaneous or sublingual route of ad
ministration contain high concentrations of group 1 
and 2 allergens, but may also contain lower concen
trations of other sensitizing molecules, including group 
10 allergens, it is still unclear whether this type of 
treatment may induce clinically relevant sensitization to 
tropomyosin[113,131]. Some studies suggested that food 
allergy to shrimp or snail can worsen in some patients 
treated with subcutaneous immunotherapy. However, 
many patients already had mild allergic reactions to 
tropomyosin-containing foods before starting immu
notherapy, and a new sensitization was confirmed 
in only one patient[132,133]. Other studies revealed a 
lack of induction of new sensitization to tropomyosin 
during house dust mite injection or sublingual immuno
therapy[131,134]. Additional studies suggested that, apart 
from not inducing new sensitization to tropomyosin, 
house mite subcutaneous immunotherapy could have 
possible beneficial effects in patients with snail, squid 
or shrimp allergy[113,135]. Moreover, a recently published 
report presented a shrimp allergy case improved from 
anaphylactic symptoms observed before, to mild oral 
allergy syndrome after one year of sublingual mite 
immunotherapy with a known and relatively high dosage 
of tropomyosin[136]. Therefore, induction of clinically 
relevant sensitization to tropomyosin is an unlikely conse
quence of house dust mite immunotherapy, but since 
the risk of adverse allergic reactions to seafood needs 
to be closely monitored, levels of serum specific IgE 
to tropomyosins Der p 10 and Pen a 1 may be useful 
biomarkers[113].

From another point of view, there is a significant 
prevalence of occupational asthma in shellfish-proces
sing workers, and airborne shellfish exposure not 
only can cause symptoms in highly allergic subjects, 
but can also cause de novo sensitization. Symptoms 
may be limited to respiratory tract or may systemic, 

as in anaphylaxis[104,137]. Moreover, respiratory allergy 
to aquarium fish food (aquarium syndrome) is due to 
exposure to aeroallergens (either at work or as a hobby) 
from a variety of dried arthropod species, including 
common water fleas (Daphnia spp, crustaceans of the 
Daphniidae family), freshwater shrimps (Gammarus 
spp, crustaceans of the Gammaridae family), red midge 
larvae (Chironomus thummi, insect of the Chironomidae 
family), mosquito black larvae (Culex spp, insect of the 
Culicidae family), and segmented earthworms (Tubifex 
tubifex, annelid of the Naididae family). Variable degree 
of cross-reactivity between these arthropods with 
house dust mites, cockroaches and edible shrimps, was 
reported[137,138].

Oral mite anaphylaxis is a new syndrome charac
terized by severe allergic symptoms occurring immedia
tely after eating mite-contaminated foods, in patients 
with a previous history of house dust mite-allergic 
rhinitis and/or asthma. This type of food allergy to mite 
ingestion was reported in various countries, including 
the United States, Japan, Taiwan, Venezuela, Brazil and 
in Southern Europe, being more prevalent in tropical/
subtropical environments. Different mite species involved 
are house dust mites (Dermatophagoides pteronyssinus 
and Dermatophagoides farinae), and storage mites 
(Tyrophagus putrescentiae, Lepidoglyphus destructor, 
Blomia tropicalis etc.). Allergenic cross-reactivity between 
different domestic and storage mite species could explain 
why patients sensitized to house dust mites may present 
systemic reactions when exposed to storage mites by 
oral route. Mite-contaminated foods are usually prepared 
with wheat and/or corn flour, including pancakes, sponge 
cakes, pizza, pasta, bread, white sauce, beignets, corn
meal cakes, and polenta. Because exposure to low 
temperatures inhibits mite proliferation, it is recommended 
to store the flour in sealed containers in the refrigerator. 
Other foods that can be contaminated with mites when 
stored for long periods at ambient temperature are 
cheese, ham, chorizo, and salami[139]. In Japan, cases 
involving ingested okonomiyaki or takoyaki prepared 
at home were reported, due to mite-contaminated 
flavored flour, the okonomiyaki-mix or takoyaki-mix 
being previously opened and stored for months at room 
temperature[140]. It is suggested that thermoresistant 
mite allergens are involved in pathogenesis, because 
many cooked mite-contaminated foodstuffs are able to 
induce symptoms. A variety of this syndrome is the mite 
ingestion-associated exercise-induced anaphylaxis[141]. 
Patients with oral mite anaphylaxis present also an 
increased prevalence of nonsteroidal anti-inflammatory 
drugs (NSAIDs) hypersensitivity. Even no salicylates 
were detected in mite-contaminated wheat flour, the 
opisthonotal gland secretion from pyroglyphid mites 
contains salicylaldehyde analog 2-formyl-3-hydrobenzyl 
formate[142]. Moreover, intake of NSAIDs sometimes 
enhance immediate reactions in food-dependent exercise-
induced anaphylaxis[143], and salicylate hypersensitivity 
with reactions to salicylate food additives may occur in 
patients with cross-reactive NSAIDs hypersensitivity[144].
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Domestic cockroaches, especially Blattella germanica 
(German cockroach), are the most important urban 
indoor inhalant insect allergen sources. Major German 
cockroach allergens, Bla g 1 and Bla g 2, are cross-
reactive with similar American cockroach Periplaneta 
americana allergen components Per a 1 and Per a 2, 
respectively[145]. Molecular mimicry between cockroach 
Bla g 5 and helminth glutathione S-transferases pro
motes cross-reactivity and cross-sensitization[146]. 
Cockroaches also contain cross-reactive tropomyosin 
(Bla g 7), which indicates a risk for allergic reactions to 
shellfish or snail, which can be severe[12,103]. German 
cockroach allergen molecule Bla g 7 has cross-reacti
vity with tropomyosins from other cockroaches, such 
as American cockroach Periplaneta americana (Per 
a 7), but also from dust mites Dermatophagoides 
pteronyssinus (Der p 10), Dermatophagoides farinae 
(Der f 10), and ascarid nematodes Anisakis simplex (Ani 
s 3), Ascaris lumbricoides (Asc l 3)[22,147]. Recombinant 
Bla g 7 sensitization rate in German cockroach-allergic 
Korean patients is 16.2%[148]. Besides tropomyosin (Bla 
g 7), myosin light chain (Bla g 8) and arginine kinase (Bla 
g 9), hemocyanin is another cockroach aeroallergen 
(Bla g 3) cross-reactive with shellfish allergens, such 
as the one identified in giant keyhole limpet Megathura 
crenulata (Meg c Hemocyanin)[120,149,150]. 

An association between sensitization to arthropod 
aeroallergens and food allergy to edible insects is also 
possibile. The silkworm Bombyx mori is an important 
insect in the textile industry and its pupa are used 
in Chinese cuisine, being the most commonly eaten 
insect in China. The silk, urine and dander of silkworms 
are often the cause of allergies in sericulture workers, 
and silkworm pupa is known to be allergenic. Silkworm 
moth-sensitized patients with rhinoconjunctivitis and as
thma from Southern China are frequently concomitantly 
sensitized to other aeroallergens from relevant mites 
and cockroaches (Dermatophagoides pteronyssinus, 
Dermatophagoides farinae, Blomia tropicalis, Blattella 
germanica, Periplaneta americana). The silk moth 
allergen component Bomb m 1 is the significant cross-
reactive arginine kinase, similar to house dust mites 
and cockroaches allergenic molecules, the tropomyosin 
Bomb b 7 being probable less important[151-153].

Caterpillars are commonly eaten insects in Africa, 
ingested Mopane worm Imbrasia belina being reported 
as a cause of allergic anaphylaxis in a Zimbabwean 
adolescent with IgE sensitization to house dust mites 
and cockroaches (Dermatophagoides pteronyssinus, 
Dermatophagoides farinae, Blattella germanica), 
suggesting cross-reactivity due to glutathione trans
ferases (Der p 8, Der f 8, Bla g 5) or tropomyosin[154].

Infestation of food with insects is a different type 
of allergy described in Spain, lentil pest Bruchus lentis 
proteins being a cause of IgE-mediated rhinocon
junctivitis and asthma in patients eating or inhaling 
infested legume particles[155].

Cochineal red/carmine is a natural red color, used 
as food additive (E120, FDA 73.100) or pharmaceutical 

excipient, and obtained from the dried bodies of the 
female scale insect Dactylopius coccus, which contain 
dye protein residues attributed to IgE-mediated 
sensitization, food allergy, including anaphylaxis, and 
occupational asthma and rhinoconjunctivitis. Insect-
derived proteins possibly complexed with carminic acid 
may be responsible for carmine allergy, and a 38 kDa 
major allergen in cochineal extract was described as 
an insect phospholipase or related enzyme. Carmine 
insect allergens can act both via inhalation and diges
tion, inducing both respiratory allergy and alimentary 
allergy[156-159].

Aeroallergens and food allergens of vertebrate animal 
origin
Syndromes and associations related to clinical cross-
reactivity bewteen aeroallergens and food allergens of 
mammalian and avian origin are described below. 

Domestic mammals with fur kept as pets induce 
respiratory symptoms in allergic patients. The popularity 
of cats and dogs as pets put them among the most 
important sources of indoor allergens. In Europe and 
United States of America, at least one person in four 
is exposed every day to aeroallergens of mammalian 
origin, and almost everyone is occasionally exposed to 
inhalant allergens from pets or domesticated animals[160]. 
Specific Carnivora order pet allergen components are 
described for cat (Felis catus syn. Felis domesticus): Fel 
d 1, Fel d 4, and dog (Canis lupus familiaris syn. Canis 
familiaris): Can f 1, Can f 2, Can f 5[18,161,162]. 

Cross-reactive serum albumins (66-69 kDa) from 
mammals kept as pets or domestic animals are descri
bed as allergen components: cat Felis domesticus Fel d 
2, dog Canis domesticus Can f 3, horse Equus caballus 
Equ c 3, cattle Bos domesticus Bos d 6, pork Sus 
scrofa domestica Sus s 6, rabbit Oryctolagus cuniculus 
Ory c 6. Allergic sensitization to serum albumins can 
occur by inhalation as well as ingestion. These proteins 
are a major component in the circulatory system of 
mammals, contributing to colloid osmotic blood pressure 
and the transport of many ligands. As important aller
gen components, they are present in body fluids, 
including saliva, in meat, and on dander. IgE cross-
reactivity between inhaled (aeroallergens from pets 
or occupational settings) and ingested or systemically 
administered serum albumins must be considered in 
clinical practice[160,163-165].

