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Abstract
Purpose of Review  Plant-derived foods are one of the most common causative sources of food allergy in China, with a 
significant relationship to pollinosis. This review aims to provide a comprehensive overview of this food-pollen allergy 
syndrome and its molecular allergen diagnosis to better understand the cross-reactive basis.
Recent Findings  Food-pollen cross-reactivity has been mainly reported in Northern China, Artemisia pollen is the major 
related inhalant source, followed by tree pollen (Betula), while grass pollen plays a minor role. Pollen allergy is relatively 
low in Southern China, with allergies to grass pollen being more important than weed and tree pollens. Rosaceae fruits and 
legume seeds stand out as major related allergenic foods. Non-specific lipid transfer protein (nsLTP) has been found to be 
the most clinically relevant cross-reacting allergenic component, able to induce severe reactions. PR-10, profilin, defensin, 
chitinase, and gibberellin-regulated proteins are other important cross-reactive allergen molecules.
Summary  Artemisia pollen can induce allergenic cross-reactions with a wide range of plant-derived foods in China, and 
spring tree pollens (Betula) are also important. nsLTP found in both pollen and plant-derived food is considered the most 
significant allergen in food pollen cross-reactivity. Component-resolved diagnosis with potential allergenic proteins is rec-
ommended to improve diagnostic accuracy and predict the potential risk of causing allergic symptoms.

Keywords  Component resolved diagnosis (CRD) · Cross Reactivity sIgE · Pollen food allergy syndrome

Introduction

Food allergy is an increasing public health problem world-
wide. Up to 60% of food allergies in older children, ado-
lescents, and adults are related to inhalant allergy due to 
cross-reactivity [1]. China accounts for over 20% of the 
world’s population, and allergy is now a serious health 
problem, affecting more than 400 million people [2, 3]. 
The overall prevalence of food allergy in China is similar 
to Western countries (5–8%) [4], with geographic variation 
of 3.1–11.9% in Northern and 3.5–21.1% in Southern China 
[4]. The observed incidence in children is significantly 
higher than in adults [5]. Plant-derived foods, particularly 
fruits, are among the most common causative sources of 
food allergy in China [6–8], which is significantly related 
to pollinosis. Pollen allergy can also induce allergenic 
cross-reactivity with vegetables, nuts, cereals, legumes and 
herbs used in Chinese medicine [9–18]. Recent studies have 
shown that the clinical symptoms of pollen-food allergy 
vary from mild to moderate and in some cases may even be 
life-threatening [19].
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China is a vast territory, with significant differences in 
environment, climate, and dietary habits between the North-
ern and Southern areas, resulting in different allergy patterns 
(Fig. 1). Plant-food allergy is often associated with pollen 
allergy patterns which are dependent on the geographic dis-
tribution of the major allergenic pollen sources. Northern 
and Western China have much higher prevalence of weed, 
grass and tree pollens, with the most dominant species for 
each group being Artemisia spp. (50%), Cynodon dactylon 
(31%), and Ulmus spp. (41%), respectively. Other allergenic 
pollen sources include Humulus spp., Broussonetia papyrif-
era., Chenopodium spp., Betula spp., Juniperus spp., Pla-
tanus spp., Alnus spp. and Cryptomeria spp. Pollen allergy 
in Southern China is relatively low, with allergies to grass 
pollen being more important than weed and tree pollens [20, 
24]. Artemisia pollen allergy is the major seasonal allergic 
respiratory disease of late summer and autumn in a very 
large area north of the Yangzi River and South-Western 
China [25, 26]. The prevalence of food allergy is very low 
in patients with grass pollen allergy [27], but much higher 
among Artemisia pollen allergic patients [9, 28], resulting in 
the higher prevalence of plant-derived food allergy in North-
ern compared to Southern China.

This study provides a comprehensive overview of 
food-pollen allergy syndromes and molecular aller-
gen diagnosis including component resolved diagnosis 
(CRD), to better understand allergenic cross-reactivity 

in China, aiming to improve allergenic risk assessment 
and allergy prevention.

