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vi. Abstract
Background:
There is in Europe variations in geographical exposures, sensitizations and related clinical allergic manifestations to pollens. 
This study analyzed the molecular profile of allergen sensitization of a cohort of birch and/or grass pollen allergic patients with or without pollen-related food allergy. 
Methods: 
Patients with birch and/or grass allergic rhino-conjunctivitis and/or asthma were included and submitted to standardized questionnaire, skin prick tests (aeroallergens and fresh foods) and serum IgE assays. 
Results:
Based on clinical history, 74 patients were included with birch (n=10), grass (n=31) or mixed (n=34) pollen allergy. 
Mono-sensitization to pollen was seen in 10 % of patients. In the birch allergic group, Bet v 1 was the major allergen (100 %); 50 % were co-sensitized to grass pollen and 80 % had a plant food allergy. In the grass allergic group, 50 % were co-sensitized to birch pollen; major allergens were rPhl p 1, nPhl p 4, rPhl p 2, rPhl p 5 b, rPhl p 6 while 32 % had a plant food allergy. In the mixed pollen allergic population, rBet v 1, rPhl p 1, nPhl p 4, rPhl p 5b and rPhl p 2 were major allergens, and food allergy was present in 76 %.  
In the 3 groups, patients with food allergy (mainly oral allergy syndrome) had a stronger and higher prevalence of IgE-sensitization to birch pollen and Bet v 1 allergen. 
Conclusions:
IgE sensitization to birch pollen is frequent in grass allergic patients: Bet v 1 represents a marker of cross-plant food allergy.
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VII. Main text 
1. Introduction
The pollen seasons of Betulaceae and Poaceae are well individualized in most countries (including Belgium where this study was conducted): the first one is occurring between February and the end of April and the second between May and July.1,2 There are however few epidemiologic data in Belgium about pollen-related asthma and/or rhino-conjunctivitis and cross plant-food allergy syndrome.3 In Europe, the greatest exposure to allergenic pollens concerns the Betulaceae family followed by Poaceae.4 Moreover, we observe large variations in the prevalence of pollen sensitization across European countries.5 - 8  The clinical phenotype is influenced by the IgE-sensitization to pollen allergens and to their allergen components. 9 Plant-food allergy (PFA) is frequently observed among people with pollen allergy but the nature of causal allergens and the type of symptoms may differ, notably according to geographical factors.6, 10, 11
The first purpose of this study was to assess the clinical phenotypes in a large cohort of well-characterized pollen allergic patients. The second was to analyze the molecular profiles of IgE-sensitization to pollen allergens and their components according to the presence or absence of pollen-related PFA.  
2. Methods

2.1. Study design				
Between May 2010 and January 2011, the patients were consecutively recruited within our outpatient clinics (chest and ENT departments) from two Belgian centers (Cliniques universitaires St-Luc, Brussels, and CHU UCL NAMUR (Godinne), Yvoir, Belgium). Inclusion criteria were: allergic asthma, rhinitis and/or conjunctivitis (AARC) induced by IgE-sensitization to pollens of Betulaceae and/or Poaceae and present since more than one year during the period going from March to July. Age and sex were not exclusion criteria. All patients were submitted to a standardized questionnaire, skin prick tests (SPT) with aeroallergens and skin prick prick tests (SPPT) with 7 preselected fresh foods (and any other clinically relevant allergen). A blood sample was collected for IgE measurements. This study was approved by two local ethical committees (Ref. 2010/02MAR/071 and Ref. 30/2010 respectively; Belgian Number: B40320108340). All the included patients gave their informed consent.

2.2. Clinical history questionnaire
Questions related to the personal and familial medical history and on diagnosis of pollen sensitization (context, date, diagnostic tools). The current allergic manifestations were listed with specific questions about their beginning, severity and periodicity. In case of PFA, the foods involved, their presentation (raw and/or cooked) and the clinical manifestations were detailed. 

2.3. Definitions

The diagnosis and characteristics of AARC accorded to ARIA and GINA guidelines.12,13  The diagnosis of PFA was based on a suggestive clinical history and positive SPPT to the suspected food.

2.4. Skin testing
The IgE-sensitization to aeroallergens was assessed by SPT performed on the forearms with Stallerpoint® and the commercial extracts of Stallergènes® (Antony, France): Dermatophagoides Pteronyssinus (Dpter), Dermatophagoides Farinae (Dfar), cat, dog dander, pollens of alder, birch, hazel, ash, grass, mugwort, and finally latex, Alternaria and Cladosporium sp., with glycerinated serum and codeine phosphate 9% as negative and positive controls. Systematically, SPPT were performed to hazelnut, peanut, Golden Delicious apple, peach, green kiwi, Alpro® soy milk, raw carrot; additional foods were tested as per clinical relevance. The tests were performed at distance of any antihistamine treatment (>10 days), systemic immunosuppressive drug, local corticosteroid or calcineurin inhibitor (>1 month) with a reading at 20 minutes. A positive response was defined by a wheal’s mean diameter of > 3 mm larger than the mean diameter of the negative control (with a positive reaction to codeine phosphate).