The cat-pork syndrome consists primarily of IgE-
mediated respiratory symptoms following exposure to 
cat dander, and secondarily of food allergy symptoms 
after the ingestion of pork meat[166]. The first report 
on cat-allergic patients experiencing anaphylaxis to 
pork meat suggested cross-reactivity due to a 67 kDa 
protein[167], later on the sensitization to cat serum 
albumin being considered an useful biomarker of possible 
cross-sensitization not only to porcine serum albumin, 
but also to other mammalian serum albumins[168]. 
Despite being a dominant protein in dander, Fel d 2 
is a 67-kDa serum albumin regarded as a minor cat 
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allergen, about 15%-35% of cat allergic patients being 
sensitized to it. Only 1%-3% of cat-allergic patients 
seem to be at risk for food allergy to pork meat, under 
the circumstances that about a third of the subjects 
sensitized to porcine serum albumin are likely to present 
allergic reactions to pork consumption[160,165,168]. 

Although the term cat-pork syndrome seems to 
be appropriate because the sensitization to cat serum 
albumin represents the primary event in this cross-
reactivity entity, it is also frequently named pork-cat 
syndrome. Clinical picture varies from oral itching to 
anaphylaxis. Because albumin is a heat-labile protein, 
fresh meat or dried and smoked pork are more consis
tent triggers than well-cooked meat. Pork grilled 
meat, sausages, ham and pork ribs, hamburger or 
barbecue were mentioned as causative factors. Small 
amount of pork meat in a strip of bacon or cooked pork 
meat may be tolerated without severe reactions, as 
well as seasoned pork products, such as salami. Fatal 
anaphylaxis after eating wild boar meat was reported in 
a patient with pork-cat syndrome. Symptoms usually 
occur within 30-45 min after eating pork meat, and 
does not appear to be related to tick bites. In general, 
patients with pork-cat syndrome, neither react to beef, 
nor have serum evidence of sensitization. These aspects 
are helpful in differentiating from delayed food allergy 
to red meat, due to IgE antibodies to alpha-gal (galac
tose-alpha-1,3-galactose, a nonprimate mammalian 
oligosaccharide epitope), in patients with recent tick 
bite/bites (1-4 wk). These alpha-gal allergic patients 
present delayed anaphylaxis, angioedema or urticaria, 
3-6 h after eating red meat (beef, pork, lamb), but not 
chicken, turkey, or fish. Both cross-reactivity syndromes 
do not appear early in life, most reported patients are 
older than age of five years, with the majority being 
adults or adolescents[168-171]. 

Pig allergy was reported from the point of view of 
food sensitization, but also as occupational allergy. 
An unusual case of occupational asthma resulting 
from pork-cat syndrome was also recently described 
in a female patient having respiratory allergy with 
sensitization to cat dander, working at a grocery store 
selling cured meats (having the duty to cut pork bones), 
and presenting symptoms caused by inhalation. In 
this case cat dander was the primary sensitizer and 
sensitization to galactose-α-1,3-galactose, a source of 
cross-reactivity between meat and dander was ruled 
out[172]. Pig hair and dander are also important inducers 
of occupational allergies in farmers exposed in swine 
production. Moreover, popular uncommon pets include 
small pigs, mini-pigs, or teapot pigs[163]. 

Several other cross-reactivity associations between 
mammalian inhalant allergies with subsequent food 
allergy were also reported. A case of confirmed occupa
tional respiratory allergy due to pork was followed by 
food allergy to pork, and later by food allergy to chicken. 
Porcine and chicken hemoglobin were found to be cross-
reactive allergens. Although IgE cross-reactivity is most 
frequent between mammalian albumins, cross-reactions 

may also occur between cat and chicken albumins, 
which share 46% identical amino acids. Cross-reactivity 
between porcine and chicken serum albumins was 
possibly linked to a prior sensitization to cat serum 
albumin[173]. A case of occupational asthma induced 
by the inhalation of bovine serum albumin powder in 
a laboratory researcher, was followed by symptoms of 
food allergy after drinking milk, without symptoms on 
ingesting beef, pork, or chicken meat[174]. It is important 
to mention that milk allergic children sensitized to the 
allergen component Bos d 6 (bovine serum albumin) 
may also have concomitant beef allergy[175]. Another 
patient diagnosed with initial sensitization to inhaled 
rabbit products (such as epithelium, urine, serum) 
in childhood presented anaphylaxis with severe bron
chospasm secondary to ingestion of rabbit meat in 
adolescence, the allergen involved being the 60-kDa 
albumin, responsible for cross-reactivity between rabbit 
epithelium and rabbit meat[176]. 

Airborne exposure to pet birds antigens may cause 
allergic rhinitis and/or asthma in IgE sensitized patients 
or hypersensitivity pneumonitis/extrinsic allergic alveo
litis in others.

The bird-egg syndrome consists of primary IgE-
mediated sensitization with respiratory symptoms 
to exposure to bird aeroallergens, and secondarily 
of allergy symptoms after the ingestion of eggs. This 
syndrome is due to cross-reactivity between egg 
yolk and bird allergens (feathers, serum, droppings, 
and meat). Its pathomechanism is different from 
hypersensitivity pneumonitis induced by bird anti
gens, such as pigeon fancier’s lung. There are also 
differences between the bird-egg syndrome and the 
common allergy without sensitization to bird proteins. 
Patients with bird-egg syndrome are typical adults, 
with allergic rhinoconjunctivitis and/or asthma due to 
repeated exposure to household pet birds, such as 
budgerigars, canaries, parrots or lovebirds, and the 
symptoms associated with egg ingestion are usually 
gastrointestinal, but also cutaneous or respiratory. 
Food-dependent, exercise-induced anaphylaxis to 
egg has also been reported. While ovomucoid (Gal d 
1), ovalbumin (Gal d 2), ovotransferrin (Gal d 3) and 
lysozyme (Gal d 4) are involved in common hen’s egg 
white allergy, alpha-livetin found in egg yolk also known 
as chicken serum albumin (Gal d 5) is the allergen 
component involved in both respiratory and food-allergy 
symptoms in the bird-egg syndrome. Gal d 5 is a water-
soluble, partially heat-labile, 70 kDa allergen present in 
egg yolk and avian meat and serum, and induce cross-
reactivity to bird allergens, egg yolk, and chicken meat. 
A minority of patients with egg allergy are reactive to 
chicken meat. The role in food allergy of several other 
allergens identified in egg yolk, including apovitellenin 
I (Gal d Apo I) and apovitellenin VI (Gal d Apo VI), 
is still unclear[163,177-180]. Two similar cross-reactivity 
syndromes must also be mentioned. While the bird-egg 
syndrome is described in patients primarily sensitized 
to bird antigens, the egg-bird syndrome was reported 
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in patients in which egg allergy started in infancy and 
the primary sensitization was to egg yolk. The egg-
egg syndrome is an occupational respiratory allergy 
to airborne egg proteins with subsequent nutritive 
egg allergy, in bakery and confectionery industry 
workers[181].

CONCLUSION
The knowledge of significant syndromes and associations 
related to cross-reactive allergen components and the 
impact of relevant cross-reactivities between aeroaller
gens and food allergens are of great importance for 
the allergy specialist. Allergen cross-reactivity may be 
an underestimated problem in clinical practice[13,182]. 
Moreover, molecular-based allergy diagnosis is essential 
for an accurate allergy evaluation of cross-reactions, 
sometimes with impact on the therapeutic strategy[12]. 
Patients allergic to certain food allergens and inhaled 
allergens should be carefully instructed about cross-
reactions to other food allergens[183]. Dietary avoidance 
of foods that are related and have potentially cross-
reactive proteins should be individualized according to 
the risk of clinical cross-reactivity[3].

Very recently, a trustable expert system was deve
loped to support the interpretation of molecular tests 
for allergy based on microarrays. Allergen microarrays 
facilitate the simultaneous testing of more than 100 
allergen components, represent the state-of-the-
art technology for allergy diagnosis in poly-sensitized 
patients, and have an important role in the accurate 
diagnosis of syndromes and associations related to the 
IgE sensitization to cross-reactive allergens components. 
A section termed “post molecular anamnesis” suggests 
any clinical supplemental questions that should arise 
from the microarray interpretation[11,184-186].

Because the era of the characterization of molecular 
features of food allergens has begun, new data started 
to bring useful information about cross-reactivity 
between different sources of food allergens and aeroal
lergens in order to help the clinicians to provide appropri
ate prophylaxis approach, and to estimate the types 
and severity of allergic reactions[187].

Component-resolved diagnosis is a research 
method that explains on molecular level allergen cross-
reactivity, and allows to distinguish cross-reactions 
occurring after ingestion of food in patients with IgE 
sensitization primarily to aeroallergens from the 
coexistence of inhaled and food allergies. Due to the 
geographic diversity resulting in different exposure 
to airborne allergens and dietary factors, studies on 
allergen components in populations living in different 
climatic zones give different results. This suggests that 
the diagnostic and prognostic assessment based on the 
component-resolved diagnosis results is limited and 
should always be considered in clinical context[188].

Medical history and diagnosis approach may be 
guided by the knowledge about the diverse cross-
reacting allergens involved, and by the understanding 

of these clinical entities which may vary significantly 
or may be overlapping. The use of molecular-based 
allergy diagnosis improves the understanding of clinically 
relevant cross-reactive allergen components from aero
allergen sources and foods.

