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Association between asthma, rhinitis, and conjunctivitis
multimorbidities with molecular IgE sensitization in adults

To the Editor,

Allergic multimorbidity is well established for rhinitis and asthma.

However, the role of conjunctivitis in the allergic multimorbidity is

not clear. A large number of pollen‐allergic patients suffer from both

rhinitis and conjunctivitis. Rhinitis is often ascribed to rhinoconjunc-

tivitis and it is thought that ocular symptoms occur during high aller-

genic exposure. In fact, ocular symptoms are among the most

bothering symptoms of allergic rhinoconjunctivitis.1,2 However, the

links between nasal and ocular symptoms are unclear.

In a novel approach examining daily symptoms with mobile tech-

nology (MASK: mobile airways sentinel network), we found previ-

ously unrecognized patterns of multimorbidity. Days with eye and

nasal symptoms were associated with impaired work productivity by

comparison to days with nasal symptoms alone, suggesting the

importance of conjunctivitis in allergic multimorbidities.3 In accor-

dance with this hypothesis, a study in a random sample of school

aged children showed that rhinoconjunctivitis was associated with

multiple allergic sensitization as compared to rhinitis.4 However, in

the MeDALL study the cluster analysis identified eye symptoms in

the multimorbid phenotype but was not considered independently.5

There is a need to confirm whether conjunctivitis should be consid-

ered separately in allergic multimorbidity.

A cross‐sectional study (EGEA, France and BAMSE, Sweden)

investigated allergen sensitization using an enhanced micro‐array
technique and found that patients with multimorbid rhinitis and

asthma had significantly more IgE sensitizations to allergen mole-

cules than those with rhinitis alone or asthma alone.6 However, the

impact of conjunctivitis was not tested as the data of the MASK

study were not available when analyses were performed.3

The objective of the current study is to assess whether allergic

sensitization profiles differed between allergic multimorbidity pat-

terns including asthma, rhinitis, and conjunctivitis starting from the

recently published EGEA study considering only asthma and rhinitis.6

We hypothesized that more allergic multimorbidity is associated with

increased IgE recognition frequencies and that considering

conjunctivitis in addition to rhinitis and asthma in allergic multimor-

bidities changes the IgE recognition frequencies.

The analysis is based on IgE reactivity to 64 clinically relevant res-

piratory allergenic molecules determined with the MeDALL‐chip in

samples from the French EGEA cohort (n = 840, mean [SD] age = 40.7

± 17.1 years) (Table S1). For the analysis of the number of allergen‐
specific IgE reactivities, results are given by medians and 25‐75 per-

centiles. The age‐ and sex‐adjusted associations between the number

of IgE reactivities (≥0.3 ISU) and the different asthma‐rhinitis‐conjunc-
tivitis phenotypes were assessed using a negative binomial model,

which estimates the incidence rate ratio (IRR), that is the ratio of the

mean number of positive allergen‐specific IgE (and its 95% confidence

interval) between phenotypes. These methods are published else-

where6,7 and presented in the Data S1. Some differences exist

between this study and the recently published study6: (a) A more sen-

sitive definition of rhinitis was used by considering either the report of

allergic rhinitis or hay fever or a positive answer to the question on

rhinitis symptoms: “Have you ever had a problem with sneezing, or a

runny or blocked nose when you did not have a cold or the flu?”; (b)

we further consider allergic conjunctivitis defined using a positive

answer to the question: “Have you ever had allergic conjunctivitis?”

Among the 840 adult participants tested, 463 had asthma, 629

had rhinitis, and 347 had conjunctivitis. There were 143, 187, 278,

and 232 participants with 0, 1, 2, and 3 allergic diseases, respec-

tively. The median number of IgE‐reactive allergens varied from 0 to

1, 2 to 5, and increased up to 8 in groups with 1, 2, and 3 allergic

morbidities, respectively (Table 1). The number and levels of IgE

reactivities were statistically significantly increased in each allergic

multimorbidity phenotype as compared to the controls (R‐C‐A‐),
except for conjunctivitis only (Table 1). The rhinoconjunctivitis multi-

morbidity was associated with an increased number of IgE reactiv-

ities as compared to subjects with rhinitis only (P < 0.001) or

conjunctivitis only (P < 0.001). This pattern was observed whatever

the asthma status, and the rhinoconjunctivitis multimorbidity was

the only phenotype associated with an increased number of IgE
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reactivities among subjects with asthma (Figure 1). IgE recognition

frequencies and intensities are presented in Figure S1. Among partic-

ipants without rhinitis, the number of allergen‐IgE detected in over

10% of participants was 0 and 11 in participants without and with

conjunctivitis. Among participants with rhinitis, this number

increased to 14 and 22, respectively.

