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Pollen-food allergy syndrome in China
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ABSTRACT
Little is known about pollen-food allergy syndrome (PFS) in China.
To investigate the clinical characteristics, as well as sensitization
patterns, of PFS in China. Clinical parameters and serum
Immunoglobulin E (IgE) responses to prevalent pollens, plant
foods and corresponding allergen components were evaluated.
The top three most common pollen-associated allergenic foods
were peach, apple and pear. Fifty-nine percent of the patients
with PFS were allergic to peach. Sixty-one percent of PFS patients
developed systemic reactions with or without oral cavity
discomfort upon ingestion of the culprit food. Positive IgE
responses to nonspecific lipid transfer proteins occurred in 69.9%
of PFS patients, which was in accordance with the high
prevalence of systemic reactions. Peach was the most common
allergenic food in PFS patients. Patients with PFS in China showed
an LTP-dominant sensitization profile and usually presented
systemic reactions upon consumption of the allergenic foods.
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1. Introduction

Pollen allergy is one of the most common chronic allergic diseases in western countries
(Platts-Mills, 2015; Salo et al., 2014), as well as in Northern China (Li et al., 2009,
2012). Pollen-related food allergy, i.e. pollen-food allergy syndrome (PFS), is also
common, and PFS is the predominant type of adult food allergy in some countries
(Asero et al., 2009; Skypala et al., 2011). Symptoms of PFS range from mild oral cavity dis-
comfort to serious systemic reactions or even life-threatening anaphylactic shock (Webber
& England, 2010). In addition to the seasonal outbreak of pollen-elicited symptoms, PFS-
associated food reactions are often perennial (Geroldinger-Simic et al., 2011). PFS can
arouse long-term, persisting inflammatory and progressive disorders in the oesophagus
(Mahdavinia et al., 2017). PFS noticeably affects health-related quality of life (Beyer,
Franke, Simon, & Treudler, 2016; Ludman et al., 2016), especially for those sufferers
who have multiple food allergies (Beyer et al., 2016).
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It is difficult to estimate the accurate prevalence of PFS, because people who suffer from
mild discomfort upon exposure to the allergenic food may simply avoid it instead of
reporting their symptoms to a physician. A population-based investigation from Britain
reported a two percent prevalence of PFS (Burney et al., 2014), while in British children
with seasonal allergic rhinitis, the prevalence of PFS seemed to be relatively high and
increase with age (17% in children under 5 years old, and as high as 78% in children
beyond 10 years old) (Ludman et al., 2016). According to previous reports from middle
and southern Europe, approximately 30–70% of pollinosis sufferers have also developed
PFS (Cuesta-Herranz et al., 2010; Flores, Cervera, Sanz, Diaz-Perales, & Fernández,
2012; Geroldinger-Simic et al., 2011), especially patients who are allergic to birch
pollen, as more than 70% were reported to have PFS (Geroldinger-Simic et al., 2011).
The most frequently reported allergenic foods were apples, hazelnuts and kiwifruit. In
Japan, the prevalence of PFS in pollen-sensitized individuals is approximately 4.1%
(Maeda, Inomata, Morita, Kirino, & Ikezawa, 2010). In America, median estimates of
the prevalence of PFS among patients with a pollen allergy are 5% among children and
8% among adults (Ma, Sicherer, & Nowak-Wegrzyn, 2003).

The association between pollinosis and pollen-food allergies has been fully elucidated in
the literature (Egger et al., 2006; Jimenez-Lopez, Gachomo, Ariyo, Baba-Moussa, & Kotchoni,
2012; Morales, López-Matas, Moya, & Carnés, 2014). Advances in molecular biology have
allowed the isolation and purification, as well as recombinant production, of allergens to
become reality. Panallergens are cross-reactive allergen components from different sources
with similar structures and Immunoglobulin E (IgE) reactivities, such as PR-10 proteins, non-
specific lipid transfer proteins (nsLTPs), and profilins. Extensive knowledge of panallergen
existence was the foundation of PFS (Hauser, Roulias, Ferreira, & Egger, 2010; Jimenez-
Lopez et al., 2012; Morales et al., 2014; Scheurer et al., 2001). In a study by Mastrorilli
et al. (2016), five panallergen sensitization patterns were identified in Italian children with
PFS, including the following: (i) co-sensitization to ≥2 panallergens; (ii–iv) sensitization to
either a profilin, nsLTP, or PR-10, respectively; and (v) no sensitization to panallergens.