Aspects of Allergenic Food‑Pollen 
Cross‑Reactivity in China

Cross‑Reactivity

Allergy caused by cross-reactivity refers to when a specific 
antibody (sIgE) can respond to two different allergens which 
have a similar secondary and/or tertiary structure [29, 30]. It 
occurs in a patient reacting to highly identical iso-allergens 
from the same species or to similar allergens from differ-
ent sources through a single specific IgE antibody type. A 
single bi-valent allergenic protein (carrying two specific 
IgE-epitopes) can bridge two such IgE antibodies on the 
surface of mast cells and basophils, leading to the release of 
inflammatory mediators, such as histamine. A single pro-
tein with only one (monovalent) IgE-epitope may acquire 
allergenicity after di-/multimerization (bi-/multivalent). 
A protein from any source with a certain degree of simi-
larity to a primary sensitizing allergen can also act as an 
allergen, without having sensitizing ability itself, if it has 
exposed amino acid residues that match the conformational 
IgE-epitope/s of the sensitizing allergen. This makes such 
proteins allergenically cross-reactive. The cross-sensitivity 

Fig. 1   The major allergic pollens in different regions in China. The figure is generated based on the data from previous studies [20–23] and 
authors’ investigation
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and cross-reactivity phenomenon is highly relevant in the 
allergology field because it moves the focus from individual 
allergenic sources, e.g. Artemisia pollen and peach fruit, to 
common protein molecules with similar biochemical and 
immunological characteristics. IgE antibodies induced by 
the primary sensitizing source will generally bind with the 
highest affinity to the original sensitizing allergens [31]. 
Here we extracted diagnostic IgE data to show the correla-
tion of sIgE values to pollen and fruit allergen components 
in China (Fig. 2). The induced IgE positivity and values are 
patient-specific related to epitope recognition, which have 
consequences for the degree of IgE binding affinity to a 
cross-reactive allergen, and for the intensity of the cross-
reactive allergic response in an individual patient.

Allergen molecules with similar sequential or 
conformational structures are the basis of cross-reactivity. 
Higher sequence homology increases the likelihood of cross-
reactivity. An attempt to set a firm identity threshold is 
challenging, but generally, having more than 50% sequence 
identity to the primary protein sequence is considered 
a reliable guideline. With the increasing importance of 
novel foods, predicting cross-reactivity based on sequence 
similarity with known allergens using bio-informatics has 
become a common tool [35].

Food‑ Pollen Allergy Syndrome Reported in China

There is no accurate measure of food allergy prevalence in 
China, but plant-derived foods have been recognized as the 
major cause. Among patients from Northern China with ana-
phylaxis induced by foods, 77% are allergic to plant-derived 
foods, the most common food allergens being wheat (37%) 
and fruits/vegetables (20%), with peach the dominant fruit 
allergen and mugwort as the most frequent allergenic pollen 
[36]. Fruit and vegetable allergy has increased dramatically 
over the last 20 years, and is currently estimated at 3–5% 
in Taiwan [37]. In Chinese patients, peach and mango have 
been shown to be the major allergenic fruits [6–8, 38, 39]: 
both are associated with Artemisia and birch pollen allergy 
[11, 14, 34].

Studies on food-pollen allergy in China have been 
mainly in Northern regions, where the exposure to weed 
and tree pollen is high, while in Southern China, the major 
inhalant allergen originated from house dust mites, the 
positivity and clinical relevance of pollen allergy are low 
[20, 40, 41]. About 30.0–49.4% of pollinosis patients have 
reported plant-food allergies in Beijing, Northern China, 
and over 20% experienced food-induced anaphylaxis, 
especially associated with weed and tree pollen allergies 
[27, 42]. In pollen-allergic children with anaphylaxis from 
Northern China, 22.3% report fruit/vegetable allergy, 
with Artemisia pollen being the major sensitizing pollen 
(93.5%), followed by ragweed (65.8%), and birch (40.7%). 

Peach, mango, and dragon fruit are the number one triggers 
for anaphylaxis in children with combined Artemisia and 
Betula pollinosis [19, 36].

The most frequent clinical symptoms of food-pollen 
allergy fit in with the oral allergy syndrome (OAS), urticar-
ial, respiratory and gastrointestinal symptoms [19, 43–45]. 
Some patients also suffer hypotension and anaphylaxis [14, 
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Fig. 2   The correlation of sIgE values to pollen and fruit allergen 
components. Figure 2A correlates the specific serum IgE responses of 
individual patients against the allergens Mal d 1 (from apple, Malus 
domestica), Pru p 1 (peach, Prunus persica) and Bet v 1 (from birch, 
Betula pendula ( Betula verrucosa); Fig. 2B, to the fruit allergens Pru 
p 3 (from peach, Prunus persica) and Art v 3 (from Artemisia vul-
garis); and Fig. 2C, to the allergens Man i 4 (from mango, Mangifera 
indica) and Art an 4 (from Artemisia annua). The data is from our 
previous studies and published references: A [32, 33]; B [11]; C [34]; 
**P < 0.01, ***P < 0.001
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19]. The symptoms are associated with the allergenic pollen 
sources: in China, the Artemisia pollen-related food allergy 
tends to cause more severe and systemic reactions [14].

