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EXECUTIVE SUMMARY 

This deliverable (D5.2) is connected to the activities of WP5 and task 5.1 and aims to 
establish a consensus definition for the different environmental conditions in which the 
patients recruited in ClimAIr will be allocated. This allocation is necessary to investigate 
the effect of pollution, pollen exposure and climate factors on the clinical expression of 
pollen-driven allergic rhinitis. After a comprehensive landscape analysis, the pollutants 
of interest have been identified. The pollen the patients are allergic to is established by 
inclusion criteria and the climate factors are defined by the cities the patients are living 
in (restricted to those of the participating clinical centers). Thus, two categories are 
defined for pollutants (single/multiple exposure) and for pollens (single/multiple 
exposure) whereas four categories have been established for climate (warm and 
humid, warm and dry, cold and humid, cold and dry). Other WP of ClimAIr will collect 
data from the pollen, pollution and climate monitoring stations relevant for the patients 
and will use this information to identify the category of the three domains each patients 
has to be allocated to.     
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1. INTRODUCTION 

1.1 Background for the selection of the relevant pollutants and 

variables.  

Environmental Pollution and Respiratory Allergies 

Since the onset of the Industrial Revolution, urbanisation and industrial 

development have profoundly reshaped environmental exposures, with 

significant consequences for respiratory health. More than 90% of the global 

population currently resides in areas where air quality falls short of the World 

Health Organisation (WHO) guidelines (1). This situation has led to a growing 

global burden of respiratory diseases, among which allergic rhinitis (AR) and 

asthma are the most prevalent. Both conditions share overlapping 

pathophysiological pathways (2, 3) and demonstrate a rising incidence in 

tandem with westernized lifestyles and increasing environmental degradation 

(4-6). The ubiquitous exposure of the respiratory mucosa to environmental 

agents, collectively termed the "exposome" (7), makes these tissues particularly 

vulnerable to both outdoor and indoor pollutants, allergens, and microbial 

agents (8, 9). 

Environmental pollution, comprising outdoor (traffic, industry, agriculture) and 

indoor (tobacco smoke, biomass, volatile organic compounds) sources, plays a 

pivotal role in modulating immune responses in the airways. Moreover, climate 

change and biodiversity loss further influence the composition of the exposome 

and contribute to the growing incidence and severity of allergic diseases (8, 10). 

Despite growing public health awareness and limited policy interventions, air 

pollution remains one of the leading causes of premature death worldwide (11, 

12), with profound implications for allergic airway diseases. 

 

Outdoor Pollution and Respiratory Allergies 

Long-term exposure to outdoor air pollution has been consistently linked to 

impaired respiratory health across all age groups (13-25). Major pollutants, 

including particulate matter (PM)2.5, PM10, nitrogen dioxide (NO₂), and ozone 

(O3), originate primarily from traffic, industrial emissions, and fossil fuel 

combustion. The European ESCAPE project, which studied several birth and 

adult cohorts, revealed that children exposed to higher levels of NO₂ and PM2.5 

had a greater risk of developing asthma during adolescence (26). Furthermore, 

a meta-analysis covering studies from 1999 to 2016 confirmed a strong 

association between traffic pollution and childhood asthma (27-29), and long-

term exposures to PM2.5 posed a significant risk of asthma prevalence and 

airway inflammation in a community-based population of children (30). In adults, 

higher exposures to NO and PM10 are associated with decreased lung function 

and increased asthma prevalence (31-34). PM2.5 exposure alters microRNA 
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expression profiles in nasal mucosa of allergic rhinitis models, affecting 

pathways such as IgE receptor signaling, T cell receptor signaling, and 

inflammatory pathways. This provides insight into gene regulation mechanisms 

by which air pollution exacerbates allergic rhinitis and mucosal inflammation 

(24, 25, 35).  