Little is known about PFS in China. In this study, the clinical characteristics and sen-
sitization patterns of 83 patients with PFS were evaluated. Forty-six pollinosis sufferers
without PFS were included as controls. All the patients were from Northern China,
where pollinosis is prevalent in spring, as well as in late summer and autumn.

2. Materials and methods

2.1. Subjects

According to the results of an airborne allergen investigation in China (Ye, Zhang & Qiao,
1988), patients allergic to one or more of the seven species of spring pollens, including
poplar, elm, white ash, birch, juniper, phoenix and willow trees, and/or at least one of
the eight species of late summer and autumn pollens, including mugwort, Humulus japo-
nicas, ragweed, goosefoot, Cirsium japonicum, Kochia scoparia, Bermuda grass and
Timothy grass, were recruited. The study included 83 patients with PFS (PFS group)
and 46 pollinosis sufferers without pollen-food allergies (PS group). Pollinosis was
defined as seasonal rhinitis and/or asthma occurring with or without conjunctivitis in
the pollen seasons, together with a confirmed IgE sensitization by a skin test and/or
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serum IgE response to a pollen extract. Plant food allergy was diagnosed based on a con-
vincing history and confirmed IgE sensitization to corresponding plant food. Patients in
the PS group never experienced any adverse reactions to any kind of food.

All participants were recruited as outpatients from the Allergy Department at Peking
Union Medical College Hospital (Beijing, China). All the diagnoses were made by experi-
enced allergists at the clinic. Clinical parameters of the patients were carefully collected
and re-evaluated by an additional allergist. This research protocol was approved by the
Ethical Committee of Peking Union Medical College. Written informed consent was
obtained from each participant prior to study inclusion.

2.2. Serological analysis

Serum total IgE antibodies (tIgEs) and specific IgE antibodies (sIgEs) against whole
extracts of 15 species of pollens (the previously mentioned 7 that appear in spring and
8 that appear in late summer and autumn) and 12 kinds of plant foods, as well as 10 com-
ponent allergens from panallergen families, were detected using an ImmunoCAP system
(Thermo Fisher, Uppsala, Sweden). We used 0.35 kU/L as a cut-off for sIgE levels.

2.3. Statistical analysis

SPSS 16.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used to analyse the data.
Frequencies of qualitative variables were compared with Pearson’s chi-squared test. Spear-
man’s rank correlation coefficient (ρ) was used to quantify correlations between variables.
Comparisons of quantitative variables were carried out using Student’s t-test, in the case of
normally distributed data, or the Mann–Whitney U-test, in the case of a non-normal dis-
tribution. A p-value <0.05 was considered statistically significant. A multiple regression
analysis was used to explore the possible risk factors or protective factors for the develop-
ment of PFS in pollinosis sufferers. A univariate analysis was used to assess the odds ratios
(ORs) of relevant variables. ORs are reported with 95% confidence intervals (CIs).

3. Results

3.1. Study population and clinical parameters

Eighty-three pollinosis sufferers with PFS and 46 pollinosis sufferers without PFS were
recruited for this study. The clinical characteristics of both groups are shown in
Table 1. PFS patients had a lower level of tIgE and a higher frequency of dust mite sensit-
ization than PS patients. No significant difference was found in age of admission, age at
pollinosis onset, sex, pollen seasons, or pollinosis duration. More females were enrolled
than males, and this disproportion was even more evident in the PFS group (57.8% vs.
42.2%, respectively, p = 0.04).

3.2. Pollen sensitization and symptoms

The distribution of pollen sensitization, as confirmed by serum-specific IgE tests, is shown
in Figure 1. Pollinosis to late summer and autumn pollens seemed to be more common
than that to spring pollens. Although the seasonal pollens showed similar sensitization
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frequencies, fewer patients who were sensitized to spring pollens presented clinical respir-
atory symptoms in comparison to the patients who were sensitized to late summer and/or
autumn pollens (Figure 1 and eTable 1). Juniper pollen allergy and mugwort and ragweed
pollen sensitizations were significantly more common in the PS group than in the PFS
group (Figure 1 and eTable 1). Only seven patients in total were monosensitized to
birch (n = 5, PFS group), mugwort (n = 1, PFS group) and Humulus japonicas (n = 1, PS
group). All the remaining patients were sensitized to two or more species of pollen. PFS
patients tended to exhibit both upper and lower respiratory symptoms (rhinitis compli-
cated by asthma or cough) more frequently than PS patients (54.2% vs. 39.1%,
respectively).