Overall, our study shows that increase in allergic multimorbidity,

irrespective of the disease, is associated with a significant increase in

the number of IgE reactivities to respiratory allergens. Among subjects

presenting a single allergic disease, the number of IgE‐reactive aller-

gens was strongly increased with asthma, moderately increased with

rhinitis, and only a mild and nonsignificant association was observed

TABLE 1 Association between the number of IgE‐reactive allergens, allergen‐specific IgE levels, and allergic diseases

≥1 positive
specific IgE, %

Number of IgE‐reactive allergens (≥0.3 ISU)a

Levels of allergen‐specific
IgE (among sera positive to
at least 1 allergen) (ISU)

n
Median
(25‐75 percentiles) P

Age and sex‐adjusted
relative changeb (95%CI) P n

Median
(25‐75 percentiles) P

R‐C‐A‐ 18.9 143 0 (0‐0) Ref 1 Ref 27 1.2 (0.7‐2.7) Ref

R‐C‐A+ 61.3 31 1 (0‐6) <0.001 8.2 (4.1‐16.6) <0.001 19 3.1 (1.0‐5.7) 0.06

R+C‐A‐ 43.6 133 0 (0‐3) <0.001 4.0 (2.3‐7.0) <0.001 58 4.5 (1.7‐ 10.3) <0.001

R‐C+A‐ 26.1 23 0 (0‐1) 0.35 2.3 (0.8‐6.3) 0.10 6 1.9 (0.6‐2.9) 0.51

R+C‐A+ 76.3 186 5.5 (1‐10) <0.001 11.8 (7.1‐19.4) <0.001 142 5.3 (2.7‐9.2) <0.001

R‐C+A+ 71.4 14 5 (0‐8) <0.001 9.1 (4.5‐18.2) <0.001 10 2.7 (1.8‐3.9) 0.05

R+C+A‐ 61.5 78 2 (0‐6) <0.001 8.5 (4.9‐14.8) <0.001 48 5.3 (2.8‐9.5) <0.001

R+C+A+ 90.5 232 8 (4.5‐12) <0.001 17.3 (10.7‐28.1) <0.001 210 5.8 (2.9‐10.0) <0.001

aAmong the 64 respiratory allergen components selected (see Table S1).
bRelative change in the mean number of IgE‐reactive allergens was calculated with negative binomial model.

F IGURE 1 Age‐ and sex‐adjusted relative change in the mean number of IgE‐reactive allergens in rhinitis (R+C‐), conjunctivitis (R‐C+), and
rhinoconjunctivitis (R+C+) as compared to those without rhinitis and conjunctivitis (R‐C‐, reference group). P values reported are those
comparing R+C‐ and R‐C+ to R+C+. Incidence rate ratio (IRR) estimates and 95% confidence interval were estimated using the negative
binomial model (an IRR of 2.0 in R‐C+ means that mean number of IgE reactivities increased twofold in participants with conjunctivitis as
compared to participants R‐C‐) [Colour figure can be viewed at wileyonlinelibrary.com]
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with conjunctivitis. However, when considering the allergic multimor-

bidities, the rhinoconjunctivitis phenotype significantly exhibited

higher number of IgE reactivities as compared to rhinitis only and con-

junctivitis only. This study extends to the adult population previous

observations in adolescents indicating that rhinoconjunctivitis

increases allergic sensitization as compared to rhinitis only.4

The strength of the study is the use of micro‐arrays to assess IgE

sensitization. One limitation of the study relying on the cross‐sec-
tional design of our analyses is the lack of definite information on

the timing of the events and of the successive specific allergic sensi-

tization. Although there is increasing knowledge on the evolution of

IgE responses toward mite allergens over time and its effect on res-

piratory allergies,8,9 there is little evidence when considering a large

spectrum of respiratory allergen sources, and the ocular symptoms

have never been considered. A sensitivity analysis not considering

mite allergen components hardly inhaled (Der p 10, Der p 11, Der p

14, and Der p 18)10 led to similar results (not shown).