REFERENCES
1	 Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias 

A, Zuberbier T, Baena-Cagnani CE, Canonica GW, van Weel C, 
Agache I, Aït-Khaled N, Bachert C, Blaiss MS, Bonini S, Boulet 
LP, Bousquet PJ, Camargos P, Carlsen KH, Chen Y, Custovic A, 
Dahl R, Demoly P, Douagui H, Durham SR, van Wijk RG, Kalayci 
O, Kaliner MA, Kim YY, Kowalski ML, Kuna P, Le LT, Lemiere 
C, Li J, Lockey RF, Mavale-Manuel S, Meltzer EO, Mohammad 
Y, Mullol J, Naclerio R, O’Hehir RE, Ohta K, Ouedraogo S, 
Palkonen S, Papadopoulos N, Passalacqua G, Pawankar R, Popov 
TA, Rabe KF, Rosado-Pinto J, Scadding GK, Simons FE, Toskala 
E, Valovirta E, van Cauwenberge P, Wang DY, Wickman M, 
Yawn BP, Yorgancioglu A, Yusuf OM, Zar H, Annesi-Maesano I, 
Bateman ED, Ben Kheder A, Boakye DA, Bouchard J, Burney P, 
Busse WW, Chan-Yeung M, Chavannes NH, Chuchalin A, Dolen 
WK, Emuzyte R, Grouse L, Humbert M, Jackson C, Johnston SL, 
Keith PK, Kemp JP, Klossek JM, Larenas-Linnemann D, Lipworth 
B, Malo JL, Marshall GD, Naspitz C, Nekam K, Niggemann B, 
Nizankowska-Mogilnicka E, Okamoto Y, Orru MP, Potter P, Price D, 
Stoloff SW, Vandenplas O, Viegi G, Williams D. Allergic Rhinitis 
and its Impact on Asthma (ARIA) 2008 update (in collaboration 
with the World Health Organization, GA(2)LEN and AllerGen). 
Allergy 2008; 63 Suppl 86: 8-160 [PMID: 18331513 DOI: 10.1111/
j.1398-9995.2007.01620.x]

2	 Papadopoulos NG, Agache I, Bavbek S, Bilo BM, Braido F, 
Cardona V, Custovic A, Demonchy J, Demoly P, Eigenmann P, 
Gayraud J, Grattan C, Heffler E, Hellings PW, Jutel M, Knol E, 
Lötvall J, Muraro A, Poulsen LK, Roberts G, Schmid-Grendelmeier 
P, Skevaki C, Triggiani M, Vanree R, Werfel T, Flood B, Palkonen 
S, Savli R, Allegri P, Annesi-Maesano I, Annunziato F, Antolin-
Amerigo D, Apfelbacher C, Blanca M, Bogacka E, Bonadonna P, 
Bonini M, Boyman O, Brockow K, Burney P, Buters J, Butiene I, 
Calderon M, Cardell LO, Caubet JC, Celenk S, Cichocka-Jarosz E, 
Cingi C, Couto M, Dejong N, Del Giacco S, Douladiris N, Fassio 
F, Fauquert JL, Fernandez J, Rivas MF, Ferrer M, Flohr C, Gardner 
J, Genuneit J, Gevaert P, Groblewska A, Hamelmann E, Hoffmann 
HJ, Hoffmann-Sommergruber K, Hovhannisyan L, Hox V, Jahnsen 
FL, Kalayci O, Kalpaklioglu AF, Kleine-Tebbe J, Konstantinou G, 
Kurowski M, Lau S, Lauener R, Lauerma A, Logan K, Magnan A, 
Makowska J, Makrinioti H, Mangina P, Manole F, Mari A, Mazon 
A, Mills C, Mingomataj E, Niggemann B, Nilsson G, Ollert M, O’
Mahony L, O’Neil S, Pala G, Papi A, Passalacqua G, Perkin M, 
Pfaar O, Pitsios C, Quirce S, Raap U, Raulf-Heimsoth M, Rhyner 
C, Robson-Ansley P, Alves RR, Roje Z, Rondon C, Rudzeviciene 
O, Ruëff F, Rukhadze M, Rumi G, Sackesen C, Santos AF, Santucci 
A, Scharf C, Schmidt-Weber C, Schnyder B, Schwarze J, Senna G, 
Sergejeva S, Seys S, Siracusa A, Skypala I, Sokolowska M, Spertini 
F, Spiewak R, Sprikkelman A, Sturm G, Swoboda I, Terreehorst 
I, Toskala E, Traidl-Hoffmann C, Venter C, Vlieg-Boerstra B, 
Whitacker P, Worm M, Xepapadaki P, Akdis CA. Research 
needs in allergy: an EAACI position paper, in collaboration with 
EFA. Clin Transl Allergy 2012; 2: 21 [PMID: 23121771 DOI: 
10.1186/2045-7022-2-21]

3	 Sampson HA, Aceves S, Bock SA, James J, Jones S, Lang D, 
Nadeau K, Nowak-Wegrzyn A, Oppenheimer J, Perry TT, Randolph 
C, Sicherer SH, Simon RA, Vickery BP, Wood R, Bernstein D, 
Blessing-Moore J, Khan D, Lang D, Nicklas R, Oppenheimer J, 
Portnoy J, Randolph C, Schuller D, Spector S, Tilles SA, Wallace 
D, Sampson HA, Aceves S, Bock SA, James J, Jones S, Lang D, 
Nadeau K, Nowak-Wegrzyn A, Oppenheimer J, Perry TT, Randolph 
C, Sicherer SH, Simon RA, Vickery BP, Wood R. Food allergy: a 

44 June 26, 2015|Volume 5|Issue 2|WJM|www.wjgnet.com

Popescu FD. Cross-reactivity between aeroallergens and food allergens



practice parameter update-2014. J Allergy Clin Immunol 2014; 134: 
1016-25.e43 [PMID: 25174862 DOI: 10.1016/j.jaci.2014.05.013]

4	 Chafen JJ, Newberry SJ, Riedl MA, Bravata DM, Maglione 
M, Suttorp MJ, Sundaram V, Paige NM, Towfigh A, Hulley BJ, 
Shekelle PG. Diagnosing and managing common food allergies: a 
systematic review. JAMA 2010; 303: 1848-1856 [PMID: 20460624 
DOI: 10.1001/jama.2010.582]

5	 Small M, Vickers A, Anderson P, Kay S. The patient-physician 
partnership in asthma: real-world observations associated with 
clinical and patient-reported outcomes. Adv Ther 2010; 27: 591-599 
[PMID: 20680534 DOI: 10.1007/s12325-010-0054-1]

6	 Jonsson M, Egmar AC, Hallner E, Kull I. Experiences of living 
with asthma - a focus group study with adolescents and parents 
of children with asthma. J Asthma 2014; 51: 185-192 [PMID: 
24192017 DOI: 10.3109/02770903.2013.853080]

7	 Meltzer EO. Allergic rhinitis: the impact of discordant perspectives 
of patient and physician on treatment decisions. Clin Ther 2007; 29: 
1428-1440 [PMID: 17825694]

8	 Breiteneder H, Ebner C. Molecular and biochemical classification 
of plant-derived food allergens. J Allergy Clin Immunol 2000; 106: 
27-36 [PMID: 10887301]

9	 Egger M, Mutschlechner S, Wopfner N, Gadermaier G, Briza P, 
Ferreira F. Pollen-food syndromes associated with weed pollinosis: 
an update from the molecular point of view. Allergy 2006; 61: 
461-476 [PMID: 16512809]

10	 Han Y, Kim J, Ahn K. Food allergy. Korean J Pediatr 2012; 55: 
153-158 [PMID: 22670149 DOI: 10.3345/kjp.2012.55.5.153]

11	 Melioli G, Spenser C, Reggiardo G, Passalacqua G, Compalati 
E, Rogkakou A, Riccio AM, Di Leo E, Nettis E, Canonica GW. 
Allergenius, an expert system for the interpretation of allergen 
microarray results. World Allergy Organ J 2014; 7: 15 [PMID: 
24995073 DOI: 10.1186/1939-4551-7-15]

12	 Canonica GW, Ansotegui IJ, Pawankar R, Schmid-Grendelmeier P, 
van Hage M, Baena-Cagnani CE, Melioli G, Nunes C, Passalacqua 
G, Rosenwasser L, Sampson H, Sastre J, Bousquet J, Zuberbier T. A 
WAO - ARIA - GA²LEN consensus document on molecular-based 
allergy diagnostics. World Allergy Organ J 2013; 6: 17 [PMID: 
24090398 DOI: 10.1186/1939-4551-6-17]

13	 Ferreira F, Hawranek T, Gruber P, Wopfner N, Mari A. Allergic 
cross-reactivity: from gene to the clinic. Allergy 2004; 59: 243-267 
[PMID: 14982506]

14	 Aalberse RC, Akkerdaas J, van Ree R. Cross-reactivity of 
IgE antibodies to allergens. Allergy 2001; 56: 478-490 [PMID: 
11421891]

15	 Hauser M, Roulias A, Ferreira F, Egger M. Panallergens and their 
impact on the allergic patient. Allergy Asthma Clin Immunol 2010; 6: 
1 [PMID: 20298513 DOI: 10.1186/1710-1492-6-1]

16	 Ebo DG, Hagendorens MM, Bridts CH, De Clerck LS, Stevens WJ. 
Sensitization to cross-reactive carbohydrate determinants and the 
ubiquitous protein profilin: mimickers of allergy. Clin Exp Allergy 
2004; 34: 137-144 [PMID: 14720274]

17	 Guilloux L, Morisset M, Codreanu F, Parisot L, Moneret-Vautrin 
DA. Peanut allergy diagnosis in the context of grass pollen 
sensitization for 125 patients: roles of peanut and cross-reactive 
carbohydrate determinants specific IgE. Int Arch Allergy Immunol 
2009; 149: 91-97 [PMID: 19127064 DOI: 10.1159/000189190]

18	 Sastre J. Molecular diagnosis in allergy. Clin Exp Allergy 2010; 40: 
1442-1460 [PMID: 20682003 DOI: 10.1111/j.1365-2222.2010.03585.x]

19	 Manduzio H, Fitchette AC, Hrabina M, Chabre H, Batard T, Nony 
E, Faye L, Moingeon P, Gomord V. Glycoproteins are species-
specific markers and major IgE reactants in grass pollens. Plant 
Biotechnol J 2012; 10: 184-194 [PMID: 21951299 DOI: 10.1111/
j.1467-7652.2011.00654.x]

20	 Popescu FD. Molecular biomarkers for grass pollen immunotherapy. 
World J Methodol 2014; 4: 26-45 [PMID: 25237628 DOI: 10.5662/
wjm.v4.i1.26]

21	 Fernandes J, Reshef A, Patton L, Ayuso R, Reese G, Lehrer SB. 
Immunoglobulin E antibody reactivity to the major shrimp allergen, 
tropomyosin, in unexposed Orthodox Jews. Clin Exp Allergy 2003; 
33: 956-961 [PMID: 12859453]

22	 Shafique RH, Inam M, Ismail M, Chaudhary FR. Group 10 
allergens (tropomyosins) from house-dust mites may cause 
covariation of sensitization to allergens from other invertebrates. 
Allergy Rhinol (Providence) 2012; 3: e74-e90 [PMID: 23342293 
DOI: 10.2500/ar.2012.3.0036]