The relationship between air pollution and AR is less consistently documented 

than with asthma, especially in adults. Nonetheless, studies suggest a higher 

prevalence of AR in urban environments compared to rural or suburban areas 

(36-38), and associations between residential proximity to major roadways and 

allergic respiratory outcomes have been identified (39-43). This may reflect the 

synergistic effects of pollution and aeroallergens in urban settings, as well as 

the inflammatory potential of pollutants themselves. For instance, PM10 

particles activate inflammatory pathways in airway epithelial cells, including 

inflammasome components like NLRP3, leading to cytokine release and 

enhanced immune activation (44, 45). Diesel exhaust and PM further 

exacerbate this response, particularly in patients with severe asthma 

phenotypes (46-49). Pollutants can also modulate gene expression through 

epigenetic mechanisms, especially during early development. Studies in 

pediatric populations have demonstrated that black carbon exposure is linked 

to changes in DNA methylation in genes such as IL-4, which is central to 

allergic inflammation (50, 51). These changes may predispose individuals to 

enhanced IgE-mediated responses and greater susceptibility to allergens. 

An international expert consensus highlights the impact of air pollution on 

allergic rhinitis and the importance of reducing pollutant exposure alongside 

guideline-based treatment. The antihistamine fexofenadine has been shown to 

improve symptoms aggravated by pollution; however, more studies on 

pharmacological management are needed (52). 

 

Indoor Pollution and Allergic Rhinitis 

In Western societies, individuals spend nearly 80% of their time indoors, 

emphasizing the critical importance of indoor air quality for respiratory health 

(53, 54). Indoor air is influenced by outdoor pollution, building materials, 

heating, cooking activities, smoking, and the presence of allergens such as 

mold, dust mites, and pet dander (55-58).  

One major indoor pollutant is second-hand tobacco smoke (SHS), which 

contains over 4,500 toxic chemicals, including fine PM, oxidative gases, and 

heavy metals (59). SHS exposure during pregnancy and infancy significantly 

increases the risk of developing asthma and allergic diseases in children (60-

64), with some studies suggesting that epigenetic changes induced by SHS 

could have transgenerational impacts (65). Beyond the immunological 

consequences, SHS alters the airway microbiota, potentially disrupting the 

delicate microbial-immune balance within the respiratory tract (66-69). These 
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disruptions may contribute to chronic inflammation, increased mucus 

production, and airway remodeling (70-73), all of which exacerbate allergic and 

asthmatic responses. 

Other indoor pollutants such as NO₂, carbon monoxide (CO), and volatile 

organic compounds (VOCs) from building materials, air fresheners, and 

consumer products have been associated with increased respiratory symptoms, 

including exacerbations of AR and asthma (74, 75).  

Moreover, indoor allergen exposure plays a central role in allergic sensitization. 

House dust mites (HDMs), molds, and pet dander are among the most common 

indoor allergens and are linked to more severe phenotypes of airway allergy 

compared to outdoor seasonal allergens (76-80). Dampness, a frequent issue 

in 10–15% of households, can foster mold and cockroach proliferation, further 

worsening indoor air quality and sensitization rates (81, 82). 

Significantly, indoor air pollution is also prevalent in non-residential settings 

such as schools. Large-scale projects like SINPHONIE and HESE have 

revealed that European schoolchildren are commonly exposed to PM10, CO₂, 

and mold allergens at levels exceeding WHO recommendations (83-86). These 

exposures are especially pronounced in schools located in urban and industrial 

areas, suggesting that outdoor pollutants readily infiltrate indoor environments 

and contribute to an increased burden of respiratory allergic diseases in 

children. 

 

Environmental Interactions and Pollen Allergenicity 

Environmental pollutants not only affect host immune responses but also 

enhance the allergenicity of environmental antigens, particularly pollens and 

fungal spores. Pollutants like O3 and nitrogen oxides can alter plant 

physiology, increase pollen production, and induce structural modifications that 

enhance their immunogenicity (10, 87-92). For instance, urban ragweed plants 

exposed to high CO₂ levels produce more potent pollen and flower earlier than 

rural counterparts (89). Likewise, birch trees subjected to elevated O3 levels 

produce more of the allergenic protein Bet v 1 and pollen-associated lipid 

mediators, which activate Th2 cells and promote IgE synthesis (90, 93). 