Season‑Related Plant‑Food Allergies

Based on the pollen season, pollinosis patients can be 
divided into three groups: spring-tree pollinosis, autumn-
weed pollinosis, and combined spring and autumn groups 
(especially in Northern China) [42]. Cross-reactive food 
allergy occurs most often in single-season pollen allergy 
[42]. Grass pollinosis is less frequent or not significant 
compared to tree and weed pollinosis. Table 1 lists the 
food-pollen allergy syndrome reported in China, where 
Artemisia pollen-related food allergies (to peach, apple, 
mango, peanuts, plum, apricot, etc.) are the most dominant 
[9, 11, 14, 36, 44].

Artemisia produces the most prevalent allergenic 
autumn pollen. This genus is widely spread in China, with 
more than 180 species [46]. In China, 26.7% of patients 
with allergic respiratory diseases are allergic to Artemi-
sia [20]. Ten groups of allergen components from vari-
ous Artemisia spp. have been characterized, and groups 
1 (Defensin-like protein), 3 (non-specific lipid transfer 
protein, nsLTP), and 7 (putative galactose oxidase) iden-
tified as the major allergen molecules in China [46–48]. 
Due to the presence of pan-allergens (nsLTP and profilin), 
there is a high degree of cross-reactivity between Arte-
misia spp. and various plant-derived foods, as shown in 
Table 1, especially between Artemisia and Rosaceae fruits. 
Seventy-two percent of mugwort-allergic patients report 
food allergy, with the major allergenic foods being peach 
(68%), apple (24%), mango (20%), and peanut (16%); 48% 
of the patients experience anaphylaxis [14]. This differs 
from the nsLTP syndrome in the Mediterranean region 
where food nsLTP allergen, especially peach allergen Pru 
p 3, is the primary sensitizer [49], Artemisia pollen has 
been identified as the primary cross-reactive sensitizer in 
Northern China. However, a recent study found that food, 
notably peach [50], can also be the primary sensitizer, but 

this needs further confirmation to distinguish between co-
sensitization and cross-reactivity. nsLTP has been shown 
to be the major cross-reacting allergen, tending to induce 
systemic reactions due to its high molecular stability [11, 
14, 42, 45]. Profilin can induce cross-reactivity between 
Artemisia and tropical fruits (e.g. mango, litchi, pineapple) 
[51]. Other Artemisia allergens can also induce cross-reac-
tivity: Art v 1, Art v 2, and Art an 7 have been identified as 
the possible allergen components inducing cross-reactivity 
between mugwort and kidney beans [52]. Artemisia-aller-
gic patients are also potentially allergic to Chinese herbal 
medicine ingredients, such as pollens of Chrysanthemum, 
Artemisia apiaceae, Artemisia argyi, Lonicera japonica, 
and Carthamus tinctorius [53, 54].

The prevalence of birch pollen sensitization is between 7 
and 25% in China, mainly in Northern and Central regions 
[55, 56], with Bet v 1 (82.4%) being the major cross-
reactive allergen, 75.9% of birch pollen allergic patients 
report food allergy in Northern China, of which 72.7% are 
allergic to apple [18]. In addition, of the Bet v 1-positive 
patients, 78.8% are also sensitized to the soybean allergen 
Gly m 4 [33]. All patients from Northern China with spring 
pollen allergy and experiencing food allergy are allergic to 
birch pollen and Bet v 1, and a strong correlation of sIgE 
levels between Bet v 1 and Mal d 1, Pru p 1 was observed 
(Fig. 2A). Patients mono-sensitized to birch pollen do not 
suffer from food-induced anaphylaxis [42]. The profilin in 
birch pollen (Bet v 2) is also able to induce wide cross-
reactivity with plant foods, such as litchi [57]. Besides birch, 
related tree-plant species in Southwestern China also need 
further investigation, such as Alnus nepalensis which is 
abundant in the Yunnan province and induces pollen allergy 
[58, 59]. Other tree and weed pollens can also lead to cross-
reactivity with plant-foods, such as peanut allergy caused by 
pollen of Platanus and Juglans [60].