23	 Kütting B, Brehler R. House dust mite-crustaceans-molluscs 
syndrome. A rare variant of food allergy in primary sensitization to 
inhaled allergens. Hautarzt 2001; 52: 708-711 [PMID: 11544942]

24	 Cudowska B, Kaczmarski M, Wasilewska J. Cross allergic 
reactions in infants and toddlers with atopic dermatitis. Adv 
Med Sci 2013; 58: 401-407 [PMID: 24176963 DOI: 10.2478/
ams-2013-0022]

25	 Bohle B. The impact of pollen-related food allergens on pollen 
allergy. Allergy 2007; 62: 3-10 [PMID: 17156335]

26	 Skypala IJ, Bull S, Deegan K, Gruffydd-Jones K, Holmes S, Small 
I, Emery PW, Durham SR. The prevalence of PFS and prevalence 
and characteristics of reported food allergy; a survey of UK adults 
aged 18-75 incorporating a validated PFS diagnostic questionnaire. 
Clin Exp Allergy 2013; 43: 928-940 [PMID: 23889246 DOI: 
10.1111/cea.12104]

27	 Passali D, Bellusi LM, Kern EB, Sarafoleanu C, Popescu FD. Genes, 
allergens and inflammation in allergic rhinitis. In: Rhinosinusal 
inflammation and infections: modern thinking and current treatment. 
Bucharest: Editura Academiei Romane, 2013: 101-167

28	 Douladiris N, Savvatianos S, Roumpedaki I, Skevaki C, Mitsias 
D, Papadopoulos NG. A molecular diagnostic algorithm to guide 
pollen immunotherapy in southern Europe: towards component-
resolved management of allergic diseases. Int Arch Allergy Immunol 
2013; 162: 163-172 [PMID: 23921568]

29	 Popescu FD, Vieru M, Tudose AM. Evaluation of birch pollen 
sensitization profile in allergic rhinoconjunctivitis patients from 
Bucharest region using component-resolved diagnosis. Clin Transl 
Allergy 2013; 3 Suppl 2: P3 [DOI: 10.1186/2045-7022-3-S2-P3]

30	 Rossi RE, Melioli G, Monasterolo G, Harwanegg C, Rossi 
L, Canonica GW, Passalacqua G. Sensitization profiles in 
polysensitized patients from a restricted geographical area: further 
lessons from multiplexed component resolved diagnosis. Eur Ann 
Allergy Clin Immunol 2011; 43: 171-175 [PMID: 22360133]

31	 Scaparrotta A, Verini M, Consilvio NP, Cingolani A, Rapino D, 
Attanasi M, Cerasa M, Di Pillo S, Chiarelli F. Sensitization to timothy 
grass pollen allergenic molecules in children. Multidiscip Respir Med 
2013; 8: 17 [PMID: 23448255 DOI: 10.1186/2049-6958-8-17]

32	 Asero R, Bellotto E, Ghiani A, Aina R, Villalta D, Citterio S. 
Concomitant sensitization to ragweed and mugwort pollen: who is 
who in clinical allergy? Ann Allergy Asthma Immunol 2014; 113: 
307-313 [PMID: 25053399 DOI: 10.1016/j.anai.2014.06.009]

33	 Rashid RS, Smith KA, Nambiar KZ, Frew AJ, Tarzi MD. Pollen-
food syndrome is related to Bet v 1/PR-10 protein sensitisation, but 
not all patients have spring rhinitis. Allergy 2011; 66: 1391-1392 
[PMID: 21569050 DOI: 10.1111/j.1398-9995.2011.02618.x]

34	 García BE, Lizaso MT. Cross-reactivity syndromes in food allergy. 
J Investig Allergol Clin Immunol 2011; 21: 162-170; quiz 2 p 
following 170 [PMID: 21548443]

35	 Asero R, Villalta D. Are anti-Phl p 12 IgE levels predictive of 
oral allergy syndrome in profilin hypersensitive patients? Eur Ann 
Allergy Clin Immunol 2011; 43: 184-187 [PMID: 22360135]

36	 Pauli G, Metz-Favre C. Cross reactions between pollens and 
vegetable food allergens. Rev Mal Respir 2013; 30: 328-337 [PMID: 
23664291 DOI: 10.1016/j.rmr.2012.10.633]

37	 Lavaud F, Fore M, Fontaine JF, Pérotin JM, de Blay F. Birch pollen 
allergy. Rev Mal Respir 2014; 31: 150-161 [PMID: 24602682 DOI: 
10.1016/j.rmr.2013.08.006]

38	 Hofmann C, Scheurer S, Rost K, Graulich E, Jamin A, Foetisch 
K, Saloga J, Vieths S, Steinbrink K, Adler HS. Cor a 1-reactive T 
cells and IgE are predominantly cross-reactive to Bet v 1 in patients 
with birch pollen-associated food allergy to hazelnut. J Allergy 
Clin Immunol 2013; 131: 1384-1392.e6 [PMID: 23246018 DOI: 
10.1016/j.jaci.2012.10.037]

39	 Ebo DG, Verweij MM, Sabato V, Hagendorens MM, Bridts CH, 
De Clerck LS. Hazelnut allergy: a multi-faced condition with 

45 June 26, 2015|Volume 5|Issue 2|WJM|www.wjgnet.com

Popescu FD. Cross-reactivity between aeroallergens and food allergens



demographic and geographic characteristics. Acta Clin Belg 2012; 
67: 317-321 [PMID: 23189537]

40	 Mauro M, Russello M, Incorvaia C, Gazzola G, Frati F, Moingeon 
P, Passalacqua G. Birch-apple syndrome treated with birch pollen 
immunotherapy. Int Arch Allergy Immunol 2011; 156: 416-422 
[PMID: 21832831 DOI: 10.1159/000323909]

41	 Ciprandi G, Fenoglio G, Kalli F, De Amici M, Leonardi S, Miraglia 
Del Giudice M, Salpietro C, La Rosa M, Caimmi S, Marseglia GL. 
Patients with oral allergic syndrome to apple have intense proliferative 
response to BET V 1. J Biol Regul Homeost Agents 2012; 26: 
S113-S117 [PMID: 22691258]

42	 Minov J, Karadzinska-Bislimovska J, Stoleski S, Mijakoski D, 
Marsenic M, Risteska-Kuc S, Milkovska S. Pollen-fruit syndromes: 
a case with birch-apple-carrot association. Am J Immunol 2014; 10: 
88-92 [DOI: 10.3844/ajisp.2014.88.92]

43	 Andersen MB, Hall S, Dragsted LO. Identification of european 
allergy patterns to the allergen families PR-10, LTP, and profilin 
from Rosaceae fruits. Clin Rev Allergy Immunol 2011; 41: 4-19 
[PMID: 19851893 DOI: 10.1007/s12016-009-8177-3]

44	 Le TM, van Hoffen E, Lebens AF, Bruijnzeel-Koomen CA, 
Knulst AC. Anaphylactic versus mild reactions to hazelnut and 
apple in a birch-endemic area: different sensitization profiles? Int 
Arch Allergy Immunol 2013; 160: 56-62 [PMID: 22948203 DOI: 
10.1159/000339244]

45	 Vieru M, Popescu FD, Tudose AM. Sensitisation pattern to birch 
pollen allergen components in oral allergy syndrome to Rosaceae 
fruits in patients with spring pollinosis from an East European 
Sylvosteppe area with low density forests. Clin Transl Allergy 2014; 
4 Suppl 2: P47 [DOI: 10.1186/2045-7022-4-S2-P47]

46	 Cudowska B, Kaczmarski M. Diagnostic value of birch 
recombinant allergens (rBet v 1, profilin rBet v 2) in children with 
pollen-related food allergy. Rocz Akad Med Bialymst 2004; 49: 
111-115 [PMID: 15631325]

47	 Kopac P, Rudin M, Gentinetta T, Gerber R, Pichler Ch, Hausmann 
O, Schnyder B, Pichler WJ. Continuous apple consumption 
induces oral tolerance in birch-pollen-associated apple allergy. 
Allergy 2012; 67: 280-285 [PMID: 22070352 DOI: 10.1111/
j.1398-9995.2011.02744.x]

48	 Okamoto Y, Kurihara K. [A case of oral allergy syndrome whose 
symptoms were dramatically improved after rush subcutaneous 
injection immunotherapy with pollen extracts of birch]. Arerugi 
2012; 61: 652-658 [PMID: 22705787]

49	 Asero R. How long does the effect of birch pollen injection SIT on 
apple allergy last? Allergy 2003; 58: 435-438 [PMID: 12752332]

50	 Bucher X, Pichler WJ, Dahinden CA, Helbling A. Effect of tree 
pollen specific, subcutaneous immunotherapy on the oral allergy 
syndrome to apple and hazelnut. Allergy 2004; 59: 1272-1276 
[PMID: 15507095]

51	 Quiralte J, Palacios L, Rodríguez R, Cárdaba B, Arias de Saavedra 
JM, Villalba M, Florido JF, Lahoz C. Modelling diseases: the 
allergens of Olea europaea pollen. J Investig Allergol Clin Immunol 
2007; 17 Suppl 1: 24-30 [PMID: 18050568]

52	 Focke M, Hemmer W, Wöhrl S, Götz M, Jarisch R. Cross-reactivity 
between Ficus benjamina latex and fig fruit in patients with clinical 
fig allergy. Clin Exp Allergy 2003; 33: 971-977 [PMID: 12859455]

53	 Hemmer W, Focke M, Götz M, Jarisch R. Sensitization to 
Ficus benjamina: relationship to natural rubber latex allergy and 
identification of foods implicated in the Ficus-fruit syndrome. Clin 
Exp Allergy 2004; 34: 1251-1258 [PMID: 15298566]

54	 Miralles JC, Caravaca F, Guillén F, Lombardero M, Negro JM. 
Cross-reactivity between Platanus pollen and vegetables. Allergy 
2002; 57: 146-149 [PMID: 11929418]

55	 Enrique E, Cisteró-Bahíma A, Bartolomé B, Alonso R, San 
Miguel-Moncín MM, Bartra J, Martínez A. Platanus acerifolia 
pollinosis and food allergy. Allergy 2002; 57: 351-356 [PMID: 
11906368]

56	 Enrique E, Alonso R, Bartolomé B, San Miguel-Moncín M, Bartra 
J, Fernández-Parra B, Tella R, Asturias JA, Ibarrola I, Martínez A, 
Cisteró-Bahíma A. IgE reactivity to profilin in Platanus acerifolia 
pollen-sensitized subjects with plant-derived food allergy. J Investig 