Platanus pollen exposed to NO₂ and O₃ shows increased release of allergen 

Pla a 3, with structural modifications enhancing its immunogenicity and stability, 

which aggravates pollen-induced pneumonia in vivo (94). These findings 

suggest that environmental pollution may amplify the sensitizing potential of 

aeroallergens. 

However, the clinical significance of these findings remains debated. While 

some epidemiological studies report a synergistic effect of pollutants and pollen 

on asthma and rhinitis symptoms (95, 96), others fail to detect a significant 

association (97). These discrepancies may stem from limitations in measuring 

personal pollutant and allergen exposures in large-scale population studies. 
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Climate Change and the Future of Allergic Rhinitis 

Climate change and air pollution are deeply interlinked through shared origins, 

primarily the combustion of fossil fuels, and exert combined effects on 

respiratory health (98-102). Global warming increases plant biomass and 

lengthens the growing season of allergenic species like ragweed, thereby 

elevating airborne pollen concentrations and the geographic range of allergenic 

flora (103-107). Additionally, climate-related phenomena such as increased 

rainfall, humidity, and extreme weather events foster mold proliferation and 

indoor dampness (81, 108). These conditions create an ideal environment for 

the exacerbation of allergic rhinitis symptoms and complicate disease 

management. 

Furthermore, climate change is anticipated to alter the spread of respiratory 

infections(109, 110), influence allergenic species distribution (111-116), and 

intensify heat-related respiratory morbidity (117-121). Notably, thunderstorm 

asthma, an acute and severe form of exacerbation linked to sudden releases of 

aeroallergens, has been increasingly reported and is likely to rise with ongoing 

climatic instability (122-125). 

 

Summary of findings 

In conclusion, the complex interplay between environmental pollution, allergen 

exposure, and climate change significantly contributes to the increasing burden 

of allergic rhinitis and respiratory diseases worldwide. Both indoor and outdoor 

pollutants not only exacerbate symptoms but also enhance the allergenic 

potential of common airborne particles, while epigenetic and immunological 

mechanisms further amplify individual susceptibility. Addressing this 

multifaceted challenge requires integrated public health policies focused on 

improving air quality, reducing pollutant emissions, and managing indoor 

environments, alongside continued research into the biological effects of 

pollution and climate-driven changes. Only through such comprehensive efforts 

can we effectively reduce the growing impact of allergic airway diseases and 

improve respiratory health outcomes globally. 

 

1.2 WPS AND TASKS RELATED WITH THE DELIVERABLE 

This deliverable refers to Task 5.1 included in “WP5: Mechanistic Research & Clinical 
Study” 
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2. Consensus definitions 

2.1 Introduction 

The grant agreement defines D5.2 in the following manner: “Report providing 
standardized definitions and criteria for assessing both single and combined 
pollutant exposures, as well as other variables influencing airway allergy 
outcomes. This deliverable will establish a unified framework for interpreting 
data extracted from electronic records, ensuring consistency and accuracy in 
the subsequent AI analysis and research”.  
The ClimAIr project will integrate clinical data from allergic rhinitis patients with 
environmental variables extracted from climate, pollen, and pollution monitoring 
stations located in the areas where the individuals are living and working: 
Malaga (Spain), Berlin (Germany), Toulouse (France), Lodz (Poland), Brasov 
(Romania), Thessaloniki (Greece), Luxembourg (Luxembourg), Milan (Italy) and 
Chernivtsi (Ukraine).  
 

2.2 Valid sources and variables to collect 

The following sources will be considered valid monitoring stations:  
A. Public or private universities 

B. Governmental agencies (local, regional, or national) 

C. Science or natural science museums 

D. Public hospitals  

E. Municipality-owned monitoring stations  

The following information will be collected from the monitoring stations: 
1. Pollution monitoring stations (only focusing on outdoor air pollution): PM2.5 

and PM10 (both µg/m3), O3, NO, NO2, CO, CO2, SO2, VOCs, methane 

(CH4), N2O and ammonia (NH3) (all ppb), and radon (Bq/m3). 