Genuine grass pollen allergy in China has been found 
to be relatively low [61]. Most grass pollen-sensitized 
patients experience other weed or tree pollen allergies, 
with profilin and cross-reactive carbohydrate determinants 
(CCD) identified as significant contributors [27]. This is 

Table 1   The food-pollen allergy syndrome reported in China

Pollen Cross Reactive Food

Artemisia spp. peach, plum, apricot, cherry, apple, pear, kiwi fruit, tomato, carrot, celery, gouji, peanut, chestnut, 
hazelnut, mango, sunflower seed, wheat, various (kidney, soy) beans, maize, cumin or fennel, 
coriander herb, rice, chinese cabbage, litchi, sesame, mustard, grape, orange, walnut, chinese 
bayberry, jujube, pomegranate, durian, dragon fruit, avocado, blueberry, garland chrysanthemum

Betula spp. peach, plum, apricot, cherry, apple, pear, carrot, celery, chestnut, hazelnut, mango, litchi, potato, melon
Humulus scandens melon, blueberry
Ambrosia melon, watermelon, banana
Hevea brasiliensis kiwi, chestnut, papaya, banana
Platanus, Juglans peanut
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a good indication that cross-sensitization between grass 
pollen and plant-foods in China is probably caused by these 
pan-allergens. CRD should be used to distinguish between 
genuine and spurious grass pollen allergy.

Clinical Diagnosis with Allergen Molecules

The majority of cross-reacting plant allergens are 
involved in the plant defense system [62], such as the 
pathogenesis-related (PR) proteins PR-10 (e.g. Bet v 1) 
and PR-14 (nsLTP). Currently, clinical diagnosis still 
relies on crude allergen extracts, which have low levels 
of allergenic molecules, and are challenging in terms of 
standardization. Moreover, cross-sensitization and genu-
ine allergies cannot be distinguished using these extracts, 
resulting in limited diagnostic efficiency. The increas-
ing number of available allergen molecules creates novel 
diagnostic opportunities. Highly purified native or recom-
binant allergens are increasingly used for in vitro diag-
nosis, known as component-resolved diagnosis (CRD) 
[63]. CRD overcomes the disadvantages of traditional 
extract-based diagnosis, and has become an important 
tool for personalized and accurate diagnosis. Below we 
describe relevant molecular characteristics of the major 
cross-reactive plant allergens.

PR‑10 Related Food Allergies

PR-10 is an acidic protein with a molecular weight of 
16–18 kDa. It has low thermal stability and proteolytic 
resistance [64], and thermal treatment can easily decrease 
allergenicity. Patients with PR-10 allergies usually have 
OAS [65]. The major birch pollen allergen Bet v 1 was the 
first PR-10 allergen identified, with 56–59% similarity to 
homologous allergens from several Rosaceae fruits, causing 
relatively high cross-reactivity. In China, some birch pollen 
allergic patients subsequently developed Rosaceae fruit 
allergy, with the sIgE levels of Bet v 1 in general higher 
than Mal d 1 or Pru p 1 (Fig.  2A), indicating primary 
sensitization from Bet v 1. Peach Pru p 1 and apple Mal d 
1 cross-react with the Bet v 1 homologue from local birch 
pollen allergen in Northern China, resulting in mild OAS, 
similar to the situation in Central and Northern Europe [33, 
44, 45, 48, 66]. Since there are a limited number of birch 
trees planted in populous urban regions, Pru p 1 and Mal d 
1 positivity is very low in Northern China. Bet v 1-related 
allergies are also rare in Southern China, where birch trees 
are virtually absent. In addition to Mal d 1 and Pru p 1, 
cross-reactivity occurs between Bet v 1 and other plant-
foods, such as soybean Gly m 4. Bet v 1 also appears to 
be the potential sensitizer causing cross-reactivity with the 
mango allergen Man i 2 [34].