Allergol Clin Immunol 2004; 14: 335-342 [PMID: 15736720]
57	 Salari F, Vahedi F, Chamani J, Varasteh A, Ketabdar H, Sankian 

M. Efficient expression of a soluble lipid transfer protein (LTP) 
of Platanus orientalis using short peptide tags and structural 
comparison with the natural form. Biotechnol Appl Biochem 2015; 
62: 218-225 [PMID: 24750344 DOI: 10.1002/bab.1235]

58	 Caimmi D, Barber D, Hoffmann-Sommergruber K, Amrane H, 
Bousquet PJ, Dhivert-Donnadieu H, Demoly P. Understanding 
the molecular sensitization for Cypress pollen and peach in the 
Languedoc-Roussillon area. Allergy 2013; 68: 249-251 [PMID: 
23205629 DOI: 10.1111/all.12073]

59	 Kwaasi AA, Harfi HA, Parhar RS, Saleh S, Collison KS, Panzani RC, 
Al-Sedairy ST, Al-Mohanna FA. Cross-reactivities between date palm 
(Phoenix dactylifera L.) polypeptides and foods implicated in the oral 
allergy syndrome. Allergy 2002; 57: 508-518 [PMID: 12028116]

60	 Mur P, Feo Brito F, Bartolomé B, Galindo PA, Gómez E, Borja J, 
Alonso A. Simultaneous allergy to vine pollen and grape. J Investig 
Allergol Clin Immunol 2006; 16: 271-273 [PMID: 16889288]

61	 Sankian M, Varasteh A, Pazouki N, Mahmoudi M. Sequence 
homology: a poor predictive value for profilins cross-reactivity. Clin 
Mol Allergy 2005; 3: 13 [PMID: 16153305]

62	 Pasini G, Simonato B, Curioni A, Vincenzi S, Cristaudo A, 
Santucci B, Peruffo AD, Giannattasio M. IgE-mediated allergy to 
corn: a 50 kDa protein, belonging to the Reduced Soluble Proteins, 
is a major allergen. Allergy 2002; 57: 98-106 [PMID: 11929411]

63	 Weichel M, Vergoossen NJ, Bonomi S, Scibilia J, Ortolani C, 
Ballmer-Weber BK, Pastorello EA, Crameri R. Screening the 
allergenic repertoires of wheat and maize with sera from double-
blind, placebo-controlled food challenge positive patients. Allergy 
2006; 61: 128-135 [PMID: 16364168]

64	 Freeman GL. Oral corn pollen hypersensitivity in Arizona Native 
Americans: some sociologic aspects of allergy practice. Ann Allergy 
1994; 72: 415-417 [PMID: 8179227]

65	 Popescu FD, Vieru M. Molecular allergology approach in a patient 
with corn silk (Stigma maydis) infusion and pollen allergy. Allergy 
2014; 69 (Suppl 99): 462 [DOI: 10.1111/all.12478]

66	 Gadermaier G, Hauser M, Ferreira F. Allergens of weed pollen: an 
overview on recombinant and natural molecules. Methods 2014; 66: 
55-66 [PMID: 23806644 DOI: 10.1016/j.ymeth.2013.06.014]

67	 Yagami A, Nakazawa Y, Suzuki K, Matsunaga K. Curry spice 
allergy associated with pollen-food allergy syndrome and latex 
fruit-syndrome. J Dermatol 2009; 36: 45-49 [PMID: 19207436 
DOI: 10.1111/j.1346-8138.2008.00584.x]

68	 Borghesan F, Mistrello G, Amato S, Giuffrida MG, Villalta D, 
Asero R. Mugwort-fennel-allergy-syndrome associated with 
sensitization to an allergen homologous to Api g 5. Eur Ann Allergy 
Clin Immunol 2013; 45: 130-137 [PMID: 24067338]

69	 Faeste CK, Jonscher KR, Sit L, Klawitter J, Løvberg KE, Moen 
LH. Differentiating cross-reacting allergens in the immunological 
analysis of celery (Apium graveolens) by mass spectrometry. J 
AOAC Int 2010; 93: 451-461 [PMID: 20480890]

70	 Lombardero M, García-Sellés FJ, Polo F, Jimeno L, Chamorro MJ, 
García-Casado G, Sánchez-Monge R, Díaz-Perales A, Salcedo G, 
Barber D. Prevalence of sensitization to Artemisia allergens Art v 1, 
Art v 3 and Art v 60 kDa. Cross-reactivity among Art v 3 and other 
relevant lipid-transfer protein allergens. Clin Exp Allergy 2004; 34: 
1415-1421 [PMID: 15347375]

71	 Gao ZS, Yang ZW, Wu SD, Wang HY, Liu ML, Mao WL, Wang 
J, Gadermaier G, Ferreira F, Zheng M, van Ree R. Peach allergy in 
China: a dominant role for mugwort pollen lipid transfer protein as 
a primary sensitizer. J Allergy Clin Immunol 2013; 131: 224-226.
e1-e3 [PMID: 22939759 DOI: 10.1016/j.jaci.2012.07.015]

72	 Garrido S, García BE, Echechipía S, Sanz ML, Ariz S, Tabar AI. 
Anaphylaxis following the first ingestion of lychee fruit: clinical 
features and immunological cross-reactivity implications. Allergy 
2007; 62: 962-963 [PMID: 17484730]

73	 de la Torre Morín F, Sánchez Machín I, García Robaina JC, 
Fernández-Caldas E, Sánchez Triviño M. Clinical cross-reactivity 
between Artemisia vulgaris and Matricaria chamomilla (chamomile). 
J Investig Allergol Clin Immunol 2001; 11: 118-122 [PMID: 

46 June 26, 2015|Volume 5|Issue 2|WJM|www.wjgnet.com

Popescu FD. Cross-reactivity between aeroallergens and food allergens



11642570]
74	 Reider N, Sepp N, Fritsch P, Weinlich G, Jensen-Jarolim E. 

Anaphylaxis to camomile: clinical features and allergen cross-
reactivity. Clin Exp Allergy 2000; 30: 1436-1443 [PMID: 10998021]

75	 Andres C, Chen WC, Ollert M, Mempel M, Darsow U, Ring J. 
Anaphylactic reaction to camomile tea. Allergol Int 2009; 58: 
135-136 [PMID: 19050375 DOI: 10.2332/allergolint.C-08-63]

76	 Rottem M, Waisel Y. Food allergy to concealed sunflower pollen. 
Allergy 1998; 53: 719-720 [PMID: 9700046]

77	 Palma-Carlos AG, Palma-Carlos ML, Tengarrinha F. Allergy to 
sunflower seeds. Eur Ann Allergy Clin Immunol 2005; 37: 183-186 
[PMID: 15984317]

78	 Gruber P, Gadermaier G, Bauer R, Weiss R, Wagner S, Leonard 
R, Breiteneder H, Ebner C, Ferreira F, Egger M. Role of the polype
ptide backbone and post-translational modifications in cross-
reactivity of Art v 1, the major mugwort pollen allergen. Biol Chem 
2009; 390: 445-451 [PMID: 19361284 DOI: 10.1515/BC.2009.063]

79	 Berecz B, Clare Mills EN, Parádi I, Láng F, Tamás L, Shewry 
PR, Mackie AR. Stability of sunflower 2S albumins and LTP to 
physiologically relevant in vitro gastrointestinal digestion. Food 
Chem 2013; 138: 2374-2381 [PMID: 23497898 DOI: 10.1016/
j.foodchem.2012.12.034]

80	 Lombardi C, Senna GE, Gatti B, Feligioni M, Riva G, Bonadonna 
P, Dama AR, Canonica GW, Passalacqua G. Allergic reactions to 
honey and royal jelly and their relationship with sensitization to 
compositae. Allergol Immunopathol (Madr) 1998; 26: 288-290 
[PMID: 9934408]

81	 Choi JH, Jang YS, Oh JW, Kim CH, Hyun IG. Bee pollen-induced 
anaphylaxis: a case report and literature review. Allergy Asthma 
Immunol Res 2014; 6: e295. Available from: URL: http://e-aair.org/
Synapse/Data/PDFData/9999AAIR/aair-6-e295.pdf

82	 Fuiano N, Incorvaia C, Riario-Sforza GG, Casino G. Anaphylaxis 
to honey in pollinosis to mugwort: a case report. Eur Ann Allergy 
Clin Immunol 2006; 38: 364-365 [PMID: 17274522]

83	 Paola F, Pantalea DD, Gianfranco C, Antonio F, Angelo V, Eustachio 
N, Elisabetta DL. Oral allergy syndrome in a child provoked by royal 
jelly. Case Rep Med 2014; 2014: 941248 [PMID: 24799914 DOI: 
10.1155/2014/941248]

84	 Asero R, Mistrello G, Amato S. The nature of melon allergy 
in ragweed-allergic subjects: A study of 1000 patients. Allergy 
Asthma Proc 2011; 32: 64-67 [PMID: 21262100 DOI: 10.2500/
aap.2011.32.3416]

85	 Don’t take echinacea if you’re allergic to ragweed. Consum Rep 
2012; 77: 12 [PMID: 22368799]

86	 Liccardi G, Russo M, Mistrello G, Falagiani P, D’Amato M, D’
Amato G. Sensitization to pistachio is common in Parietaria allergy. 
Allergy 1999; 54: 643-645 [PMID: 10435484]

87	 Fernández C, Fiandor A, Martinez-Garate A, Martinez Quesada 
J. Allergy to pistachio: crossreactivity between pistachio nut and 
other Anacardiaceae. Clin Exp Allergy 1995; 25: 1254-1259 [PMID: 
8821307]

88	 Bernedo N, García M, Gastaminza G, Fernández E, Bartolomé B, 
Algorta J, Muñoz D. Allergy to laxative compound (Plantago ovata 
seed) among health care professionals. J Investig Allergol Clin 
Immunol 2008; 18: 181-189 [PMID: 18564629]

89	 Park HS, Jung KS, Jee SY, Hong SH, Kim HY, Nahm DH. Are 
there any links between Hop Japanese pollen and other weed 
pollens or food allergens on skin prick tests? Allergy Asthma Proc 
2001; 22: 43-46 [PMID: 11227917]

90	 Crameri R, Garbani M, Rhyner C, Huitema C. Fungi: the neglected 
allergenic sources. Allergy 2014; 69: 176-185 [PMID: 24286281 
DOI: 10.1111/all.12325]