This study in a well‐defined population shows the importance of

hypothesis‐generating studies using big data3 and their confirmation

by classical epidemiologic studies. We confirmed results from the

MeDALL study by showing that conjunctivitis provides additional

information to rhinitis and asthma when studying the allergic multi-

morbidities. Interestingly, the multimorbid approach of allergic dis-

eases should consider the three target organs (nose, eye, and lower

airways). Further epidemiologic studies are needed to better under-

stand the links between the three organs and the trajectories of

allergic diseases across the life cycle.

ACKNOWLEDGMENTS

The authors thank all those who participated in the setting of the

EGEA study and on the examinations of the individuals. The authors

are grateful to the three CIC‐Inserm of Necker, Grenoble and Mar-

seille who supported the EGEA study and in which participants were

examined. They are indebted to all the individuals who participated in

the EGEA study without whom the study would not have been possi-

ble. We thank the Epidemiological Study on Genetics and Environ-

ment of Asthma (EGEA) cooperative group members as follows.

Coordination: V Siroux (epidemiology, PI since 2013); F Demenais (ge-

netics); I Pin (clinical aspects); R Nadif (biology); F Kauffmann (PI

1992‐2012). Respiratory epidemiology: Inserm ex‐U 700, Paris: M

Korobaeff (Egea1), F Neukirch (Egea1); Inserm ex‐U 707, Paris: I

Annesi‐Maesano (Egea1‐2); Inserm ex‐U 1018, Villejuif: F Kauffmann,

MP Oryszczyn (Egea1‐2); Inserm U 1168, Villejuif: N Le Moual, R

Nadif, R Varraso; Inserm U 1209 Grenoble: V Siroux. Genetics: Inserm

ex‐U 393, Paris: J Feingold; Inserm U 946, Paris: E Bouzigon, F Deme-

nais, MH Dizier; CNG, Evry: I Gut (now CNAG, Barcelona, Spain), M

Lathrop (now Univ McGill, Montreal, Canada). Clinical centers: Greno-

ble: I Pin, C Pison; Lyon: D Ecochard (Egea1), F Gormand, Y Pacheco;

Marseille: D Charpin (Egea1), D Vervloet (Egea1‐2); Montpellier: J

Bousquet; Paris Cochin: A Lockhart (Egea1), R Matran (now in Lille);

Paris Necker: E Paty (Egea1‐2), P Scheinmann (Egea1‐2); Paris‐

Trousseau: A Grimfeld (Egea1‐2), J Just. Data and quality manage-

ment: Inserm ex‐U155 (Egea1): J Hochez; Inserm U 1168, Villejuif: N

Le Moual; Inserm ex‐U780: C Ravault (Egea1‐2); Inserm ex‐U794: N
Chateigner (Egea1‐2); Grenoble: J Quentin (Egea1‐2).

CONFLICTS OF INTEREST

Dr. Lupinek reports personal fees from Thermo Fisher Scientific, out-

side the submitted work. Dr. Bousquet reports personal fees and

other from Chiesi, Cipla, Hikma, Menarini, Mundipharma, Mylan,

Novartis, Sanofi‐Aventis, Takeda, Teva, Uriach, other from KYomed

INNOV, from null, outside the submitted work. Dr. Valenta reports

grants from Biomay Ag, Vienna, Austria, grants from Viravaxx,

Vienna, Austria, personal fees from BiomayAG, Vienna, Austria, per-

sonal fees from Viravaxx, Vienna, Austria, outside the submitted

work. Dr. Siroux reports personal fees from AstraZeneca, Novartis,

Teva, outside the submitted work.

FUNDING SOURCES

The study was supported in part by Inserm Aviesan Itmo santé publi-

que, the Scientific committee “AGIR for chronic diseases”, ANR-

PRSP 2009, grant F4605 of the Austrian Science Fund (FWF) to RV

and by the European Commission's Seventh Framework Program

MeDALL under grant agreement no. 261357.