nsLTP Related Food Allergies

nsLTP is a class of small molecular proteins that can be 
divided into nsLTP1 (9–10 kDa) and nsLTP2 (6–7 kDa). 
Most allergens belong to nsLTP1, with an isoelectric point 
close to nine [67]. The protein contains four α-helices con-
nected by disulfide bonds that fold into a stable compact 
structure [68]. LTP is usually accumulated in the outer epi-
dermal cell layers of plants: it has high stability and resist-
ance to thermal processing and pH changes. It can cause 
severe allergic reactions through respiratory or gastrointes-
tinal contact [69]. Unlike the highly conserved PR-10 aller-
gen, nsLTP allergens from different sources have signifi-
cant sequence variations with similarity ranging from 25 to 
67% [70]. LTP is a pan-allergen widely present in numerous 
plant tissues and is the major allergen involved in pollen-
food cross-reactivity in China [11, 14]. Pru p 3 and Art v 3 
(Fig. 2B) are the most representative nsLTP allergens. LTP 
from Artemisia pollen is considered the biomarker for severe 
food-pollen allergies in China [11, 14, 44, 71]. In Northern 
China, over 90% of peach allergic patients are sensitized to 
Pru p 3 due to cross-reactivity to Art v 3 homologous pol-
len allergens from different Artemisia spp. In these patients, 
Art v 3 sIgE titers are higher than those against Pru p 3 
(Fig. 2B), as is also demonstrated by homologous and het-
erologous ImmunoCAP inhibition experiments [11]. These 
results support the hypothesis of Artemisia pollen nsLTP 
being the primary sensitizer for Pru p 3-allergy in North-
ern China. Some Pru p 3 sensitized patients from Southern 
China reported more severe symptoms when they consumed 
peach varieties of high Pru p 3 content after traveling to 
Northern China during the peak Artemisia pollen season. 
This may be explained by Artemisia nsLTPs enhancing the 
specific IgE production, as exposures to Art v 3, for exam-
ple, have been shown to induce subsequent sensitization to 
peach Pru p 3 in mice [72].

Artemisia pollen nsLTPs are the dominant primary 
sensitizers for peach and other food (fruit) allergens in 
China. With the amino acid composition and structural 
knowledge available for Artemisia nsLTPs, sequence 
identity searches can provide further insight into the 
mechanism of cross-sensitization to peach. Alignment of 
different nsLTP sequences showed two highly conserved 
regions around two lipid-binding motifs (Fig. 3). These two 
regions have been identified as major T-cell epitopes for 
both Art v 3 and Pru p 3 [73, 74]. IgE binding epitopes 
identified for Pru p 3 and Art v 3 are located mainly in two 
regions (33-47aa, 72-82aa) and a C-terminal lysine residue 
(K). These regions overlap with the most conserved amino 
acids of both nsLTPs, suggesting a role as cross-reactive 
sites [75–77]. Following on from the first epitope region, 
the alanine residue 48A is unique in Art an 3 from A. annua 
species in China, which is identical in Pru p 3 and the 
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majority of other plant food nsLTPs. We hypothesize this 
alanine plays a pivotal role in primary sensitization, and 
may explain why cross-sensitization to plant food nsLTPs 
occurs so frequently in Northern China, Japan, Korea 
and Mediterranean countries, where there is widespread 
distribution of A. annua [78–81]. Art an 3 is worth 
investigating as its IgE binding epitope 42–54 is identical to 
Pru p 3 and other food nsLTPs (Fig. 3). This may contribute 
to the high prevalence of cross-reactive peach allergy 
related to Artemisia-nsLTP sensitization in Northern China. 
Peach fruit and Artemisia pollen allergy is also common in 
Mediterranean countries, but peach has been considered as 
the primary sensitizer [65, 81–83]. However, A. annua is 
the second key pollen source in Southern Europe, after A. 
vulgaris [78], its impact on airway and nsLTP-related food 
allergy should be reconsidered.

Apart from fruits, cross-reactivity between Art v 3 and 
peanut allergen Ara h 9 is also significant in Northern China: 
of the peanut-allergic patients, 66.7% had a specific sensitiv-
ity to only Ara h 9, excluding all other peanut allergens. All 
of them are also sensitized to Art v 3, and a significant cor-
relation of IgE values is observed [84], suggesting a strong 
cross-reaction.

The greater sequence diversity and higher exposure to 
Artemisia pollen nsLTP isoforms in China may further 
increase the possibility and wide range of cross-reactivity 
to plant foods such as peach, apricot, plum, cherry, apple, 
pear, chestnut, gouji, Chinese bayberry, peanut, beans, sun-
flower seed maize and blueberry. The utilization of puri-
fied natural or recombinant “China-specific” iso-allergen 
components and variants of Artemisia nsLTPs will facilitate 
further investigation of the clinical relevance for Artemisia 
pollen-associated food allergies and to develop a hypoal-
lergenic vaccine.