91	 Chruszcz M, Chapman MD, Osinski T, Solberg R, Demas M, 
Porebski PJ, Majorek KA, Pomés A, Minor W. Alternaria alternata 
allergen Alt a 1: a unique β-barrel protein dimer found exclusively 
in fungi. J Allergy Clin Immunol 2012; 130: 241-7.e9 [PMID: 
22664167 DOI: 10.1016/j.jaci.2012.03.047]

92	 Herrera I, Moneo I, Caballero ML, de Paz S, Perez Pimiento A, 
Rebollo S. Food allergy to spinach and mushroom. Allergy 2002; 
57: 261-262 [PMID: 11906344]

93	 Herrera-Mozo I, Ferrer B, Luís Rodriguez-Sanchez J, Juarez C. 
Description of a novel panallergen of cross-reactivity between 
moulds and foods. Immunol Invest 2006; 35: 181-197 [PMID: 
16698676]

94	 Hegde VL, Venkatesh YP. Anaphylaxis to excipient mannitol: 
evidence for an immunoglobulin E-mediated mechanism. Clin Exp 
Allergy 2004; 34: 1602-1609 [PMID: 15479277]

95	 Katona SJ, Kaminski ER. Sensitivity to Quorn mycoprotein 
(Fusarium venenatum) in a mould allergic patient. J Clin Pathol 
2002; 55: 876-877 [PMID: 12401831]

96	 Hoff M, Trüeb RM, Ballmer-Weber BK, Vieths S, Wuethrich 
B. Immediate-type hypersensitivity reaction to ingestion of 
mycoprotein (Quorn) in a patient allergic to molds caused by acidic 
ribosomal protein P2. J Allergy Clin Immunol 2003; 111: 1106-1110 
[PMID: 12743577]

97	 Bennett AT, Collins KA. An unusual case of anaphylaxis. Mold in 
pancake mix. Am J Forensic Med Pathol 2001; 22: 292-295 [PMID: 
11563743]

98	 Airola K, Petman L, Mäkinen-Kiljunen S. Clustered sensitivity to 
fungi: anaphylactic reactions caused by ingestive allergy to yeasts. 
Ann Allergy Asthma Immunol 2006; 97: 294-297 [PMID: 17042133]

99	 Dales R, Liu L, Wheeler AJ, Gilbert NL. Quality of indoor 
residential air and health. CMAJ 2008; 179: 147-152 [PMID: 
18625986 DOI: 10.1503/cmaj.070359]

100	 Mary CL, López-Malpica F, Díaz AM. Analysis of cross-reactivity 
between group 1 allergens from mites. P R Health Sci J 2008; 27: 
163-170 [PMID: 18616045]

101	 Fernández-Caldas E, Puerta L, Caraballo L. Mites and allergy. 
Chem Immunol Allergy 2014; 100: 234-242 [PMID: 24925403 
DOI: 10.1159/000358860]

102	 Iancovici-Kidon M, Tim CF. Component-specific immunoglobulin 
E in the diagnosis of allergic disease in childhood: more of the same 
or something more? Isr Med Assoc J 2007; 9: 476-478 [PMID: 
17642400]

103	 Lopata AL, Lehrer SB. New insights into seafood allergy. Curr 
Opin Allergy Clin Immunol 2009; 9: 270-277 [PMID: 19398906 
DOI: 10.1097/ACI.0b013e32832b3e6f]

104	 Woo CK, Bahna SL. Not all shellfish “allergy” is allergy! Clin Transl 
Allergy 2011; 1: 3 [PMID: 22410209 DOI: 10.1186/2045-7022-1-3]

105	 Pedrosa M, Boyano-Martínez T, García-Ara C, Quirce S. Shellfish 
Allergy: a Comprehensive Review. Clin Rev Allergy Immunol 2014 
May 29; Epub ahead of print [PMID: 24870065]

106	 Witteman AM, Akkerdaas JH, van Leeuwen J, van der Zee JS, 
Aalberse RC. Identification of a cross-reactive allergen (presumably 
tropomyosin) in shrimp, mite and insects. Int Arch Allergy Immunol 
1994; 105: 56-61 [PMID: 8086829]

107	 Becker S, Gröger M, Canis M, Pfrogner E, Kramer MF. Tropomyosin 
sensitization in house dust mite allergic patients. Eur Arch 
Otorhinolaryngol 2012; 269: 1291-1296 [PMID: 22081096 DOI: 
10.1007/s00405-011-1826-1]

108	 Reese G, Ayuso R, Lehrer SB. Tropomyosin: an invertebrate pan-
allergen. Int Arch Allergy Immunol 1999; 119: 247-258 [PMID: 
10474029]

109	 Asturias JA, Arilla MC, Gómez-Bayón N, Martínez A, Martínez 
J, Palacios R. Sequencing and high level expression in Escherichia 
coli of the tropomyosin allergen (Der p 10) from Dermatophagoides 
pteronyssinus. Biochim Biophys Acta 1998; 1397: 27-30 [PMID: 
9545522]

110	 Ivanciuc O, Garcia T, Torres M, Schein CH, Braun W. Characteristic 
motifs for families of allergenic proteins. Mol Immunol 2009; 46: 
559-568 [PMID: 18951633 DOI: 10.1016/j.molimm.2008.07.034]

111	 Liu GM, Huang YY, Cai QF, Weng WY, Su WJ, Cao MJ. 
Comparative study of in vitro digestibility of major allergen, 
tropomyosin and other proteins between Grass prawn (Penaeus 
monodon) and Pacific white shrimp (Litopenaeus vannamei). J Sci 
Food Agric 2011; 91: 163-170 [PMID: 20853272 DOI: 10.1002/
jsfa.4167]

112	 González-Fernández J, Rodero M, Daschner A, Cuéllar C. New 
insights into the allergenicity of tropomyosin: a bioinformatics 
approach. Mol Biol Rep 2014; 41: 6509-6517 [PMID: 24985979 

47 June 26, 2015|Volume 5|Issue 2|WJM|www.wjgnet.com

Popescu FD. Cross-reactivity between aeroallergens and food allergens



DOI: 10.1007/s11033-014-3534-6]
113	 Pevec B, Pevec MR, Markovic AS, Batista I. House dust mite 

subcutaneous immunotherapy does not induce new sensitization 
to tropomyosin: does it do the opposite? J Investig Allergol Clin 
Immunol 2014; 24: 29-34 [PMID: 24765878]

114	 Weghofer M, Thomas WR, Kronqvist M, Mari A, Purohit A, 
Pauli G, Horak F, Grönlund H, van Hage M, Valenta R, Vrtala S. 
Variability of IgE reactivity profiles among European mite allergic 
patients. Eur J Clin Invest 2008; 38: 959-965 [PMID: 19021722 
DOI: 10.1111/j.1365-2362.2008.02048.x]

115	 Shiomi K. Current knowledge on molecular features of seafood 
allergens. Shokuhin Eiseigaku Zasshi 2010; 51: 139-152 [PMID: 
20827050]

116	 Taylor SL. Molluscan shellfish allergy. Adv Food Nutr Res 2008; 54: 
139-177 [PMID: 18291306 DOI: 10.1016/S1043-4526(07)00004-6]

117	 Bauermeister K, Wangorsch A, Garoffo LP, Reuter A, Conti A, 
Taylor SL, Lidholm J, Dewitt AM, Enrique E, Vieths S, Holzhauser 
T, Ballmer-Weber B, Reese G. Generation of a comprehensive 
panel of crustacean allergens from the North Sea Shrimp Crangon 
crangon. Mol Immunol 2011; 48: 1983-1992 [PMID: 21784530 
DOI: 10.1016/j.molimm.2011.06.216]

118	 Binder M, Mahler V, Hayek B, Sperr WR, Schöller M, Prozell 
S, Wiedermann G, Valent P, Valenta R, Duchêne M. Molecular 
and immunological characterization of arginine kinase from the 
Indianmeal moth, Plodia interpunctella, a novel cross-reactive 
invertebrate pan-allergen. J Immunol 2001; 167: 5470-5477 [PMID: 
11673567]

119	 Uda K, Fujimoto N, Akiyama Y, Mizuta K, Tanaka K, Ellington 
WR, Suzuki T. Evolution of the arginine kinase gene family. Comp 
Biochem Physiol Part D Genomics Proteomics 2006; 1: 209-218 
[PMID: 20483252 DOI: 10.1016/j.cbd.2005.10.007]

120	 Anas M, Rahman A, Helleur RJ, Jeebhay MF, Lopata AL. 
Characterization of seafood proteins causing allergic diseases, 
allergic diseases - Highlights in the Clinic, Mechanisms and 
Treatment. Pereira C, editor. 2012 [DOI: 10.5772/25316]

121	 Shen HW, Cao MJ, Cai QF, Ruan MM, Mao HY, Su WJ, Liu 
GM. Purification, cloning, and immunological characterization 
of arginine kinase, a novel allergen of Octopus fangsiao. J Agric 
Food Chem 2012; 60: 2190-2199 [PMID: 22303807 DOI: 10.1021/
jf203779w]

122	 Ayuso R, Grishina G, Bardina L, Carrillo T, Blanco C, Ibáñez 
MD, Sampson HA, Beyer K. Myosin light chain is a novel shrimp 
allergen, Lit v 3. J Allergy Clin Immunol 2008; 122: 795-802 [PMID: 
18760458 DOI: 10.1016/j.jaci.2008.07.023]

123	 An S, Chen L, Long C, Liu X, Xu X, Lu X, Rong M, Liu Z, Lai 
R. Dermatophagoides farinae allergens diversity identification by 
proteomics. Mol Cell Proteomics 2013; 12: 1818-1828 [PMID: 
23481662 DOI: 10.1074/mcp.M112.027136]

124	 Tsai LC, Peng HJ, Lee CS, Chao PL, Tang RB, Tsai JJ, Shen 
HD, Hung MW, Han SH. Molecular cloning and characterization 
of full-length cDNAs encoding a novel high-molecular-weight 
Dermatophagoides pteronyssinus mite allergen, Der p 11. Allergy 
2005; 60: 927-937 [PMID: 15932384]

125	 Galler S. Molecular basis of the catch state in molluscan smooth 
muscles: a catchy challenge. J Muscle Res Cell Motil 2008; 29: 
73-99 [PMID: 19039672 DOI: 10.1007/s10974-008-9149-6]