2. Pollen monitoring stations: pollen grains from the endemic species in any of 

the nine participating centers (Betula verrucosa, Phleum pratense, Lolium 

perenne, Olea europaea, Parietariajudaica, Artemisia vulgaris, Platanus 

acerifolia, Chenopodium album, Plantago lanceolata, Salsola kali, 

Cupressus arizonica, Ambrosia artemisiifolia). The unit that will be used is 

pollen grains/m3. 

3. Climate monitoring stations: temperature (oC), humidity (grams of water 

vapor/m3), barometric pressure (hPa), partial pressure of O and CO2 (kPa), 

cumulative rainfall (liters of rain water/m2 during a year), rate of storms and 

thunderstorms (events/year).  
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2.3 Categorization of patients into environmental conditions 

Outdoor pollution 

Disclaimer: virtually all patients recruited to ClimAIr will be exposed to ≥1 
polluting compound. Thus, their categorization into single- or multiple-pollution 
conditions will be done on the basis of exposure to different pollution sources 
rather than to one or more specific compounds. 
Definitions: a patient participating in ClimAIr will be considered to be exposed to 
the following types of pollution (1-4 as elaborated below) if the outdoor ambient 
air levels of ≥2 compounds have been above the level recommended by the 
WHO (126) for ≥6 months during the last year, provided that ≥1 pollutant is a 
signature compound (in bold letters) of that pollution category.     
1. Industry and construction: PM2.5, PM10, VOCs, O3, NO, NO2, SO2 

2. Transportation: PM2.5, PM10, VOCs, NO, NO2, CO, CO2 

3. Agriculture and waste: PM2.5, PM10, methane, N2O and ammonia 

4. Natural sources (dust, wildfires, etc.): PM10 and radon 

After the identification of the types of pollution the patients are exposed to, they 
will be further categorized into the following exposure groups: 
1. Single pollution: individuals exposed to only one pollution type 

2. Multiple pollution: individuals exposed to 2-4 pollution types 

Pollen 
Disclaimer: by recruitment criteria, the patients are exposed to relevant levels of 
Phleum pratense, Olea europaea and/or Betula verrucosa during the 
corresponding pollen seasons. Thus, exposure to ≥1 of these primary species is 
assumed for every patient. To further categorize the individuals, the level of the 
other pollens will be quantified. A patient will be considered to be exposed to a 
specific species when the corresponding pollen grain is detected (i) at any level 
(ii) in the relevant monitoring station (iii) and during the pollen season of the 
primary species driving rhinitis in the patient. The pollen levels detected outside 
the pollen seasons of the three primary species will not be taken into account.     
Definitions: after the identification of the types of pollution the patients are 
exposed to, they will be further categorized into the following exposure groups: 
3. Single pollen: individuals exposed only to the primary sensitizing pollen(s) 

4. Multiple pollen: individuals exposed to ≥1 additional pollen species 

Climate  
A patient recruited to ClimAIr will be considered to be exposed to the following 
types of climate (1-4 as elaborated below) on the basis of the average 
temperature and the cumulative rainfall during the previous year. 
1. Warm and humid: average annual temperature ≥21oC and cumulative 

annual rainfall ≥500 L/m2 

2. Warm and dry: average annual temperature ≥21oC and cumulative annual 

rainfall <500 L/m2 

3. Cold and humid: average annual temperature <21oC and cumulative 

annual rainfall ≥500 L/m2 
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4. Cold and dry: average annual temperature <21oC and cumulative annual 

rainfall <500 L/m2 

 
  



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 13 

3. CONCLUSION 

After applying these definitions, every patient participating in ClimAIr will be 
allocated to one of two pollution condition, one of two pollen condition and one 
of four climate condition. By matching these conditions with the relevant clinical 
outcomes of rhinitis, the impact of the environment on the disease can be 
clarified.  
 