Table 1. Characteristics of patients with and without plant food allergy.
PFS (N = 83) PS (N = 46) p–value

Female, n (%) 48 (57.8) 24 (52.2) 0.535
Age of admission, years, median (range) 27 (7, 62) 29 (6, 54) 0.956
tIgE, kU/L median (range) 173.6 (27.3, 1314.0) 346.9 (29.8, 1817.0) 0.027
House dust mites sensitization 21 (25.1) 22 (47.8) 0.009
Pollen seasons n (%) 0.808
Spring 10 (12.0) 7 (15.2) 0.610
Late summer and autumn 41 (50.6) 24 (52.2) 0.763
Both 32 (37.3) 15 (32.6) 0.502

Pollen-associated symptoms, n (%)
Rhinitis 38 (45.8) 26 (56.5) 0.243
Rhinitis with asthma or cough 45 (54.2) 18 (39.1) 0.101
Asthma or cough 0 (0) 2 (4.3) n.d.

Age at onset, years, median (range) 21 (3, 53) 20.5 (3, 42) 0.901
Pollinosis duration, years, median (range) 7 (1–29) 5 (1–30) 0.702

Note: PFS: pollinosis sufferers with plant food allergy; PS: pollinosis sufferers without plant food allergy; n.d.: not determined.

Figure 1. Pollen sensitizations and allergies in both PFS and PS groups. Statistical significances are indi-
cated by lowercase letters: (a) comparison between pollen sensitization and allergy in the PFS group;
(b) comparison between pollen sensitization and allergy in the PS group; (c) comparison between the
PFS and PS groups in pollen sensitization; (d) comparison between the PFS and PS groups in pollen
symptom.
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3.3. Food sensitization and symptoms

Figure 2(a) shows positivity rates of corresponding food IgE sensitization and its clinical
translation in the total 129 pollinosis sufferers. Clinical translation rate of IgE sensitization
to different foods differs a lot. Peach had the highest rates of both IgE sensitization and
clinical translation. Only 1% patients sensitized to celery had symptoms, while its IgE sen-
sitization rate was as high as 79.8% among all the pollinosis sufferers. Figure 2(b,c) show
sensitizations to the plant foods studied in both the PFS and PS groups. Sensitization fre-
quencies of peach and apple were higher in PFS group than that in PS group (Figure 2(b)).
The sIgE titers of plant foods were comparable in the PFS group and the PS (eFigure 1).
Table 2 shows the reported pollen-food allergies corresponding to different pollen seasons.
The number of plant foods reported by each individual ranged from 1 to 10 foods (the

Figure 2. Plant-food sensitizations and allergies. (a) Clinical translation of food IgE sensitization; (b) sen-
sitization rates of plant foods.
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median was 3). Peach was the most frequently reported pollen-food allergy in all seasons,
followed by apple. The most common allergenic tree nut was hazelnut, especially in
patients with spring pollinosis. Table 3 shows the clinical reactions to the tested plant
foods. The food-associated symptoms with the highest frequency in PFS patients were
oral allergy syndrome (OAS, 72.3%), followed by general urticaria and/or angioedema
(32.5%) and respiratory symptoms (24.1%), including rhinitis, asthma or tightness of
the chest. OAS alone was the most frequent clinical manifestation (38.6%), followed by
urticaria or angioedema with OAS (12%) and gastrointestinal discomfort (8.4%).

3.4. Panallergen sensitization profile

Table 4 shows the panallergen sensitization patterns and relevant clinical symptoms of the
PFS group. A total of 81 of the 83 PFS patients showed a positive IgE response to at least
one of the three tested panallergens, with a remarkably higher frequency than the PS
patients (97.6% vs. 69.6%, respectively, p = 0.000). When assessing the sensitization of
component allergens, higher positive rates of IgE responses to Bet v 1 (37.3% vs.
19.6%), Art v 3 (62.7% vs. 34.8%), Gly m 4 (28.9% vs. 10.9%), Pru p 1 (31.3% vs.
13.0%) and Pru p 3 (57.8% vs. 34.8%) were observed in the PFS group than the PS
group, respectively (Figure 3). With regard to the sensitization patterns of PR-10 proteins
(Bet v 1, rAra h 8, nGly m 4, rCor a 1, and rPru p 1), LTPs (nArt v 3, rAra h 9, rCor a 8, and
rPru p 3) and Profilin protein (Bet v 2) in the PFS group, monosensitization to an LTP was
the most common (33 in 83, 39.8%), followed by monosensitization to a PR-10 (15 in 83,
18.1%) and profilin (11 in 83, 13.3%). In total, 69.9% of PFS patients (58 in 83) were sen-
sitized to any one of the LTPs, and 38.6% of PFS patients (32 in 83) were sensitized to any
one of the PR-10s, while 37.3% of PFS patients (31 in 83) were sensitized to profilin.