126	 Azofra J, Lombardero M. Limpet anaphylaxis: cross-reactivity 
between limpet and house-dust mite Dermatophagoides 
pteronyssinus. Allergy 2003; 58: 146-149 [PMID: 12622746]

127	 Iparraguirre A, Rodríguez-Pérez R, Juste S, Ledesma A, Moneo 
I, Caballero ML. Selective allergy to lobster in a case of primary 
sensitization to house dust mites. J Investig Allergol Clin Immunol 
2009; 19: 409-413 [PMID: 19862942]

128	 Bessot JC, Metz-Favre C, Rame JM, De Blay F, Pauli G. 
Tropomyosin or not tropomyosin, what is the relevant allergen in 
house dust mite and snail cross allergies? Eur Ann Allergy Clin 
Immunol 2010; 42: 3-10 [PMID: 20355359]

129	 Gámez C, Zafra M, Boquete M, Sanz V, Mazzeo C, Ibáñez MD, 
Sánchez-García S, Sastre J, del Pozo V. New shrimp IgE-binding 
proteins involved in mite-seafood cross-reactivity. Mol Nutr 

Food Res 2014; 58: 1915-1925 [PMID: 24978201 DOI: 10.1002/
mnfr.201400122]

130	 Resch Y, Weghofer M, Seiberler S, Horak F, Scheiblhofer S, 
Linhart B, Swoboda I, Thomas WR, Thalhamer J, Valenta R, 
Vrtala S. Molecular characterization of Der p 10: a diagnostic 
marker for broad sensitization in house dust mite allergy. Clin Exp 
Allergy 2011; 41: 1468-1477 [PMID: 21711470 DOI: 10.1111/
j.1365-2222.2011.03798.x]

131	 Rossi RE, Monasterolo G, Incorvaia C, Moingeon P, Frati F, 
Passalacqua G, Rossi L, Canonica GW. Lack of neo-sensitization 
to Pen a 1 in patients treated with mite sublingual immunotherapy. 
Clin  Mol  Al lergy  2010;  8 :  4  [PMID:  20230633 DOI: 
10.1186/1476-7961-8-4]

132	 van Ree R, Antonicelli L, Akkerdaas JH, Garritani MS, Aalberse 
RC, Bonifazi F. Possible induction of food allergy during mite 
immunotherapy. Allergy 1996; 51: 108-113 [PMID: 8738516]

133	 Pajno GB, La Grutta S, Barberio G, Canonica GW, Passalacqua G. 
Harmful effect of immunotherapy in children with combined snail 
and mite allergy. J Allergy Clin Immunol 2002; 109: 627-629 [PMID: 
11941311]

134	 Asero R. Lack of de novo sensitization to tropomyosin in a 
group of mite-allergic patients treated by house dust mite-specific 
immunotherapy. Int Arch Allergy Immunol 2005; 137: 62-65 [PMID: 
15832051]

135	 Meglio P, Plantamura M, Arabito E, Falagiani P, Torre A, Rossi P. 
Does SIT to Der p protect from snail sensitization? Allergy 2002; 
57: 868-869 [PMID: 12169197]

136	 Cortellini G, Spadolini I, Santucci A, Cova V, Conti C, Corvetta 
A, Passalacqua G. Improvement of shrimp allergy after sublingual 
immunotherapy for house dust mites: a case report. Eur Ann Allergy 
Clin Immunol 2011; 43: 162-164 [PMID: 22145252]

137	 Panzani RC, Ariano R. Arthropods and invertebrates allergy (with 
the exclusion of mites): the concept of panallergy. Allergy 2001; 56 
Suppl 69: 1-22 [PMID: 11990954]

138	 Meseguer Arce J, Villajos IM, Iraola V, Carnés J, Fernández Caldas 
E. Occupational allergy to aquarium fish food: red midge larva, 
freshwater shrimp, and earthworm. A clinical and immunological 
study. J Investig Allergol Clin Immunol 2013; 23: 462-470 [PMID: 
24654310]

139	 Sánchez-Borges M, Suárez-Chacon R, Capriles-Hulett A, Caballero-
Fonseca F, Iraola V, Fernández-Caldas E. Pancake syndrome (oral 
mite anaphylaxis). World Allergy Organ J 2009; 2: 91-96 [PMID: 
23283016 DOI: 10.1097/WOX.0b013e3181a0db50]

140	 Takahashi K, Taniguchi M, Fukutomi Y, Sekiya K, Watai K, Mitsui 
C, Tanimoto H, Oshikata C, Tsuburai T, Tsurikisawa N, Minoguchi 
K, Nakajima H, Akiyama K. Oral Mite Anaphylaxis Caused by 
Mite-Contaminated Okonomiyaki/Pancake-Mix in Japan: 8 Case 
Reports and a Review of 28 Reported Cases. Allergol Int 2013 Dec 
25; Epub ahead of print [PMID: 24368585]

141	 Sánchez-Borges M, Suárez Chacón R, Capriles-Hulett A, Caballero-
Fonseca F, Fernández-Caldas E. Anaphylaxis from ingestion of mites: 
pancake anaphylaxis. J Allergy Clin Immunol 2013; 131: 31-35 [PMID: 
23154081 DOI: 10.1016/j.jaci.2012.09.026]

142	 Sánchez-Borges M, Fernández-Caldas E, Capriles-Hulett A, 
Caballero-Fonseca F. Mite-induced inflammation: More than allergy. 
Allergy Rhinol (Providence) 2012; 3: e25-e29 [PMID: 22852126 DOI: 
10.2500/ar.2012.3.0025]

143	 Izumi K, Aihara M, Ikezawa Z. Effects of non steroidal 
antiinflammatory drugs (NSAIDs) on immediate-type food allergy 
analysis of Japanese cases from 1998 to 2009. Arerugi 2009; 58: 
1629-1639 [PMID: 20220304]

144	 Fernando SL, Clarke LR. Salicylate intolerance: a masquerader 
of multiple adverse drug reactions. BMJ Case Rep 2009; 2009: pii: 
bcr02.2009.1602 [PMID: 21918670 DOI: 10.1136/bcr.02.2009.1602]

145	 Portnoy J, Chew GL, Phipatanakul W, Williams PB, Grimes C, 
Kennedy K, Matsui EC, Miller JD, Bernstein D, Blessing-Moore 
J, Cox L, Khan D, Lang D, Nicklas R, Oppenheimer J, Randolph 
C, Schuller D, Spector S, Tilles SA, Wallace D, Seltzer J, Sublett J. 
Environmental assessment and exposure reduction of cockroaches: 
a practice parameter. J Allergy Clin Immunol 2013; 132: 802-808.

48 June 26, 2015|Volume 5|Issue 2|WJM|www.wjgnet.com

Popescu FD. Cross-reactivity between aeroallergens and food allergens



e1-8.25 [PMID: 23938214 DOI: 10.1016/j.jaci.2013.04.061]
146	 Santiago HC, LeeVan E, Bennuru S, Ribeiro-Gomes F, Mueller 

E, Wilson M, Wynn T, Garboczi D, Urban J, Mitre E, Nutman TB. 
Molecular mimicry between cockroach and helminth glutathione 
S-transferases promotes cross-reactivity and cross-sensitization. 
J Allergy Clin Immunol 2012; 130: 248-56.e9 [PMID: 22541242 
DOI: 10.1016/j.jaci.2012.02.045]

147	 Mohamad Yadzir ZH, Misnan R, Abdullah N, Bakhtiar F, 
Leecyous B, Murad S. Component-resolved diagnosis (CRD): Is 
it worth it? frequency and differentiation in rhinitis patients with 
mite reactivity. Iran J Allergy Asthma Immunol 2014; 13: 240-246 
[PMID: 24659159]

148	 Jeong KY, Lee J, Lee IY, Ree HI, Hong CS, Yong TS. Allergenicity 
of recombinant Bla g 7, German cockroach tropomyosin. Allergy 
2003; 58: 1059-1063 [PMID: 14510726]

149	 Giuffrida MG, Villalta D, Mistrello G, Amato S, Asero R. Shrimp 
allergy beyond Tropomyosin in Italy: clinical relevance of Arginine 
Kinase, Sarcoplasmic calcium binding protein and Hemocyanin. Eur 
Ann Allergy Clin Immunol 2014; 46: 172-177 [PMID: 25224947]

150	 Pomés A, Arruda LK. Investigating cockroach allergens: aiming 
to improve diagnosis and treatment of cockroach allergic patients. 
Methods 2014; 66: 75-85 [PMID: 23916425 DOI: 10.1016/
j.ymeth.2013.07.036]

151	 Liu Z, Xia L, Wu Y, Xia Q, Chen J, Roux KH. Identification and 
characterization of an arginine kinase as a major allergen from 
silkworm (Bombyx mori) larvae. Int Arch Allergy Immunol 2009; 
150: 8-14 [PMID: 19339797 DOI: 10.1159/000210375]

152	 Belluco S, Losasso C, Maggioletti M, Alonzi CC, Paoletti MG, Ricci 
A. Edible insects in a food safety and nutritional perspective: a critical 
review. CRFSFS 2013; 12: 296-313 [DOI: 10.1111/1541-4337.12014]

153	 Sun B, Zheng P, Wei N, Huang H, Zeng G. Co-sensitization to 
silkworm moth (Bombyx mori) and 9 inhalant allergens among 
allergic patients in Guangzhou, Southern China. PLoS One 2014; 9: 
e94776 [PMID: 24787549 DOI: 10.1371/journal.pone.0094776]

154	 Kung SJ, Fenemore B, Potter PC. Anaphylaxis to Mopane worms 
(Imbrasia belina). Ann Allergy Asthma Immunol 2011; 106: 538-540 
[PMID: 21624756 DOI: 10.1016/j.anai.2011.02.003]

155	 Armentia A, Lombardero M, Blanco C, Fernández S, Fernández 
A, Sánchez-Monge R. Allergic hypersensitivity to the lentil pest 
Bruchus lentis. Allergy 2006; 61: 1112-1116 [PMID: 16918515]

156	 Tabar AI, Acero S, Arregui C, Urdánoz M, Quirce S. [Asthma and 
allergy due to carmine dye]. An Sist Sanit Navar 2003; 26 Suppl 2: 
65-73 [PMID: 13679965]