ORCID

Valérie Siroux https://orcid.org/0000-0001-7329-7237

Rudolph Valenta https://orcid.org/0000-0001-5944-3365

Valérie Siroux1

Anne Boudier1

Rachel Nadif2,3

Christian Lupinek4

Rudolph Valenta4,5,6

Jean Bousquet2,3,7

1Team of Environmental Epidemiology applied to Reproduction and

Respiratory Health, Inserm, CNRS, Institute for Advanced Biosciences

(IAB), U1209 Joint Research Center, University Grenoble Alpes,

Grenoble, France
2INSERM, U1168, VIMA: Aging and chronic diseases. Epidemiological

and Public Health Approaches, Villejuif, France
3Univ Versailles St-Quentin-en-Yvelines, UMR-S 1168, Montigny le

Bretonneux, France
4Division of Immunopathology, Department of Pathophysiology and

Allergy Research, Center for Pathophysiology, Infectiology and

Immunology, Medical University of Vienna, Vienna, Austria
5NRC Institute of Immunology FMBA of Russia, Moscow, Russia

6Laboratory of Immunopathology, Department of Clinical Immunology

and Allergy, Sechenov First Moscow State Medical University, Moscow,

Russia

826 | LETTERS TO THE EDITOR

https://orcid.org/0000-0001-7329-7237
https://orcid.org/0000-0001-7329-7237
https://orcid.org/0000-0001-7329-7237
https://orcid.org/0000-0001-5944-3365
https://orcid.org/0000-0001-5944-3365
https://orcid.org/0000-0001-5944-3365


7MACVIA-France, Fondation Partenariale FMC VIA-LR, Montpellier,

France

Correspondence

Valérie Siroux, Institut pour l'Avancée des Biosciences, équipe

d’épidémiologie environnementale appliquée à la reproduction et à la

santé respiratoire, Centre de Recherche UGA / Inserm U 1209/CNRS

UMR 5309, Site Santé - Allée des Alpes, La Tronche, France.

Email: valerie.siroux@univ-grenoble-alpes.fr

REFERENCES

1. Virchow JC, Kay S, Demoly P, Mullol J, Canonica W, Higgins V.

Impact of ocular symptoms on quality of life (QoL), work productivity

and resource utilisation in allergic rhinitis patients–an observational,

cross sectional study in four countries in Europe. J Med Econ.

2011;14:305‐314.
2. Bousquet PJ, Demoly P, Devillier P, Mesbah K, Bousquet J. Impact

of allergic rhinitis symptoms on quality of life in primary care. Int

Arch Allergy Immunol. 2013;160:393‐400.
3. Bousquet J, Devillier P, Anto JM, et al. Daily allergic multimorbidity

in rhinitis using mobile technology: a novel concept of the MASK

study. Allergy. 2018;73:1622‐1631.
4. Cibella F, Ferrante G, Cuttitta G, et al. The burden of rhinitis and

rhinoconjunctivitis in adolescents. Allergy Asthma Immunol Res.

2015;7:44‐50.

5. Garcia-Aymerich J, Benet M, Saeys Y, et al. Phenotyping asthma,

rhinitis and eczema in MeDALL population‐based birth cohorts: an

allergic comorbidity cluster. Allergy. 2015;70:973‐984.
6. Siroux V, Ballardini N, Soler M, et al. The asthma‐rhinitis multimor-

bidity is associated with IgE polysensitization in adolescents and

adults. Allergy. 2018;73:1447‐1458.
7. Kauffmann F, Dizier MH, Pin I, et al. Epidemiological study of the

genetics and environment of asthma, bronchial hyperresponsiveness,

and atopy: phenotype issues. Am J Respir Crit Care Med. 1997;156:

S123‐S129.
8. Posa D, Hofmaier S, Arasi S, Matricardi PM. Natural evolution of IgE

responses to mite allergens and relationship to progression of allergic

disease: a review. Curr Allergy Asthma Rep. 2017;17:28.

9. Posa D, Perna S, Resch Y, et al. Evolution and predictive value of IgE

responses toward a comprehensive panel of house dust mite aller-

gens during the first 2 decades of life. J Allergy Clin Immunol.

2017;139:541‐549.
10. Banerjee S, Resch Y, Chen KW, et al. Der p 11 is a major allergen

for house dust mite‐allergic patients suffering from atopic dermatitis.