Table 2. Reported plant food allergy in patients allergic to pollens of different
seasons.

Allergenic foods
Spring
(n = 10)

Late summer and
autumn (n = 41)

Both seasons
(n = 32)

Peach 10 18 21
Apple 10 9 17
Pear 4 4 7
Apricot 5 2 4
Watermelon 0 6 5
Cherry 4 1 4
Jujube 4 0 2
Plum 2 2 3
Kiwi 4 0 3
Jackfruit 0 0 3
Litchi 0 4 4
Longan 0 5 3
Peanut 1 3 4
Soybean 1 4 1
Hazelnut 7 1 4
Walnut 1 2 2
Almond 3 2 2
Sunflower seed 0 5 2
Sesame 0 0 1
Garlic 0 2 1
Potato 0 2 0
Tomato 1 2 0
Celery 0 0 1
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No positive response to a PR-10 from another source was observed in the case of negative
IgE responses to Bet v 1 and Pru p 1. Likewise, no positive response to an LTP from
another source was found in the case of negative IgE responses to Art v 3 and Pru
p 3. PR-10 sensitization was more common in the group of patients who had OAS com-
pared with those who did not have OAS, and LTP sensitization was more common in the
PS group.

3.5. Multivariate and univariate analyses

Multivariate analysis (PFS vs. PS) showed that the factors having a causal relation with
pollen-food sensitization were tIgE (p = 0.047), sensitization to Art v 3 (p = 0.001) and
sensitization to Bet v 1 (p = 0.020). Sensitization to Art v 3 (ρ = 1.417) and Bet v 1 (ρ =
1.197) were directly proportional to the risk of suffering a food allergy, whereas the associ-
ation with tIgE (ρ =−0.001) was inversely proportional. The ORs for the variables tIgE,
Bet v 1 and Art v 3 were 0.999 (CI: 0.998–1.000), 2.451 (CI: 1.044–5.754) and 3.145

Table 3. Food-associated symptoms of patients with PFS.
Affected organ Cases Percentage

O 32 38.6%
O + S 10 12.0%
GI 7 8.40%
O + R 5 6.0%
R 4 4.8%
O + S + R 4 4.8%
O + R + GI 3 3.6%
SC 3 3.6%
S + R 3 3.6%
O + GI 2 2.4%
S + GI 2 2.4%
S + R + GI 2 2.4%
GI + C 1 1.2%
O + S + GI 1 1.2%
O + C 1 1.2%
O + S + GI + C 1 1.2%
S + C 1 1.2%
C 1 1.2%

Note: O: oral allergy syndrome; S: skin; R: respiratory system; GI: gastrointes-
tinal tract; C: cardiovascular system.

Table 4. Sensitization patterns and clinical relevance of patients with PFS.
Sensitization pattern Total (N = 83) OAS (N = 32) SS (N = 51) p–value

PR-10 14 (16.9) 11 (34.4) 3 (5.9) 0.001
LTP 29 (34.9) 8 (25.0) 21 (41.2) 0.132
Profilin 7 (8.4) 1 (3.1) 6 (11.8) 0.240
PR-10+ LTP 8 (9.6) 2 (6.2) 6 (11.8) 0.477
PR-10+ Profilin 2 (2.4) 2 (6.2) 0 (0) n.d.
LTP+ Profilin 13 (15.7) 4 (12.5) 9 (17.6) 0.530
PR-10+ LTP+ Profilin 8 (9.6) 3 (9.4) 5 (9.8) 1.000
No-panallergen 2 (2.4) 1 (3.1) 1 (2.0) n.d.
Total PR-10 32 (38.6) 18 (56.2) 14 (27.5) 0.009
Total LTP 58 (69.9) 17 (53.1) 41 (80.4) 0.008
Total Profilin 31 (36.1) 11 (34.4) 20 (39.2) 0.657

Note: Comparison of categorical variables between groups was conducted by Pearson’s χ2 or Fisher’s exact test. Cut-off
values for positive ImmunoCAP: 0.35 kU/L for specific IgE antibodies.