Profilin Related Food Allergies

Profilin is a small molecular protein (12–16  kDa) with 
poor thermal stability and proteolytic resistance, expressed 
in almost all plants. This protein is highly conserved 
between different plants and responsible for the extremely 
common cross-reactions between pollen and plant-derived 
foods. Pollen-source profilin is the primary sensitizer [85]. 
Although profilin is known as a minor allergen in most plants 
and with low abundance, its clinical relevance has been 
debated [86], and recent studies have shown that profilin 
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~ISCGQVNSALAPCIPFLTKG-GAPPPACCSGVRGLLGALR-TTADRQAACNCLKAAAGSLRGLNQGNAAALPGRCGVSIPYKISTSTNCATIKF
~LSCGQVNSALAPCITFLTKG-GVPSGPCCSGVRGLLGAAK-TTADRQAACNCLKAAAGSLHGLNQGNAAALPGRCGVSIPYKISTSTNCATIKF
TVTCGQVASALSPCISYLQKG-GAVPAGCCSGIKSLNSAAK-TTGDRQAACKCLKTFSSSVSGINYGLASGLPGKCGVSVPYKISPSTDCSKVT~
AVTCGQVASSLAPCIPYARSAGGAVPPACCSGIKTLDGMAR-TTPDRQATCKCLKSASTSISGINYGLVASLPAKCGVNIPYKISPSTDCARVK~
VITCGQVASSVGSCIGYLRGTVPTVPPSCCNGVKSLNKAAA-TTADRQAACECLKKTSGSIPGLNPGLAAGLPGKCGVSVPYKISTSTNCKAVK~
~ITCGQVASNISPCLTYVKSG-GAVPAACCSGIRNLNGMAK-TTADRQAACNCLKQAAGGIKGLNPNLAAGLPGKCGVSVPYKISTTTNCAAVK~
AVSCGQVASALAPCISYVTGG-GAVPPQCCSGIRTINNSAK-TTPDRQAVCKCLKSTAGSISGLKPGLVAGLPAKCGVNVPFKISTSTNCATVK~
~ITCSQVSANLAPCINYVRSG-GAVPPACCNGIKTINGLAK-TTPDRQAACNCLKNLAGSVSGVNPGNAESLPGKCGVNVPYKISTSTNCATVK~
~ITCGQVTSSLAPCIGYVRSG-GAVPPACCNGIRTINGLAR-TTADRQTACNCLKNLAGSISGVNPNNAAGLPGKCGVNVPYKISTSTNCATVK~
~ITCGQVTSSLAPCIGYVRNG-GAVPPACCNGIRTINSLAR-TTADRQTACNCLKNLAGSISGVNPNNAAGLPGKCGVNVPYKISTSTNCATVK~
~LTCGQVSSNLAPCIAYVRGG-GAVPPACCNGIRNINNLAK-TTADRQTACNCLKQLSASVPGVNANNAAALPGKCGVNVPYKISPSTNCATVK~
~ITCGQVSSNLAPCINYVKGG-GAVPPACCNGIRNVNNLAR-TTADRRAACNCLKQLSGSIPGVNPNNAAALPGKCGVNVPYKISASTNCATVK~
~ITCGQVSSSLAPCIGYVRGG-GAVPPACCNGIRNVNNLAR-TTPDRRTACNCLKQLSGSISGVNPNNAAALPGKCGVNIPYKISASTNCATVK~
AVSCGQVDTALTPCLTYLTKG-GTPSTQCCSGVRSLKSMTGTKVPDRQAACNCLKQAAARYQGIK-DAAAALSQKCGVQLSVPISRSTDCSKIS~
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Fig. 3   Amino acid sequence comparison of different food and pollen 
nsLTP allergens.Sourced from the WHO/IUIS database (www.​aller​gen.​
org), only Chinese bayberry (Morella rubra) LTPs were derived from 
genome sequences (https://​www.​ncbi.​nlm.​nih.​gov/​Traces/​wgs/​RXIC02). 
The most conserved regions in different nsLTPs are boxed in red; LTP 
sequence variants from different Artemisia spp. pollens are in green. Blue 
lines indicate T cell epitope regions [73, 74] and   as Pru p 3 IgE bind-

ing sites [75, 76],   as Art v 3 IgE binding epitopes [77]. Purple bars 
indicate conserved lipid binding motif position. Minor modification of 
Fig. 2 at page 225 from Gao ZS, Molecular approaches to peach and Arte-
misia  pollen allergies in China, PhD thesis, University of Amsterdam, 
15-Feb. 2022. https://​dare.​uva.​nl/​search?​ident​ifier=​cf8ec​9ea-​5899-​43d7-​
b4b8-​370a8​3ab3c​49