J Invest Dermatol. 2015;135:102‐109.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

DOI: 10.1111/all.13682

Distinct Lipid Transfer Proteins display different IgE‐binding
activities that are affected by fatty acid binding

To the Editor,

Nonspecific lipid transfer proteins (nsLTPs) are relevant food aller-

gens. They have a compact 3D structure, with a hydrophobic lipid‐
binding cavity.1 It seems that the complex with a ligand can affect

protein allergenicity.2 Recently, we have shown that the binding of

oleic acid (OLE) to the peach nsLTP, Pru p 3, affects the conformation

and IgE‐binding activity of the allergen.3 We therefore investigated

whether this observation can be extended to other homologous pro-

teins. Thus, we analyzed nsLTPs with different allergenic potential,

Mal d 3 from apple (high), Cor a 8 from hazelnut (intermediate), and

Hel a 3 from sunflower seed (low),4,5 and their interactions with 3

fatty acids: OLE, stearic (STE), and lauric (LAU) acids. We extracted

natural nsLTPs and produced recombinant Mal d 3 and Cor a 8 using

Pichia pastoris. Ligand binding of nsLTPs was assessed by ANS (1‐

anilinonaphthalene‐8‐sulfonic acid) displacement assay, measuring the

decrease in ANS fluorescence. IgE reactivity of nsLTPs, alone or

bound to fatty acids, was tested by IgE‐ELISA using sera from sub-

jects sensitized to peach and/or hazelnut nsLTP. For selected nLTPs/li-

gand complexes, molecular dynamic (MD) simulations were

performed to analyze the impact of ligand binding on the protein con-

formation with a focus on specific IgE epitopes (details on methods

and patients’ data are presented in the Supporting Information).

The different natural and recombinant nsLTPs were purified and

characterized (Figure S1). rMal d 3, rCor a 8, and nHel a 3 bound

the ANS probe to varying extent (Figure 1A). All proteins showed

the lowest preference for STE (Figure 1B‐D) with a maximum fluo-

rescence reduction of 17% for rMal d 3/STE (50 μmol/L). LAU

induced a dose‐dependent reduction of ANS binding to all proteins,

reaching values at 50 μmol/L of 53%, 7%, and 26% for rMal d 3,

rCor a 8, and nHel a 3, respectively. In general, OLE induced a more
Karin Hoffmann-Sommergruber and Tomasz Borowski shared last authorship.
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Online supplement

Change of molecular IgE sensitization associated with conjunctivitis in asthma
and rhinitis multimorbidity

Siroux V et al.

Methods

Population and study setting

The EGEA1 cohort is composed of a group of 388 individuals with asthma enrolled in chest clinics,

1,244 first-degree relatives and 415 control individuals.(1 ) Participants were recruited through self-

completed questionnaires and had a complete examination including pulmonary function tests.(2)

About 11 years later, 1,601 participants (77.1% of the original cohort + 58 new family members) took

part to a complete examination (EGEA2). The analysis of IgE was conducted with serum samples

from 840 adults of EGEA2 (463 with and 377 without asthma).(3) Written consent was obtained from

all participants. Ethical approval was obtained from the ethics committees (Cochin Royal Hospital.

Paris, for EGEA1 and Necker-Enfants Malades Hospital, Paris, for EGEA2).

Definition of asthma, allergic rhinitis and atopic dermatitis

Phenotypes were assessed through validated questionnaires. Ever asthma was defined by a positive

answer to either ‘‘Have you ever had attacks of breathlessness at rest with wheezing?’’ or ‘‘Have you

ever had asthma attacks?’’ or being recruited as an asthma case in chest clinics. Allergic rhinitis ever

was defined by a positive answer to “Have you ever had allergic rhinitis?” or “Have you ever had hay

fever?” or “Have you ever had a problem with sneezing or runny or blocked nose when you did not

have a cold or the flu?”.  Allergic conjunctivitis was examined using a positive answer to the question:

“Have you ever had allergic conjunctivitis?”.

Allergen-specific IgE measurement

IgE reactivity to microarrayed allergens was determined in anonymous samples with the MeDALL-

chip (an allergen microarray) in both EGEA and BAMSE.(4, 5) The MeDALL-chip comprises 176

allergen components including aero- and food allergen components. In the present study 64 defined

clinically relevant respiratory allergenic molecules were studied (Table S1 online supplement). The

measurement of allergen-specific IgE was performed as described.(5, 6) Results are given in ISU

(ISAC standardized units) and positivity of each allergen-specific IgE was defined by a threshold of

0.3 ISU IgE.(3, 5-7)
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Table S1. Frequencies of IgE recognition in the population study for the 64 allergen components
studied

Species Allergen Molecular Group Frequency
(%)