1. 
2. 
2.1. 
2.2. 
2.3. 
2.4. 
2.5.  IgE measurements
The determinations of totIgE and sIgE were performed by ImmunoCAP® (Thermo Fisher Scientific-Phadia AB, Uppsala, Sweden). The sIgE assay included different allergens: Phleum pratense or Timothy grass pollen (TGP), Betula verrucosa or birch pollen (BP), allergen components of Ph. Pratense rPhl p 1, rPhl p 2, nPhl p 4, rPhl p 5b, rPhl p 6, rPhl p 7, rPhl p 11, rPhl p 12, components of BP rBet v 1, rBet v 2, rBet v 4, rBet v 6 and MUXF3 (CCD). All the samples were analyzed centrally by ImmunoCAP ISAC®103 (Thermo Fischer Scientific-Phadia AB, Uppsala, Sweden) for the semi-quantitative determination of sIgE to 103 allergen components. The results were expressed for CAP® test in kUA/L and considered as positive >0.35 kUA/L. For ImmunoCAP® ISAC, data were expressed in ISAC standardized Units (ISU) and considered positive when > 0.3 ISU. 
1. 
2. 
3. Statistical analysis
The normality of the distribution of the quantitative data was tested by the Shapiro-Wilks test. The nonparametric Kruskal-Wallis test was used for the comparison of means between 3 different groups; the parametric Student t test and the nonparametric Mann Whitney U test were used for the comparison of means of 2 independent serial data. The comparison of the distribution of qualitative criteria in 2 or more populations was performed by the Chi-squared test or the exact Fisher test (for small groups). The distribution of one qualitative variable in > 3 populations was analyzed by the Cochran Q test. The limit for significance was set at p=0.05. 
All the statistical analyses were performed with the StatEl© software, version 2.7 2012 (Ad Science, Paris, France: www.adscience.fr).
4. Results 
Eighty seven patients agreed to participate; one was excluded for insufficient blood sample. The Table 1A collects the demographic data of the 86 patients (43 men, 43 women). Twelve patients were excluded because their symptoms were not strictly concordant with the above defined pollen seasons and/or with SPT results.
This population was divided into 3 groups according to the following criteria (Table 1B):
· Birch pollen allergic patients (BPA) presenting with allergic disease from March to April with positive SPT to >2 of the 3 Betulaceae pollens extracts, one of which was BP (n=10);
· Grass pollen allergic patients (GPA) presenting symptoms from May to July with positive SPT to the 5 grass pollen extract (n=31);
· Mixed pollens allergic patients (MPA) presenting symptoms from March to July with positive SPT to Betulaceae pollens (>2 extracts of which BP) and grass pollen extract (n=33).
4.1	Skin sensitization profile 
Based on the results of SPT to aeroallergens, the ratio of mono-/polysensitized patients was 1/10 in BPA and 3/31 in GAP. In GPA and BPA, 5/10 and 16/31 respectively were co-sensitized to the other studied pollen but without related symptom (Fig.1A). 
The prevalence of co-sensitization to other aeroallergens was significantly different between the 3 groups, with a lower prevalence of sensitization to house dust mite (Dpter, Dfar), cat, dog and ash pollen in BPA (p<0.01 for all).
4.2	 Serum IgE sensitization profile
All BPA and GPA had positive sIgE levels to BP and TGP respectively. Both sIgE were >0.35 kUA/L in 32/33 patients of MPA (one with BPIgE = 0.14 kUA/L). The totIgE level was not significantly different between the 3 groups (Table 2).
The IgE-sensitization profile to allergen components was analyzed in the serum of 74 patients (Table 2). In BPA, rBet v 1 was the unique major allergen; 4/10 patients were co-sensitized to rPhl p 1, 3/10 to nPhl p 4. In GPA, rPhl p 1, nPhl p 4, rPhl p 2, rPhl p 5b and rPhl p 6 were major allergens and 48 % of the patients were co-sensitized to rBet v 1. In MPA, rPhl p 1, rBet v 1, nPhl p 4, rPhl p 5b and rPhl p 2 were major allergens while the prevalence of sensitization to rPhl p 6 was near 50 %. (Fig1.)
The median levels of BPIgE and rBet v 1IgE were significantly higher in BPA than in GPA and not statistically different between BPA and MPA (Table 2). The median level of TGPIgE was significantly lower in BPA than MPA and in MPA than GPA. Although some BPA patients were sensitized to rPhl p 1, rPhl p 2, nPhl p 4, rPhl p 5 and rPhl p 11, the corresponding IgE levels were low, and significantly lower than the respective values in MPA and GPA except for rPhl p 11 (similar level in the 3 groups). There was no sensitization to profilins (rBet v 2, rPhl p 12) or to CCD in BPA. A weak sensitization to isoflavone reductase (rBet v 6) was seen in 10 % of BPA. In GPA, levels of sIgE to TGP, rPhl p1 and nPhl p4 were significantly higher than in MPA and those to rPhl p2 and nPhlp 4 higher than in BPA but similar to MPA. Specific IgE to rPhl p 6 was low in both GPA and MPA. IgE levels to the minor allergens (rPhl p 7, rPhl p 11) were low and similar in the 3 groups, as observed for rPhl p 12 in GPA and MPA. In GPA and MPA, the prevalence of sensitization to profilins was 22% and 25%, respectively, while that to polcalcins (rBet v 4, rPhl p 7) was 6.5 % and 3.5%. A weak sensitization was observed to CCD in 19% of GPA and 12 % of MPA. The prevalences of sensitization to components of TGP and BP measured by the ImmunoCAP® ISAC are provided in Appendix 1.
The profile of sensitization to components of BP and TGP was compared between the 3 groups. The results for each component were expressed by a binary number with 0 for the absence of sensitization and 1 for a level of sIgE >0.35 kUA/L (Table 3). In GPA, 5 patients were co-sensitized to the 5 major allergens of TGP (rPhl p 1, rPhl p 2, n Phl p 4, rPhl p 5b and rPhl p 6) without sensitization to BP components, and 10 patients were not sensitized to rPhl p 5b and one of them neither to rPhl p 1. In MPA, 3 were not sensitized to rPhl p 1, with 2 of them not sensitized to the other major TGP allergens, and 3 patients were not sensitized to rBet v 1 with one of them neither to rPhl p 5b. In BPA, all were sensitized to rBet v 1, with 4 of them also co-sensitized to rPhl p 1.
4.3   Food allergy in pollen allergic patients 
PFA was present in 80 % of BPA, 32 % of GPA and 76 % of MPA with a total of 43 out of 74 patients (58%). The PFA prevalence was smaller (Q test, p<0.01) in GPA than in the 2 other groups (Table 1B). In BPA the most frequent plant foods involved were apple, peach and hazelnut; in GPA, hazelnut, peanut and kiwi.
Oral allergy syndrome (OAS) was the most prevalent manifestation of PFA (100 % in BPA, 90 % in GPA and 96 % in MPA patients with PFA). Rhino-conjunctivitis and/or asthma due to food intake was observed in 4/8 patients in BPA and in 4/25 in MPA (reported with apple, potato, carrot, soy milk). Digestive symptoms (mainly epigastric discomfort with cherry) and facial angioedema (due to soy milk, nut) were rare, and none reported anaphylaxis. 
Patients with PFA (n=43) had a higher prevalence of sIgE to BP, rBet v 1 (χ², p<0.0001), and rBet v 6 (p<0.05) than pollen allergic patients without PFA (Fig.2); there was no significant difference for the other allergens. The median levels of BPIgE and rBet v 1IgE were also higher (Mann-Whitney, p<0.0001) in the pollen allergic patients group with PFA than the population without PFA (Fig.2). Similar results were observed for allergen components analysed by ImmunoCAP® ISAC (Appendix 2). The prevalences of IgE-sensitization to the Thaumatin-like protein nAct d2, to lipid transfer proteins (nArt v 3, rPar j 2, rCor a 8 and nPru p 3) and to different families of storage proteins – 7S globulin (nAra h 1, rGly m 5); 2S albumin (nAra h 2, rBer e 1, nSes i 1) and 11S globulin (nAra h 3, nGly m 6, nCor a 9, rAna o 2) - were not significantly different between the groups with and without PFA. Their respective prevalences were below 5 % except for Act d 2 (7 % in PFA group and 10 % in the group without PFA). The levels of sIgE to all these components were not significantly different between the two groups and were globally very low (Appendix 3).
The 3 groups (BPA, GPA and MPA) were analyzed (Fig.3) according to the presence or not of PFA, with comparisons performed between paired sub-groups (Chi2 and Mann-Whitney tests). A larger prevalence of sensitization to rBet v 1 (p<0.05) and a higher level of BPIgE (p<0.05) were observed, with a trend for rBet v 1IgE (p<0.052), in the GPA with PFA sub-group. Higher levels of BPIgE and rBet v 1IgE (both p<0.05) were measured in MPA with PFA as compared with MPA without PFA. 
In BPA with PFA, the prevalence of sensitization to rPhl p2, nPhl p 4 and rPhl p 5b and rBet v 6 appeared higher but with low sIgE levels. In the BPA without PFA, a more frequent, but with low IgE level, sensitization to rPhl p 1 was also seen. In GPA, nine out of 10 patients with PFA were skin reactive to BP and had BPIgE >0.35 kUA/L. Eight out of those 9 patients were sensitized to rBet v 1, with 4 of them co-sensitized to profilins. 
5. Discussion
In this study, we analyzed the molecular profile of IgE sensitization to pollens in patients suffering from allergic conjunctivitis, rhinitis, and/or asthma to Betulacea and/or Poaceae. The patients originated from urban and non-urban regions of central and southern Belgium. GPA and MPA were the most prevalent groups. In GPA and BPA, 10% of patients were mono-sensitized while 50% were co-sensitized (skin prick-test) to the other studied pollen. rBet v1 was the unique major allergen of BP with the highest IgE level compared to GPA and MPA. In GPA, rPhl p 1, rPhl p 5b and nPhl p 4 were the most immunogenic allergens, whereas sensitization to the other major allergens rPhl p 2 and rPhl p 6 was weaker. In MPA, rBet v 1 was largely the most immunogenic over 5 major allergens followed by rPhl p 1 and nPhl p 4. PFA was observed in 58% of the pollen allergic population with the highest prevalence in BPA and MPA (80 % and 76 % respectively) and only 32 % in GPA. In the 3 groups, OAS was the most observed phenotype (>90 %), these patients displaying higher IgE levels to BP and rBet v1 as compared to those without PFA, independently of their respiratory allergic phenotype.
The distribution of pollen allergies in 3 groups is concordant with other European studies including in Belgium.14,15 While some authors reported less monosensitization in BPA and GPA,16, 17 a higher prevalence was observed in other European studies.4,18,19 Among our BPA or GPA, nearly 50% were sensitized to the other studied pollen, while a higher prevalence of sensitization (78 %) to BP was reported by Ghunaim in GPA.17 , further questioning the relationship between pollens at the molecular component level, as well as the mechanism of plant food allergy, in patients sensitized to both BP and GP.
The first interest of this study concerns the prevalence of IgE-sensitization to BP and TGP allergen components and their likelihood ratios for clinical allergy. Our Belgian population seems similar to Northern European population with regards to the major allergens identified in GPA and MPA but closer from Southern populations for rPhl p 7, rPhlp 12, rBet v 2 and rBet v 4 in GPA and MPA.5,6,10,17 This intermediate profile of sensitization in pollen allergies includes an increasing prevalence of rBet v 1IgE-sensitization in GPA and MPA. Serological analysis performed in this study revealed that there were one major allergen in BPA (rBet v 1), 5 in GPA (ranked in decreasing order, rPhl p 1, nPhl p 4, rPhl p 2, rPhl p 5b and rPhl p 6), and 5 in MPA (rBet v 1 and rPhl p 1 followed by nPhl p 4, rPhl p 5b and rPhl p 2). Ghunaim et al 17 reported a similar distribution except for rPhl p 2 and rPhl p 6 in their GPA and rPhl p 5b in their MPA groups, all three remaining minor allergens. In our study, a relatively high prevalence of sensitization to rBet v 1 (48 %) was observed in our GPA patients, which was not observed by Ghunaim and Rossi et al20 who reported a prevalence of co-sensitization of 15 %. The prevalence of sensitization to profilins, CCD and polcalcins were absent in our BPA, as reported by Ebo.21 In GPA and MPA, the prevalence of sensitization to profilins (22 %) is similar to previous studies 19 - 22 but higher than that published by Ghunaim (0 %). In our study, the prevalence of sensitization to polcalcins is below 7 % in GPA and MPA, similar to other publications 20, 22 except that from Ghunaim (0%). In addition, our study highligths the potential role of rPhl p 2 and rPhl p 6 in GPA and rPhl p 2 in MPA. This suggests that the distribution of grass species in our country includes more species with immunological active group 2 allergens than in other regions (particularly the Mediterranean area). 23  
Van Hoeyveld 24 reported in Belgian GPA or BPA that the likelihood ratio for clinical allergy increases with increasing sIgE levels. In our study, there is an evident link between the prevalence of rBet v 1IgE-sensitization, the level of rBet v 1IgE and the role of rBet v 1 in clinical manifestations of BPA. In GPA, this relationship is suggested (ranked in decreasing order) for rPhl p 1, rPhl p 5b, nPhl p 4 and rPhl p 6, partly confirming the results of Tripodi 19 and Ghunaim 17 where Phl p 1 and Phl p 5b were the most clinically relevant allergens. However, while the prevalence of positive rBet v 1IgE was high (>48 %) in GPA, the rBet v 1IgE level and its likelihood ratio for clinical allergy remain low. In MPA, rBet v 1 was the major allergen with the highest likelihood ratio of clinical allergy followed by rPhl p 1, nPhl p 4 and rPhl p 5b. The levels of IgE toward TGP components were lower than in GPA while the rBet v 1IgE level was higher in MPA, accordingly with a previous study. 17 In GPA, rPhl p 1, rPhl p 5b and nPhl p 4 were the 3 most clinically important components (high likelihood ratios and high prevalences), whereas some  GPA patients were not sensitized to one or any of them. This could support the importance to check those components before starting allergen immunotherapy even though, unfortunately, the exact concentration of allergen components in grass allergenic solutions and tablets are missing or limited to rPhl p 1 or rPhl p 5b.25 – 27