http://www.allergen.org
http://www.allergen.org
https://www.ncbi.nlm.nih.gov/Traces/wgs/RXIC02
https://dare.uva.nl/search?identifier=cf8ec9ea-5899-43d7-b4b8-370a83ab3c49
https://dare.uva.nl/search?identifier=cf8ec9ea-5899-43d7-b4b8-370a83ab3c49
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can act as a major allergen in certain plants causing clinical 
symptoms, such as Cit s 2 in citrus [87], Cuc m 2 in melon 
[88], and Pla a 4 in Platanus acerifolia pollen [89]. Cross-
reaction between Artemisia pollen and various fruits (such 
as peach, mango, litchi, pineapple, etc.) induced by profilin 
has previously been demonstrated (Fig. 2C) [34, 51]. In birch, 
the profilin Bet v 2 is also an important pan-allergen which 
leads to wide cross-reactions with foods [57]. Because the 
amount of food ingested is much higher than the inhaled 
pollen, so the potential risk of food profilin is also higher. 
Besides foods, profilin can also cause the cross-reaction 
between different pollens, for example between mugwort and 
ragweed, Bermuda and timothy grasses [90, 91].

Defensin‑Related Food Allergies

Plant defensins are classified within the PR-12 protein fam-
ily, mainly expressed in peripheral cell layers [92]. Artemisia 
pollen defensin (Art v 1, Art an 1, etc.) is the most repre-
sentative defensin allergen and is the major Artemisia aller-
gen in China [48, 93]. Although there is no direct evidence 
from scientific research for this group of allergens being 
involved in pollen-food allergy in China, research from other 
countries has indicated the possible association with severe 
reactions [94]. IgE inhibition assays indicate cross-reactivity 
between Art v 1 and the celery defensin allergen Api g 7 
[95], mango allergen [96] and sunflower seeds [97], with Art 
v 1 being the potential primary sensitizer. Defensin has also 
been identified as a food allergen in peanut (Ara h 12 -13) 
and soybean (Gly m 2) [98]. Considering the wide cross-
reactivity between Artemisia pollen and plant foods, and the 
high prevalence of Art v 1 in Chinese patients, its effect in 
China needs further investigation.

Gibberellin‑Regulated Protein(GRP)‑Related  
Food Allergies

GRP is a small (7–8 kDa), cysteine-rich, highly conserved, 
heat-stable, and digestion-resistant protein, which can induce 
severe symptoms [99]. It has been identified as a food aller-
gen in peach (Pru p 7), cherry (Pru av 7), apricot (Pru m 7), 
chili (Cap a 7), and as a pollen allergen in cypress (Cup s 
7) and Japanese cedar (Cry j 7). Food GRP allergens didn’t 
show any cross-reactivity with Artemisia allergens. Peach 
GRP-sensitization is probably due to the Pru p 7 allergen 
itself [99], although primary sensitization to cypress pollen 
has been presumed in France [100] and Japan [101]. The 
local junipers (Juniperus chinensis) and cedar (Cryptomeria 
spp.) pollens are the most common causes of spring pollen 
allergies in China, also related to clinical symptoms of food 
allergy in China. GRP is a serious candidate requiring fur-
ther confirmation.

Other Allergens Related to Food Allergies

For Chinese patients, chitinase has been identified as the 
major mango allergen (Man i 1) [34], and it is also an impor-
tant allergen in latex and Japanese cedar pollen. Chitinase is 
also found in A. annua, sharing 57% sequence identity with 
Man i 1 in mango, however, their potential cross-reactivity 
to pollen needs further study. We noticed the instability 
nature of fruit chitinase which affected the diagnosis.

Cross-reactivity between the ragweed pollen enolase 
(Amb a 12) and peach, apple, kiwi has been demonstrated 
[102], and recently, new enolase allergens from A. siever-
siana and plane tree pollen [103] have been identified in 
China, sharing 87% and 86% sequence identity, respectively, 
with Amb a 12. This suggests that enolases might be pan-
allergens in pollen and plant-foods, requiring further inves-
tigation to determine the cross-reaction with foods in China.

CCDs are clinically irrelevant cross-reactive carbohydrate 
determinants, causing spurious cross-sensitization in pollen 
and food. Carbohydrate determinants used as inhibitor could 
prevent false positive results in pollen and food allergy tests 
and improve the diagnostic accuracy [104, 105].