157	 Ohgiya Y, Arakawa F, Akiyama H, Yoshioka Y, Hayashi Y, 
Sakai S, Ito S, Yamakawa Y, Ohgiya S, Ikezawa Z, Teshima R. 
Molecular cloning, expression, and characterization of a major 38-kd 
cochineal allergen. J Allergy Clin Immunol 2009; 123: 1157-1162, 
1157-1162e1-e4 [PMID: 19249084 DOI: 10.1016/j.jaci.2008.12.1111]

158	 Gultekin F, Doguc DK. Allergic and immunologic reactions to 
food additives. Clin Rev Allergy Immunol 2013; 45: 6-29 [PMID: 
22278172 DOI: 10.1007/s12016-012-8300-8]

159	 Voltolini S, Pellegrini S, Contatore M, Bignardi D, Minale P. New 
risks from ancient food dyes: cochineal red allergy. Eur Ann Allergy 
Clin Immunol 2014; 46: 232-233 [PMID: 25398168]

160	 Hentges F, Léonard C, Arumugam K, Hilger C. Immune responses 
to inhalant Mammalian allergens. Front Immunol 2014; 5: 234 
[PMID: 24904583 DOI: 10.3389/fimmu.2014.00234]

161	 Borres MP, Ebisawa M, Eigenmann PA. Use of allergen 
components begins a new era in pediatric allergology. Pediatr 
Allergy Immunol 2011; 22: 454-461 [PMID: 21771081 DOI: 
10.1111/j.1399-3038.2011.01197.x]

162	 Nordlund B, Konradsen JR, Kull I, Borres MP, Önell A, Hedlin G, 
Grönlund H. IgE antibodies to animal-derived lipocalin, kallikrein 
and secretoglobin are markers of bronchial inflammation in severe 
childhood asthma. Allergy 2012; 67: 661-669 [PMID: 22339365 
DOI: 10.1111/j.1398-9995.2012.02797.x]

163	 Díaz-Perales A, González-de-Olano D, Pérez-Gordo M, Pastor-
Vargas C. Allergy to uncommon pets: new allergies but the same 
allergens. Front Immunol 2013; 4: 492 [PMID: 24416032 DOI: 
10.3389/fimmu.2013.00492]

164	 Zahradnik E, Raulf M. Animal allergens and their presence in the 
environment. Front Immunol 2014; 5: 76 [PMID: 24624129 DOI: 
10.3389/fimmu.2014.00076]

165	 Grönlund H, Saarne T, Gafvelin G, van Hage M. The major cat 
allergen, Fel d 1, in diagnosis and therapy. Int Arch Allergy Immunol 
2010; 151: 265-274 [PMID: 19844127 DOI: 10.1159/000250435]

166	 Savi E, Rossi A, Incorvaia C. Cat-pork syndrome: a case report 
with a thee years follow-up. Eur Ann Allergy Clin Immunol 2006; 
38: 366-368 [PMID: 17274523]

167	 Sabbah A, Lauret MG, Chène J, Boutet S, Drouet M. [The pork-cat 
syndrome or crossed allergy between pork meat and cat epithelia (2)]. 
Allerg Immunol (Paris) 1994; 26: 173-714, 177-180 [PMID: 7522011]

168	 Hilger C, Kohnen M, Grigioni F, Lehners C, Hentges F. Allergic 
cross-reactions between cat and pig serum albumin. Study at 
the protein and DNA levels. Allergy 1997; 52: 179-187 [PMID: 
9105522]

169	 Drouet M, Sabbah A, Le Sellin J, Bonneau JC, Gay G, Dubois-
Gosnet C. [Fatal anaphylaxis after eating wild boar meat in a patient 
with pork-cat syndrome]. Allerg Immunol (Paris) 2001; 33: 163-165 
[PMID: 11434195]

170	 Posthumus J, James HR, Lane CJ, Matos LA, Platts-Mills TA, 
Commins SP. Initial description of pork-cat syndrome in the 
United States. J Allergy Clin Immunol 2013; 131: 923-925 [PMID: 
23352634 DOI: 10.1016/j.jaci.2012.12.665]

171	 Commins SP, Platts-Mills TA. Delayed anaphylaxis to red meat in 
patients with IgE specific for galactose alpha-1,3-galactose (alpha-
gal). Curr Allergy Asthma Rep 2013; 13: 72-77 [PMID: 23054628 
DOI: 10.1007/s11882-012-0315-y]

172	 Alvarez-Perea A, Caralli ME, Zubeldia JM, Baeza ML. Pork-cat 
syndrome as a cause of occupational asthma. J Investig Allergol 
Clin Immunol 2014; 24: 209-211 [PMID: 25011365]

173	 Hilger C, Swiontek K, Hentges F, Donnay C, de Blay F, Pauli G. 
Occupational inhalant allergy to pork followed by food allergy to 
pork and chicken: sensitization to hemoglobin and serum albumin. 
Int Arch Allergy Immunol 2010; 151: 173-178 [PMID: 19752572 
DOI: 10.1159/000236008]

174	 Choi GS, Kim JH, Lee HN, Sung JM, Lee JW, Park HS. 
Occupational asthma caused by inhalation of bovine serum albumin 
powder. Allergy Asthma Immunol Res 2009; 1: 45-47 [PMID: 
20224670 DOI: 10.4168/aair.2009.1.1.45]

175	 Martelli A, De Chiara A, Corvo M, Restani P, Fiocchi A. Beef 
allergy in children with cow’s milk allergy; cow’s milk allergy in 
children with beef allergy. Ann Allergy Asthma Immunol 2002; 89: 
38-43 [PMID: 12487203]

176	 Gómez Galán C, Ferré Ybarz L, Sansosti Viltes A, de la Borbolla 
Morán JM, Peña Peloche MA, Duocastella Selvas P, Llusá Serra 
A, Torredemer Palau A, Ledesma A, Nevot Falcó S. Rabbit meat 
anaphylaxis. J Investig Allergol Clin Immunol 2014; 24: 136-138 
[PMID: 24834782]

177	 Szépfalusi Z, Ebner C, Pandjaitan R, Orlicek F, Scheiner O, Boltz-
Nitulescu G, Kraft D, Ebner H. Egg yolk alpha-livetin (chicken serum 
albumin) is a cross-reactive allergen in the bird-egg syndrome. J 
Allergy Clin Immunol 1994; 93: 932-942 [PMID: 8182236]

178	 Quirce S, Marañón F, Umpiérrez A, de las Heras M, Fernández-
Caldas E, Sastre J. Chicken serum albumin (Gal d 5*) is a partially 
heat-labile inhalant and food allergen implicated in the bird-egg 
syndrome. Allergy 2001; 56: 754-762 [PMID: 11488669]

179	 Villas F, Compes E, Fernández-Nieto M, Muñoz MP, Bartolome B, 
de las Heras M. Bird-egg syndrome caused by Agapornis species 
(lovebird). J Investig Allergol Clin Immunol 2009; 19: 71-72 [PMID: 
19274938]

180	 Caubet JC, Wang J. Current understanding of egg allergy. Pediatr 
Clin North Am 2011; 58: 427-443, xi [PMID: 21453811 DOI: 
10.1016/j.pcl.2011.02.014]

181	 Leser C, Hartmann AL, Praml G, Wüthrich B. The “egg-egg” 
syndrome: occupational respiratory allergy to airborne egg proteins 
with consecutive ingestive egg allergy in the bakery and confectionery 
industry. J Investig Allergol Clin Immunol 2001; 11: 89-93 [PMID: 
11642578]

182	 Pfiffner P, Truffer R, Matsson P, Rasi C, Mari A, Stadler BM. 

49 June 26, 2015|Volume 5|Issue 2|WJM|www.wjgnet.com

Popescu FD. Cross-reactivity between aeroallergens and food allergens



Allergen cross reactions: a problem greater than ever thought? 
Allergy 2010; 65: 1536-1544 [PMID: 20584004 DOI: 10.1111/
j.1398-9995.2010.02420.x]

183	 Muraro A, Werfel T, Hoffmann-Sommergruber K, Roberts G, 
Beyer K, Bindslev-Jensen C, Cardona V, Dubois A, duToit G, 
Eigenmann P, Fernandez Rivas M, Halken S, Hickstein L, Høst 
A, Knol E, Lack G, Marchisotto MJ, Niggemann B, Nwaru BI, 
Papadopoulos NG, Poulsen LK, Santos AF, Skypala I, Schoepfer 
A, Van Ree R, Venter C, Worm M, Vlieg-Boerstra B, Panesar S, de 
Silva D, Soares-Weiser K, Sheikh A, Ballmer-Weber BK, Nilsson 
C, de Jong NW, Akdis CA. EAACI food allergy and anaphylaxis 
guidelines: diagnosis and management of food allergy. Allergy 
2014; 69: 1008-1025 [PMID: 24909706 DOI: 10.1111/all.12429]

184	 Canonica GW, Passalacqua G, Melioli G. Allergenius®: an expert 
system for the interpretation of allergen microarrays. Poster 1001. 
World Allergy Organ J 2014; 7 (Suppl 1): P2 [DOI: 10.1186/1939-4

551-7-S1-P2]
185	 Melioli G, Passalacqua G, Canonica GW. Novel in silico technology 

in combination with microarrays: a state-of-the-art technology for 
allergy diagnosis and management? Expert Rev Clin Immunol 2014; 
10: 1559-1561 [PMID: 25370475 DOI: 10.1586/1744666X.2014.978
761]

186	 Barber D, Díaz-Perales A, Villalba M, Chivato T. Challenges 
for allergy diagnosis in regions with complex pollen exposures. 
Curr Allergy Asthma Rep 2015; 15: 496 [PMID: 25504260 DOI: 
10.1007/s11882-014-0496-7]

187	 Valenta R, Hochwallner H, Linhart B, Pahr S. Food allergies: 
the basics. Gastroenterology 2015; 148: 1120-1131.e4 [PMID: 
25680669 DOI: 10.1053/j.gastro.2015.02.006]

188	 Balińska-Miśkiewicz W. [Molecular diagnosis of food allergy--
do we know more?]. Postepy Hig Med Dosw (Online) 2014; 68: 
754-767 [PMID: 24934534]

P- Reviewer: Albulescu R, Borrione P, Irato P, Kim BJ, 
Meng LJ    S- Editor: Ji FF    L- Editor: A    E- Editor: Wu HL

50 June 26, 2015|Volume 5|Issue 2|WJM|www.wjgnet.com

Popescu FD. Cross-reactivity between aeroallergens and food allergens



© 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	31
	WJMv5i2Back cover