The second and probably the main interest of our study concerns the importance of IgE sensitization to rBet v 1 among pollen allergic patients and the link with PFA. We observe a high prevalence of PFA among BPA and MPA associated with IgE-sensitization to BP and rBet v 1, with this later sensitization being also observed in GPA, in line with some previous reports. 3, 28 - 31 Although levels of IgE to rBet v 1 remained quite low in GPA, the prevalence of sensitization to rBet v 1 is significantly higher among GPA with PFA with a significant higher level of BPIgE than in GPA patients without PFA. The level of sensitization to profilins in GPA is lower than that to rBet v 1 and no other relevant allergen was identified. ImmunoCAP ISAC® analyses revealed that sensitization to other plant food components is rare and not clinically relevant. No systemic reaction was reported in this series. Particularly, reactions to hazelnut were strictly consistent with OAS. There were only 8 children included in the study; none were sensitized to nCor a 9.32 In addition, the low sensitization to storage proteins was not discriminant. Nevertheless, we observed a few cases of angioedema or respiratory symptoms in MPA and BPA after the ingestion or peeling of cherries, carrots, apples, soy milk, potatoes associated to PR-10 protein sensitization, and corresponding to ‘loco-regional’ reactions. We know that PR-10 proteins may induce more severe reactions than OAS. 33-35