Diagnostic Procedures and Methods 
in Food‑Pollen Cross‑Reactive Allergies

Diagnostics

Food-pollen allergies are clinically under-diagnosed as 
most food-allergic patients tend to avoid the corresponding 
foods, with most information obtained from self-reporting 
and questionnaires, whereas only some severe food allergy 
cases are diagnosed by clinicians. Skin-prick test (SPT) and 
in vitro sIgE measurement with fresh food or crude extract 
are the most common diagnostic tools in China. However, 
they do not establish the existence and origins of cross-
reactivity, overall resulting in poor accuracy with regard 
to the present data. Currently, only a few common aller-
gen components have been used in clinical diagnosis, and 
single-plex platform (Phadia, etc.) is the major method of 
in vitro sIgE measurement.

The progress in biotechnology provides the possibility of 
producing substantial quantities of pure recombinant aller-
gens as a tool for precise diagnosis in vitro or in vivo and for 
better treatment and prevention of allergenic disorders [106]. 
Advancements have been made in specific IgE tests using 
multiplex platforms (such as solid microarray chip), which 
enable simultaneous testing of IgE reactivity to a large num-
ber of allergens from various selected sources [107]. One 
of the benefits of this technology is that only very small 
amounts of allergens are required [108]. This method is use-
ful for those patients with multiple and complicated allergen 
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sensitizing patterns. However, the multiplex platform system 
has been more often used in research settings than in clini-
cal practice, but it is more suitable for the identification of 
cross-reactivity [107].

CRD has been used in peach [45], mango [34], peanut 
[84], Artemisia [48], birch [2], walnut [2], and timothy 
grass [61] in China, and some promising results have been 
obtained. However, more CRD data is needed to get a com-
prehensive spectrum for the development of more effective 
CRD diagnostic panels for Chinese patients.

The basophil activation test (BAT) is also a powerful tool. 
In Artemisia-related peach-allergic patients, BAT with Pru 
p 3 using CD63 as a biomarker can discriminate between 
systemic reaction and Pru p 1-caused OAS [109]. It must be 
emphasized that all the measurements need to be combined 
with a detailed clinical history for a final interpretation.

Prevention

Based on CRD results, the risk of symptoms in patients 
can be predicted, which enables timely implementation of 
corresponding preventive and treatment measures: patients 
with nsLTP allergy are at a higher risk of severe aller-
gic reactions. This makes it necessary to strictly avoid the 
corresponding allergens, and receive appropriate medica-
tion and immunotherapy treatments (as shown Fig. 4). A. 
annua sublingual immunotherapy has been developed in 
China and has proved to be an effective and safe treatment 

[110–112], its effect on mugwort-related food allergy 
needs further investigation.

Nowadays, the majority of CRD reagents used in China 
are from Europe. While these reagents are generally suit-
able for Chinese patients, their IgE binding capacity may 
be lower than that of the homologous allergen components 
from local sources [46]. However, for certain specific 
allergic sources, locally sourced regents are necessary. To 
address the specific food-pollen allergy pattern in China, 
more relevant allergen components, especially for the Arte-
misia-related molecules, should be identified and produced 
to construct a high-throughput CRD platform which is suit-
able for Chinese patients.

Future Perspectives

Food-pollen allergies are under-diagnosed in China due to 
the lack of effective diagnostic tools and insufficient iden-
tification of the relevant allergens. Further efforts should 
be made to establish a more comprehensive panel and 
develop efficient diagnostic and treatment approaches. In 
China, many universal and local plant foodstuffs have been 
reported as allergenic sources. Some established allergens 
from Europe can be employed as starting references to con-
firm their allergenicity and to characterize the molecular 
and immunological properties of newly identified allergens 
in China, including their cross-reactivity with pollens. Other 

Fig. 4   Diagnostic algorithm of food-pollen allergy in China
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novel allergens and special iso-allergens will follow if asso-
ciated allergies become a public health concern. Some com-
panies are attempting to develop allergen molecular diagnos-
tic platforms and protocols to fill the gap between research 
and clinical needs.

This review summarizes the food-pollen allergy syn-
drome and its molecular basis in China, providing effective 
information for clinical diagnosis and treatment. With the 
increase in CRD information obtained in China, further anal-
yses can facilitate the development of algorithms and models 
to better predict the risk of severe allergic reactions. This 
risk may eventually be quantified using predictive formulas 
to help clinicians manage allergic diseases more effectively.
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