Pollen

Birch

Bet v 1 PR-10 10.6

Bet v 2 Profilin 3.2

Bet v 4 Polcalcin 2.3

Olive

Ole e 1 Ole e 1-related protein 20.4

Ole e 7 nsLTP, type 1 1.0

Ole e 9 Glucanase1 1.2

Japanese
cedar Cry j 1 Pectate lyase 9.2

Cypress Cup a 1 Pectate lyase 14.5

Plane tree

Pla a 1 Invertase Inhibitor 1.4

Pla a 2 Polygalacturonases 6.1

Pla a 3 nsLTP, type 1 0.5

Timothy grass

Phl p 1 Grass group 1 (Beta-Expansin) 37.1

Phl p 2 Grass group 2/3 16.9

Phl p 5b Grass group 5 18.8

Phl p 6 Grass group 5/6 12.7

Phl p 7 Calcium-binding proteins (Polcalcin) 2.7

Phl p 11 Ole e 1-related protein 7.0

Phl p 12 Profilin 2.6

Ragweed Amb a 1 Pectate lyase 4.0

Mugwort
Art v 1 Defensin-like protein 6.5

Art v 3 nsLTP, type 1 1.2

Goosefoot Che a 1 Ole e 1-related protein 2.3

Plantain Pla l 1 Ole e 1-related protein 5.6

Wall pellitory Par j 2 LTP, type 2 1.8

Saltwort Sal k 1 Pectin methylesterase 0.7

Latex Latex

Hev b 1 Rubber elongation factor 2.0

Hev b 3 Small rubber particle protein 5.0

Hev b 5 Acidic protein 1.1

Hev b 6.01 Hevein (Prohevein) 7.6

Molds

Alternaria
Alt a 1 Acidic glycoprotein 9.3

Alt a 6 Enolase 2.4

Aspergillus

Asp f 1 Mitogillin family (Ribonuclease) 1.3

Asp f 3 Peroxysomal protein 2.7

Asp f 6 Mn superoxide dismutase 0.7

Cladosporium Cla h 8 Mannitol dehydrogenase 0.5
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Species Allergen Molecular Group Frequency
(%)

Mites

House dust
mite

Der p 1 Group 1 mite allergens (Cysteine protease) 26.4

Der p 2 Group 2 mite allergens (NPC2 family) 29.6

Der p 4 Group 4 mite allergens (Alpha-amylase) 12.5

Der p 5 Group 5/21 mite allergens 17.7

Der p 7 Group 7 mite allergens 16.8

Der p 10 Group 10 mite allergens (Tropomyosin) 15.1

Der p 11 Group 11 mite allergens (Paramyosin) 4.3

Der p 14 Vitellogenin (Apolipophorins) 2.1

Der p 15 Chitin-binding domain 3.0

Der p 18 Chitin-binding domain 4.5

Der p 21 Group 5/21 mite allergens 11.7

Der p 23 Chitin-binding domain 26.9

clone 16 Chitin-binding domain 7.5

Storage mite Lep d 2 Group 2 mite allergens (NPC2 family) 3.8

Blomia
tropicalis Blo t 5 Group 5/21 mite allergens 5.4

Cockroach

Bla g 1 Cockroach group 1 0.4

Bla g 2 Aspartic protease 0.1

Bla g 5 Glutathione S-transferase 0.1

Anisakis Ani s 1 Serine protease inhibitor 1.0

Animals

Cat

Fel d 1 Uteroglobin 26.2

Fel d 2 Serum Albumin 3.8

Fel d 4 Lipocalin 5.6

Dog

Can f 1 Lipocalin 7.4

Can f 2 Lipocalin 2.5

Can f 4 Lipocalin (Odorant-binding protein) 3.3

Can f 5
Arginine Esterase (Trypsin-like serine
protease) 11.9

Can f 6 Lipocalin 2.9

Horse Equ c 1 Lipocalin 4.9

Mouse Mus m 1 Lipocalin 4.2

Numbers in bold represent allergens recognized by >3% in the study population
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Figure legend

Figure S1. IgE recognition frequencies and intensities to respiratory allergens recognized by >3% of

the EGEA samples, in subjects with: A, no rhinitis and no conjunctivitis (R-C-), B, no rhinitis but

conjunctivitis (R-C+), C, rhinitis and no conjunctivitis (R+C-) and D, rhinitis and conjunctivitis

(R+C+)
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