6. CONCLUSION
We studied the profile of IgE-sensitization to BP and GP in patients suffering from respiratory allergy to pollens, revealing two more specific major allergens in GPA (rPhl p 2, rPhl p 6) and an increased prevalence of co-sensitization to rBet v 1 which underlies pollen-related PFA (OAS mainly) not only in BPA but also in MPA and GPA.  
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iX Tables 
Table I – Demographic data of the global population (n=86) [A] and demographic data of the 3 groups of pollen allergic patients (n=74) [B]
	A
	Total
	Female
	Male

	Global population
	86
	43
	43

	Mean age + SD (yrs)
	32  + 15
	37 + 14†
	27 + 14†

	Population with food allergy n (%)
	49 (57)
	28 (65)
	21 (49 )

	Mean age + SD (yrs)
	36 + 14
	42 + 12‡
	29  + 12‡




	B    
n = 74 
	BPA - Birch pollen allergic patients (n=10)
	GPA - Grass pollen allergic patients (n=31)
	MPA - Mixed pollens 
allergic patients (n=33)

	Sex (number)
	10
	M (5)
	F (5)
	31
	M (18)
	F (13)
	33
	M (15)
	F (18)

	Median age (yrs)
	40.8
	34.5
	56.5
	28.5
	27.2
	28.5
	36
	28.7
	37.2

	Min-Max age (yrs)
	6.6-64
	6.6-39.5
	42-64
	7.5-51
	8.8-41.5
	7.5-51
	8.9-63.3
	8.9-63.3
	18.4-52.5

	Population with food allergy n (%)
	8 (80) *
	3 (60)
	5 (100)
	10*,** (32.3)
	5 (27.8)
	5 (38.5)
	25** (75.8)
	12 (80.0)
	13 (72.2)



M = male; F = female
†In the global population [A], women are significantly older than men (t Student; p<0.001).
 ‡Women with food allergy are older than men with food allergy (Mann-Whitney U: p<0.01).
The difference in prevalence of food allergy between the 3 groups is statistically significant (Cochran Q tests, p<0.01). The comparisons group by group show a significant difference of prevalence of food allergy between *BPA and GPA (Chi², p<0.05), **GPA and MPA (Chi², p<0.01) but not between BPA and MPA (Chi², p<0.47).