OAS: oral allergy syndrome; SS: systemic symptoms; n.d.: not determined due to a small number of patients.
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(CI: 1.482–6.674), respectively. Mite allergy was not significant in the multivariate analy-
sis, but it was correlated to tIgE (rank sum test, p = 0.000); thus, it was just a confounding
factor. In the univariate analysis of food allergen components, the ORs for the variables
Pru p 3, Pru p 1 and Gly m 4 were 2.571 (CI: 1.218–5.427), 3.041 (CI: 1.147–8.065)
and 4.1 (CI: 3.336–9.462), respectively.

4. Discussion

All of the pollinosis sufferers in this study were from Northern China, as pollinosis is mainly
prevalent in this region of China and is relatively rare in the South (Li et al., 2009). In both
the PFS and PS groups, female patients seemed to bemore common thanmale patients. This
was in accord with the present consensus that female adults are predisposed to develop aller-
gic diseases such as asthma, food allergies and anaphylaxis, which might be associated with
the oestrogen receptor-dependent mast cell activation (Jensen-Jarolim &Untersmayr, 2008).
The predisposition for anaphylaxis is especially distinct (Burr & Merrett, 1983; Niestijl
Jansen et al., 1994; Schäfer et al., 2001; Webb & Lieberman, 2006). No differences in the
sex ratio, onset age of pollinosis, duration of pollinosis, or pollen season distribution were
found between the two groups. The PS group had a higher level of serum tIgE and a
higher positivity rate of dust mite sensitization than the PFS group. Dust mite sensitization
was correlated to the serum level of tIgE (rank sum test, p < 0.001) and confirmed to be a
confounding factor in an additional multivariate analysis.

Sensitizations to spring pollens were common, while clinical allergies to spring pollens
were less frequent, compared with late summer and autumn pollens (Figure 1). This is in
accord with a previous multicenter investigation on the prevalence of pollen sensitization
in patients with asthma and or rhinitis in China (Li et al., 2009). The fruits that were the
most common pollen-food allergens in all seasons were peach (59.0%) and apple (43.4%).
The most common allergenic tree nut in PFS patients was hazelnut (14.4%, 12 in 83),
especially in those patients with spring pollinosis (26.2%, 11 in 42; Table 2).

Figure 3. Sensitization rates of component allergens in PFS and PS groups.
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The food-associated reactions with the highest frequency were OAS (72.3%), followed
by general urticaria and/or angioedema (32.5%) and respiratory symptoms (24.1%),
including rhinitis, asthma or tightness of the chest. OAS alone was the most frequent
clinical manifestation (38.6%), followed by urticaria or angioedema with OAS (12%)
and gastrointestinal discomfort (8.4%). Cuesta-Herranz et al. (2010) and Flores et al.
(2012) found that a specific pollen sensitization, such as a Platanus or Artemisia species
(e.g. mugwort), was associated with the development of a pollen-food allergy in Spain.
However, in this study, no specific sensitization to any species of pollen was found to
increase the risk of PFS development. In contrast, juniper, mugwort, and ragweed sensit-
ization seemed to be more common in the PS group compared with the PFS group, but the
prevalence of a relevant pollen allergy was not different between groups. In addition, no
difference was found in the serum levels of specific IgEs against whole extracts of plant
foods between the PFS and PS groups (eFigure 1). Positivity rates of peach and apple sen-
sitization were higher in PFS group than that in PS group (Figure 2(b)). IgE sensitization
to allergen components, such as Bet v1, Art v 3, Gly m 4, and Pru p 3, seemed to be associ-
ated with the development of PFS (Figure 3). PFS patients had a significantly higher
sensitization to Bet v1, Art v 3, Pru p 3 Pru p 1 and Gly m4 [ORs (95% CIs) were
2.451 (1.044–5.754), 3.145 (1.482–6.674), 2.571 (1.218–5.427), 3.041 (1.147–8.065) and
4.1 (3.336–9.462), respectively]. In a study by Mastrorilli et al. (2016), about one-fourth
of the patients with PFS did not show a positive IgE response to any of the three panaller-
gens. However, in the current study, 97.6% of PFS patients (81 in 83) were sensitized to
one or more of the three panallergens, indicating a geographical difference in the sensit-
ization patterns of PFS. Higher frequencies of peach and apple sensitization in PFS group
were in accord with the higher positivity rates of rPru p 1 and rPru p 3 in the same group.
The allergens identified in peach and apple belong to mainly four protein families: PR 10
proteins (Pru p 1 in peach, Mal d 1 in apple, respectively), thaumatin-like proteins (Pru p 2
in peach, Mal d 2 in apple, respectively), LTPs (Pru p 3 in peach, Mal d 3 in apple, respect-
ively) and profilins (Pru p 4 in peach, Mal d 4 in apple, respectively). PR-10s and LTPs are
the most studied clinically relevant panallergens. PR-10s and LTPs from peach and apple
are highly homologous and cross-reactive (Bohle, 2007; Chen et al., 2008; Gaier et al.,
2008; Sánchez-Monge, Lombardero, García-Sellés, Barber, & Salcedo, 1999).