 

  



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 14 

References 
 
1. World Health Organisation Report. 9 out of 10 people worldwide breathe 
polluted air, but more countries are taking action. http://www.who.int/news-
room/detai l/02-05-2018-9-out-of-10-people-world wide-breat he-pollu ted-air-
but-more-count ries-are-taking-action. Accessed July 1, 2018. 
2. Del Giacco SR, Bakirtas A, Bel E, Custovic A, Diamant Z, Hamelmann E, 
et al. Allergy in severe asthma. Allergy 2017;72(2):207-220. 
3. Rondon C, Bogas G, Barrionuevo E, Blanca M, Torres MJ, Campo P. 
Nonallergic rhinitis and lower airway disease. Allergy 2017;72(1):24-34. 
4. Colas C, Brosa M, Anton E, Montoro J, Navarro A, Dordal MT, et al. 
Estimate of the total costs of allergic rhinitis in specialized care based on real-
world data: the FERIN Study. Allergy 2017;72(6):959-966. 
5. Belhassen M, Demoly P, Bloch-Morot E, de Pouvourville G, Ginoux M, 
Chartier A, et al. Costs of perennial allergic rhinitis and allergic asthma increase 
with severity and poor disease control. Allergy 2017;72(6):948-958. 
6. Brozek JL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic-
Anticevich S, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines-
2016 revision. J Allergy Clin Immunol 2017;140(4):950-958. 
7. Agache I, Miller R, Gern JE, Hellings PW, Jutel M, Muraro A, et al. 
Emerging concepts and challenges in implementing the exposome paradigm in 
allergic diseases and asthma: a Practall document. Allergy 2019;74(3):449-463. 
8. Cecchi L, D'Amato G, Annesi-Maesano I. External exposome and allergic 
respiratory and skin diseases. J Allergy Clin Immunol 2018;141(3):846-857. 
9. Abramson MJ, Guo Y. Indoor Endotoxin Exposure and Ambient Air 
Pollutants Interact on Asthma Outcomes. Am J Respir Crit Care Med 
2019;200(6):652-654. 
10. Ziello C, Sparks TH, Estrella N, Belmonte J, Bergmann KC, Bucher E, et 
al. Changes to airborne pollen counts across Europe. PLoS One 
2012;7(4):e34076. 
11. Collaborators GBDRF. Global, regional, and national comparative risk 
assessment of 84 behavioural, environmental and occupational, and metabolic 
risks or clusters of risks, 1990-2016: a systematic analysis for the Global 
Burden of Disease Study 2016. Lancet 2017;390(10100):1345-1422. 
12. Greenland S. Concepts and pitfalls in measuring and interpreting 
attributable fractions, prevented fractions, and causation probabilities. Ann 
Epidemiol 2015;25(3):155-161. 
13. Thurston GD, Kipen H, Annesi-Maesano I, Balmes J, Brook RD, Cromar 
K, et al. A joint ERS/ATS policy statement: what constitutes an adverse health 
effect of air pollution? An analytical framework. Eur Respir J 2017;49(1). 
14. Gehring U, Gruzieva O, Agius RM, Beelen R, Custovic A, Cyrys J, et al. 
Air pollution exposure and lung function in children: the ESCAPE project. 
Environ Health Perspect 2013;121(11-12):1357-1364. 
15. Hassen HY, Govarts E, Remy S, Cox B, Iszatt N, Portengen L, et al. 
Association of environmental pollutants with asthma and allergy, and the 
mediating role of oxidative stress and immune markers in adolescents. Environ 
Res 2025;265:120445. 