Table 2- Prevalence of in vitro IgE-sensitization (CAP® test) and levels of sIgE to pollens and allergen components in the 3 groups of pollen allergic patients

	Tests
	Birch pollen  allergic 
patients (n=10)
	Grass pollen allergic patients (n=31)
	Mixed pollens allergic patients (n=33)
	Kruskal-Wallis 

	Comparison of spIgE levels (group by group)           Mann-Whitney                   


	
	Median IgE level   kUA/L   
[Q25-Q75]
	% IgE-sensitiza-tion (n)
	Median IgE level   kUA/L  
[Q25-Q75]
	% IgE-sensitiza-tion (n)
	Median IgE  level    kUA/L 
 [Q25-Q75]
	% IgE-sensitiza-tion (n)
	p value <
	Birch -Grass      p value <
	Birch -
Mixed        p value 
<
	Grass -
Mixed        p value <

	Total IgE
	151.5               [55.3-357]
	
	257                 [131-354.5]
	
	131                 [75-268]
	
	NS
	
	
	

	Birch (BP)
	35.95              [13.6-48.9]
	100 (10)
	1.16                     [0.1-6.85]
	54.8 (17)
	25.2            [12.3-46.2]
	97 (32)
	0.0001
	0.001
	0.63
	0.0001

	Timothy grass (TGP)
	0.14                   [<0.1-1]
	30 (3)
	27.5                     [4.9-77.7]
	100 (31)
	9.5                [2.6-17.5]
	93.9 (31)
	0.0001
	0.0001
	0.0001
	0.02

	rPhl p 1
	<0.1              [0.1-0.5]
	40 (4)
	15.7                   [3.7-43.4]
	96.8 (30)
	4.8                  [1.4-11.4]
	90.9 (30)
	0.0001
	0.0001
	0.0001
	0.01

	rPhl p 2
	<0.1            [<0.1-<0.1]
	10 (1)
	1.88                    [0.2-8.3]
	71 (22)
	0.71              [<0.1-3.6]
	57.6 (19)
	0.001
	0.001
	0.01
	NS

	nPhl p 4
	0.12               [<0.1-0.34]
	30 (3)
	7.99              [1.6-18]
	90.3 (28)
	2.97                 [1-5.7]
	84.8 (28)
	0.0001
	0.0001
	0.0001
	0.03

	rPhl p 5b
	<0.1              [<0.1-<0.1]
	10 (1)
	13.1               [<0.1-40.1]
	67.7 (21)
	2.13               [<0.1-7.8]
	63.6 (21)
	0.01
	0.01
	0.01
	NS

	rPhl p 6
	<0.1             [<0.1-<0.1]
	0
	4.01           [<0.1-14.5]
	64.5 (20)
	0.3                [<0.1-2.7]
	48.5 (16)
	0.01
	0.01
	0.02
	NS

	rPhl p 7
	<0.1                [<0.1-<0.1]
	0
	<0.1              [<0.1-<0.1]
	6.5 (2)
	<0.1               [<0.1-<0.1]
	3 (1)
	NS
	
	
	

	rPhl p 11
	<0.1            [<0.1-<0.1]
	10 (1)
	<0.1             [<0.1-0.7]
	29 (9)
	<0.1              [<0.1-<0.1]
	9.1 (3)
	NS
	
	
	

	rPhl p 12
	<0.1            [<0.1-<0.1]
	0
	<0.1              [<0.1-0.2]
	19.4 (6)
	<0.1             [<0.1-0.4]
	27.3 (9)
	NS
	
	
	

	rBet v1
	36.2                     [12.6-62.2]
	100 (10)
	0.28              [<0.1-7.5]
	48.4 (15)
	22.2           [11.3-40]
	90.9 (30)
	0.0001
	0.001
	NS
	0.0001

	rBet v 2
	<0.1            [<0.1-<0.1]
	0
	<0.1             [<0.1-0.3]
	25.8 (8)
	<0.1           [<0.1-0.3]
	24.2 (8)
	NS
	
	
	

	rBet v 4
	<0.1            [<0.1-<0.1]
	0
	<0.1               [<0.1-<0.1]
	6.5 (2)
	<0.1             [<0.1-<0.1]
	3 (1)
	NS
	
	
	

	rBet v 6
	<0.1                    [<0.1-<0.1]
	10 (1)
	<0.1            [<0.1-<0.1]
	3.2 (1)
	<0.1              [<0.1-<0.1]
	12.1 (4)
	NS
	
	
	

	MUXF3
	<0.1             [<0.1-<0.1]
	0
	<0.1                [<0.1-<0.1]
	19.4 (6)
	0.1              [<0.1-13.4]
	12.5 (4)
	NS
	
	
	



A positive result is >0.35 kUA/L. The distribution of the results of sIgE is not normal in the different groups (Shapiro test). The results are expressed by their median values with their respective quartile 25 and quartile 75 values. The Kruskall-Wallis test is used for the comparison of the median sIgE levels between the 3 groups. The comparisons group by group are performed with the Mann-Whitney test.