More than two-thirds of the PFS patients showed a positive IgE response to LTPs
(mainly Art v 3 and/or Pru p 3), indicating an LTP-dominant profile of PFS in our
country, which is similar to that in the Mediterranean region (Andersen, Hall, & Dragsted,
2011; Vereda et al., 2011), and this observation was in accord with previous studies on sen-
sitization patterns of food allergies in China (Gao et al., 2013; Ma, Nie, Li, Wang, & Yin,
2016; Ma, Yin, & Jiang, 2013). Prevalent mugwort pollinosis in late summer and autumn
seems to be an important promoting factor (Gao et al., 2013; Ma et al., 2013, 2016; Scala
et al., 2015). Peach was the most common food allergen in patients allergic to pollens
during all seasons. A positive response to an LTP was associated with systemic reactions,
while a positive response to a PR-10 protein was closely related to OAS, which is consistent
with previous observations (Hauser et al., 2010).

Besides sensitization to whole extracts of birch and mugwort pollens, sensitization to Bet
v 1 and/or Art v 3 seemed to be a risk factor for the development of PFS, supporting the idea
that the cross-reactivity between pollen panallergens and their homologue allergens in plant
foods is the basis of PFS development (Egger et al., 2006; Hauser et al., 2010; Jimenez-Lopez
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et al., 2012; Morales et al., 2014; Scheurer et al., 2001). However, the mechanism of PFS is
rather complicated. Still many panallergen-responsive patients did not have food allergy,
and anti-carbohydrate IgE antibodies may be also involved in the extensive existence of
cross-reactivity between pollens and plant foods (Vieths, Mayer, & Baumgart, 1994).
Besides, more other aspects needed to be considered. To some extent, tIgE showed a protec-
tive effect, though not strongly. This was in line with the observation of Erwin et al. (2007). A
higher level of tIgE seemed to be a protective factor for the development of PFS. Horimukai
et al. (2015) found that patients with higher tIgE levels were significantly less responsive in
an oral food challenge (OFC). Gupta et al. found that the ratio of sIgE to tIgE is more accu-
rate than sIgE alone in predicting the outcomes of challenges to confirm tolerance to select
food allergens, especially to peanuts and tree nuts. The allergen sIgE to tIgE ratio for partici-
pants who failed their challenge was higher than the ratio of those who passed their chal-
lenge (1.48% failed vs. 0.49% passed; n = 195) (Gupta, Lau, Hamilton, Donnell, &
Newhall, 2014). This was in accordance with a study by Mehl et al. (2005) that showed
that a higher ratio of sIgE to tIgE correlates with an increased probability of a symptomatic
food allergy. It is well known that IgE-mediated reactions are initiated by the coupling of IgE
receptors to IgEs that recognize different epitopes from the same allergen molecule. A higher
serum concentration of tIgE means more types and higher levels of irrelevant IgEs on the
surface of the same effector cell. These irrelevant IgEs may interfere with the coupling of
the corresponding IgE receptors. Thus, it is easy to understand why higher sIgE and
lower tIgE levels were more likely to trigger clinical reactions.

One of the biggest limitations of this study was that food allergy diagnoses were not
based on OFC tests. However, PFS-associated symptoms usually promptly followed
food ingestion, and the symptoms were specifically recognized by patients. In addition,
a previous study showed that clinical history-based questionnaires and algorithms
achieved satisfactory diagnostic sensitivity and specificity (Skypala et al., 2011).Thus find-
ings in this study are convincing.

Food allergy is worrisome and difficult to predict for pollinosis sufferers. Fortunately,
some sensitive and specific immunoblotting approach for the detection of IgE antibodies
against both pollens and plant foods maybe helpful (Vieths, Schöning, & Baltes, 1992).
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