Table 3 - Binary sequences of IgE-sensitization to allergen components among patients allergic to birch pollen, Timothy grass pollen and mixed pollens (CAP® tests)
A – Birch pollen allergic patients (n = 10)
	Binary combinations of IgE sensitization to allergen components
	rPhl p 1
	rPhl p 2
	nPhl p 4
	rPhl p 5b
	rPhl p 6
	rPhlp p 7
	rPhl p 11
	rPhl pr12
	rBet v 1
	rBet v 2
	rBet v 4
	rBet v 6
	MUXF3
	Number of combinations
 

	0000000010000
	
	
	
	
	
	
	
	
	●
	
	
	
	
	5

	1000000010000
	●
	
	
	
	
	
	
	
	●
	
	
	
	
	2

	1010001010000
	●
	
	●
	
	
	
	●
	
	●
	
	
	
	
	1

	0010000010010
	
	
	●
	
	
	
	
	
	●
	
	
	●
	
	1

	1111000010000
	●
	●
	●
	●
	
	
	
	
	●
	
	
	
	
	1

	n
	4
	1
	3
	1
	0
	0
	1
	0
	10
	0
	0
	1
	0
	10

	%
	40
	10
	30
	10
	0
	0
	10
	0
	100
	0
	0
	10
	0
	



B – Grass pollen allergic patients (n = 31)
	Binary combinations of IgE sensitization to allergen components
	rPhl p 1
	rPhl p 2
	nPhl p 4
	rPhl p 5b
	rPhl p 6
	rPhlp p 7
	rPhl p 11
	rPhl p 12
	rBet v 1
	rBet v 2
	rBet v 4
	rBet v 6
	MUXF3
	Number of combinations

	1111100000000
	●
	●
	●
	●
	●
	
	
	
	
	
	
	
	
	5

	1010000000000
	●
	
	●
	
	
	
	
	
	
	
	
	
	
	3

	1111100010000
	●
	●
	●
	●
	●
	
	
	
	●
	
	
	
	
	2

	1111100111000
	●
	●
	●
	●
	●
	
	
	●
	●
	●
	
	
	
	2

	1010000010000
	●
	
	●
	
	
	
	
	
	●
	
	
	
	
	1

	1110000010000
	●
	●
	●
	
	
	
	
	
	●
	
	
	
	
	1

	1110000000000
	●
	●
	●
	
	
	
	
	
	
	
	
	
	
	1

	1111000010000
	●
	●
	●
	●
	
	
	
	
	●
	
	
	
	
	1

	1111101101000
	●
	●
	●
	●
	●
	
	●
	●
	
	●
	
	
	
	1

	1110000011001
	●
	●
	●
	
	
	
	
	
	●
	●
	
	
	●
	1

	1111110010101
	●
	●
	●
	●
	●
	●
	
	
	●
	
	●
	
	●
	1

	1011100101000
	●
	
	●
	●
	●
	
	
	●
	
	●
	
	
	
	1

	1111101000000
	●
	●
	●
	●
	●
	
	●
	
	
	
	
	
	
	1

	1000000000000
	●
	
	
	
	
	
	
	
	
	
	
	
	
	1

	1111101111000
	●
	●
	●
	●
	●
	
	●
	●
	●
	●
	
	
	
	1

	1111100010001
	●
	●
	●
	●
	●
	
	
	
	●
	
	
	
	●
	1

	1111101001001
	●
	●
	●
	●
	●
	
	●
	
	
	●
	
	
	●
	1

	1000001010000
	●
	
	
	
	
	
	●
	
	●
	
	
	
	
	1

	1111111010100
	●
	●
	●
	●
	●
	●
	●
	
	●
	
	●
	
	
	1

	0000000010000
	
	
	
	
	
	
	
	
	●
	
	
	
	
	1

	1111101000000
	●
	●
	●
	●
	●
	
	●
	
	
	
	
	
	
	1

	1011101111011
	●
	
	●
	●
	●
	
	●
	●
	●
	●
	
	●
	●
	1

	1111101000001
	●
	●
	●
	●
	●
	
	●
	
	
	
	
	
	●
	1

	n
	30
	22
	28
	21
	20
	2
	9
	6
	15
	8
	2
	1
	6
	31

	%
	96.8
	71
	90.3
	67.7
	64.5
	6.5
	29
	19.4
	48.3
	25.8
	6.5
	3.2
	19.4
	




C – Mixed pollen (birch and grass) allergic patients (n = 33)
	Binary combinations of IgE sensitization to allergen components
	rPhl p 1
	rPhl p 2
	nPhl p 4
	rPhl p 5b
	rPhl p 6
	rPhlp p 7
	rPhl p 11
	rPhl p 12
	rBet v 1
	rBet v 2
	rBet v 4
	rBet v 6
	MUXF3
	Number  of combinations

	1111100010000
	●
	●
	●
	●
	●
	
	
	
	●
	
	
	
	
	4

	1110000010000
	●
	●
	●
	
	
	
	
	
	●
	
	
	
	
	2

	0000000010000
	
	
	
	
	
	
	
	
	●
	
	
	
	
	2

	1010000010000
	●
	
	●
	
	
	
	
	
	●
	
	
	
	
	2

	1001000010000
	●
	
	
	●
	
	
	
	
	●
	
	
	
	
	2

	1111100101000
	●
	●
	●
	●
	●
	
	
	●
	
	●
	
	
	
	2

	1111000010000
	●
	●
	●
	●
	
	
	
	
	●
	
	
	
	
	2

	1111100111000
	●
	●
	●
	●
	●
	
	
	●
	●
	●
	
	
	
	2

	1010100010000
	●
	
	●
	
	●
	
	
	
	●
	
	
	
	
	1

	1111100010001
	●
	●
	●
	●
	●
	
	
	
	●
	
	
	
	●
	1

	1111000010010
	●
	●
	●
	●
	
	
	
	
	●
	
	
	●
	
	1

	1011101110011
	●
	
	●
	●
	●
	
	●
	●
	●
	
	
	●
	●
	1

	1011000010000
	●
	
	●
	●
	
	
	
	
	●
	
	
	
	
	1

	1011100011000
	●
	
	●
	●
	●
	
	
	
	●
	●
	
	
	
	1

	1111101010001
	●
	●
	●
	●
	●
	
	●
	
	●
	
	
	
	●
	1

	1010000110000
	●
	
	●
	
	
	
	
	●
	●
	
	
	
	
	1

	1110000111010
	●
	●
	●
	
	
	
	
	●
	●
	●
	
	●
	
	1

	1000000000000
	●
	
	
	
	
	
	
	
	
	
	
	
	
	1

	1110000010001
	●
	●
	●
	
	
	
	
	
	●
	
	
	
	●
	1

	0111100010010
	
	●
	●
	●
	●
	
	
	
	●
	
	
	●
	
	1

	1011100111000
	●
	
	●
	●
	●
	
	
	●
	●
	●
	
	
	
	1

	1010000111000
	●
	
	●
	
	
	
	
	●
	●
	●
	
	
	
	1

	1111111010100
	●
	●
	●
	●
	●
	●
	●
	
	●
	
	●
	
	
	1

	n
	30
	19
	28
	21
	16
	1
	3
	9
	30
	8
	1
	4
	4
	33

	%
	90.9
	57.6
	84.8
	63.6
	48.5
	3
	9.1
	27.3
	90.9
	24.2
	3
	12.1
	12.1
	



The binary sequence is established by the attribution of 0 if there is no IgE-sensitization and 1 in case of IgE-sensitization (IgE>0.35 kUA/L) to the allergen components successively listed at the top of the columns19. The sequences are established for each patient in the 3 groups. Patients in one group with similar sequence are totalized in the last column. 










X. Figure legends

Fig.1 – Prevalence of IgE-sensitization evaluated by skin prick tests to pollen extracts [A] and by in serum IgE levels to pollen allergen components [B,C,D] in the 3 groups of pollen allergic patients (n=74)% of patients
% of patients
B
C
A





Among patients with birch pollen allergy (BPA) and grass pollen allergy (GPA), the prevalence of co-sensitization to the other pollen is observed in 50 % (A). In BPA, there is only 1 major allergen rBet v 1 represented by the darker column framed (B) while there are 5 in GAP rPhl p 1, rPhl p 2, rPhl p 4, rPhl p 5b (C) and 5 in mixed pollen allergic patients (MPA), rPhl p 1, rPhl p 2, rPhl p 4, rPhl p 5b and rBet v 1 (D)






Fig.2 – Prevalence of IgE sensitization and median levels of sIgE to pollens and allergen components among pollen allergic patients with and without plant food allergy (n = 74)

*




PFA: pollen allergic patient with plant food allergy - N0 PFA: pollen allergic patient without plant food allergy
Level of significance *: p<0.05;   **: p<0.01;   ***: p<0.001; ****: p<0.0001.

The in vitro analyses were performed by CAP® tests. The prevalences of sensitization (top) to birch pollen, rBet v1 and rBet v6 were significantly higher among pollen allergic patients with symptoms of food allergy (Chi2 tests). The levels of sensitization (bottom) to birch pollen and rBet v 1 were significantly higher in the population of pollen allergic patients with food allergy (median values, Mann-Whitney tests).
Fig. 3 – Prevalence and median levels of sIgE to pollen allergens and components among the 3 groups of pollen allergic patients with and without plant food allergy.Serum sIgE (kUA/L)
*
* 


IgE analysis by ImmunoCAP® test with a level of positivity >0.35 kUA/L
In GPA group, we observed a higher prevalence of IgE sensitization to rBet v 1 in sub group with food allergy (*, Chi²: p<0.05). The level of BPIgE was significantly (   Mann-Whitney: p< 0.05) increased in the sub-group with food allergy (PFA) while there was only a trend for rBet v 1IgE (p<0.052). 

In BPA group with PFA, the higher prevalence of sensitization rPhl p2, nPhl p 4 and rPhl p 5 and rBet v6 was not associated with high corresponding sIgE. In the BPA without food allergy (No PFA), we observed a higher prevalence of sensitization to rPhl p 1 but with a low immunogenicity. The levels of BPIgE and rBet v 1IgE were lower than in the sub-group with PFA (no statistical analysis due to the small group). 
In MPA group, there was no difference in the prevalence of sensitization between the 2 sub-groups but the levels of BPIgE (  ) and rBet v 1IgE (  ) were significantly higher among the MPA sub-group with PFA (Mann-Whitney: p<0.05).  )

[bookmark: _GoBack]
BPA (n=10)
seuil 	>	0,35	
rPhl p 1	rPhl p 2	nPhl p 4	rPhlp 5b	rPhl p 6	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v 2	rBet v 4	rBet v 6	CCD MUXF3	40	10	30	10	0	0	10	0	100	0	0	10	0	

GPA (n=31)

 rPhl p1	 rPhl p 2	 nPhl p 4	 rPhl p 5b	 rPhl p 6	 rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	 rBet v 4	 rBet v6	CCD MUXF3 	96.8	71	90.3	67.7	64.5	6.5	29	19.399999999999999	48.4	25.8	6.5	3.2	19.399999999999999	

Prick (+) Betulaceae pollens     	
 BPA n=10	GPA n=31	MPA n=33	10	16	33	Prick (+) grass pollens	
 BPA n=10	GPA n=31	MPA n=33	5	31	33	

MPA (n=33)
Mixte	 
 
 

rPhl p1	rPhl p2	nPhl p4	rPhlp 5b	rPhl p6	rPhl p7	rPhl p11	rPhl p12	rBetv1	rBetv2	rBetv4	rBet v6	CCD MUXF3	90.9	57.6	84.8	63.6	48.5	3	9.1	27.3	90.9	24.2	3	12.1	12.5	

PFA  n = 43	Birch	Thimothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	rPhl p 6	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	MUXF3	97.7	86	83.7	53.5	81.400000000000006	58.1	46.5	4.7	18.600000000000001	25.6	93	25.6	4.5999999999999996	14	14.3	No PFA  n = 31	Birch	Thimothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	rPhl p 6	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	MUXF3	54.8	90.3	93.5	61.3	77.400000000000006	58.1	51.6	3.2	16.100000000000001	12.9	48.4	16.100000000000001	3.2	0	12.9	



PFA  n = 43	Birch	Thimothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	rPhl p 6	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	MUXF3	25.2	9.4600000000000009	3.32	0.43	2.97	1.93	0.26	0.1	0.1	0.1	22.2	0.1	0.1	0.1	0.1	No PFA  n = 31	Birch	Thimothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	rPhl p 6	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	MUXF3	1.79	12.5	5.94	1.88	2.02	4.2300000000000004	0.37	0.1	0.1	0.1	0.28000000000000003	0.1	0.1	0.1	0.1	



PFA

GPA n=10 	Birch	Timothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	   	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	MUX F3	6.45	29.65	16.25	1.59	7.58	8.1999999999999993	1.69	0.1	0.125	0.2	5.7	0.26	0.1	0.1	0.1	BPA n=8	Birch	Timothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	   	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	MUX F3	45.4	0.14000000000000001	0.1	0.1	0.12	0.1	0.1	0.1	0.1	0.1	48.05	0.1	0.1	0.1	0.1	MPA n=25	Birch	Timothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	   	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	MUX F3	31.2	10.5	5.59	1.07	4.0599999999999996	2.59	0.41	0.1	0.1	0.1	26	0.1	0.1	0.1	0.1	



No PFA 

GPA n=21	Birch	Timothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	rPhl p 6	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	Mux F3	0.1	27.5	14.5	2.99	8.0399999999999991	14.2	4.57	0.1	0.1	0.1	0.1	0.1	0.1	0.1	0.1	BPA n=2	Birch	Timothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	rPhl p 6	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	Mux F3	18.649999999999999	0.19	0.31	0.1	0.12	0.1	0.1	0.1	0.1	0.12	21.7	0.1	0.1	0.1	0.1	MPA n=10	Birch	Timothy grass	rPhl p1	rPhl p 2	nPhl p 4	rPhl p 5b	rPhl p 6	rPhl p 7	rPhl p 11	rPhl p 12	rBet v 1	rBet v2	rBet v 4	rBet v6	Mux F3	6.58	1.95	1.67	0.18	0.87	1.01	0.1	0.1	0.1	0.1	6.31	0.1	0.1	0.1	0.1	



PFA

GPA  (n=10)	Birch 	Timothy grass 	rPhl p 1 	rPhl p 2 	nPhl p 4 	rPhl p 5b 	rPhl p 6 	rPhl p 7 	rPhl p 11 	rPhl p 12 	rBet v 1 	rBet v 2 	rBet v 4 	rBet v 6 	 MUXF3	90	100	100	60	90	70	70	10	40	40	80	50	0	20	30	BPA (n=8)	Birch 	Timothy grass 	rPhl p 1 	rPhl p 2 	nPhl p 4 	rPhl p 5b 	rPhl p 6 	rPhl p 7 	rPhl p 11 	rPhl p 12 	rBet v 1 	rBet v 2 	rBet v 4 	rBet v 6 	 MUXF3	100	37.5	37.5	12.5	37.5	12.5	0	0	12.5	0	100	0	0	12.5	0	MPA (n=25)	Birch 	Timothy grass 	rPhl p 1 	rPhl p 2 	nPhl p 4 	rPhl p 5b 	rPhl p 6 	rPhl p 7 	rPhl p 11 	rPhl p 12 	rBet v 1 	rBet v 2 	rBet v 4 	rBet v 6 	 MUXF3	100	96	92	64	92	68	52	4	12	28	96	24	4	16	8.3000000000000007	



No PFA

GPA (n = 21)	Birch 	Timothy grass	rPhl p 1 	rPhl p 2 	nPhl p 4 	rPhl p 5b 	rPhl p 6 	rPhl p 7 	rPhl p 11 	rPhl p 12 	rBet v 1 	rBet v 2 	rBet v 4 	rBet v 6 	 MUXF3	38.1	100	100	81	90.5	66.7	61.9	4.8	23.8	9.5	33.299999999999997	14.3	4.8	0	14.3	BPA (n=2)	Birch 	Timothy grass	rPhl p 1 	rPhl p 2 	nPhl p 4 	rPhl p 5b 	rPhl p 6 	rPhl p 7 	rPhl p 11 	rPhl p 12 	rBet v 1 	rBet v 2 	rBet v 4 	rBet v 6 	 MUXF3	100	0	50	0	0	0	0	0	0	0	100	0	0	0	0	MPA (n=8)	Birch 	Timothy grass	rPhl p 1 	rPhl p 2 	nPhl p 4 	rPhl p 5b 	rPhl p 6 	rPhl p 7 	rPhl p 11 	rPhl p 12 	rBet v 1 	rBet v 2 	rBet v 4 	rBet v 6 	 MUXF3	87.5	87.5	87.5	37.5	62.5	50	37.5	0	0	25	75	25	0	0	12.5	