http://www.who.int/news-room/detai
http://www.who.int/news-room/detai


 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 15 

16. Lin Y, Zhu Z, Aodeng S, Wang X, Wang L, Wang W, et al. Ambient air 
pollution and risk of allergic respiratory diseases in European and East Asian 
populations: A Mendelian randomization study. Ecotoxicol Environ Saf 
2024;286:117205. 
17. Zhong J, Li W, Yang S, Shen Y, Li X. Causal association between air 
pollution and allergic rhinitis, asthma: a Mendelian randomization study. Front 
Public Health 2024;12:1386341. 
18. Irizar H, Chun Y, Hsu HL, Li YC, Zhang L, Arditi Z, et al. Multi-omic 
integration reveals alterations in nasal mucosal biology that mediate air 
pollutant effects on allergic rhinitis. Allergy 2024;79(11):3047-3061. 
19. Luo P, Ying J, Li J, Yang Z, Sun X, Ye D, et al. Air Pollution and Allergic 
Rhinitis: Findings from a Prospective Cohort Study. Environ Sci Technol 
2023;57(42):15835-15845. 
20. Salcan S, Salcan I. The correlation between air pollution and the allergic 
rhinitis incidence: Erzincan model. Eur Rev Med Pharmacol Sci 2023;27(2 
Suppl):51-56. 
21. Lu C, Liu Z, Liao H, Yang W, Li Q, Liu Q. Effects of early life exposure to 
home environmental factors on childhood allergic rhinitis: Modifications by 
outdoor air pollution and temperature. Ecotoxicol Environ Saf 2022;244:114076. 
22. Wu R, Guo Q, Fan J, Guo C, Wang G, Wu W, et al. Association between 
air pollution and outpatient visits for allergic rhinitis: Effect modification by 
ambient temperature and relative humidity. Sci Total Environ 2022;821:152960. 
23. Li S, Wu W, Wang G, Zhang X, Guo Q, Wang B, et al. Association 
between exposure to air pollution and risk of allergic rhinitis: A systematic 
review and meta-analysis. Environ Res 2022;205:112472. 
24. Huang Y, Guo ZQ, Zhang RX, Zhao RW, Dong WY, Wang H, et al. Effect 
of PM2.5 on MicroRNA Expression and Function in Nasal Mucosa of Rats With 
Allergic Rhinitis. Am J Rhinol Allergy 2020;34(4):543-553. 
25. Wang M, Wang S, Wang X, Tian Y, Wu Y, Cao Y, et al. The association 
between PM(2.5) exposure and daily outpatient visits for allergic rhinitis: 
evidence from a seriously air-polluted environment. Int J Biometeorol 
2020;64(1):139-144. 
26. Gehring U, Wijga AH, Hoek G, Bellander T, Berdel D, Bruske I, et al. 
Exposure to air pollution and development of asthma and rhinoconjunctivitis 
throughout childhood and adolescence: a population-based birth cohort study. 
Lancet Respir Med 2015;3(12):933-942. 
27. Khreis H, Kelly C, Tate J, Parslow R, Lucas K, Nieuwenhuijsen M. 
Exposure to traffic-related air pollution and risk of development of childhood 
asthma: A systematic review and meta-analysis. Environ Int 2017;100:1-31. 
28. Hsu HH, Chiu YH, Coull BA, Kloog I, Schwartz J, Lee A, et al. Prenatal 
Particulate Air Pollution and Asthma Onset in Urban Children. Identifying 
Sensitive Windows and Sex Differences. Am J Respir Crit Care Med 
2015;192(9):1052-1059. 
29. Sbihi H, Tamburic L, Koehoorn M, Brauer M. Perinatal air pollution 
exposure and development of asthma from birth to age 10 years. Eur Respir J 
2016;47(4):1062-1071. 



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 16 

30. Tsai YG, Chio CP, Yang KD, Lin CH, Yeh YP, Chang YJ, et al. Long-term 
PM(2.5) exposure is associated with asthma prevalence and exhaled nitric 
oxide levels in children. Pediatr Res 2025;97(1):370-377. 
31. Adam M, Schikowski T, Carsin AE, Cai Y, Jacquemin B, Sanchez M, et 
al. Adult lung function and long-term air pollution exposure. ESCAPE: a 
multicentre cohort study and meta-analysis. Eur Respir J 2015;45(1):38-50. 
32. Doiron D, de Hoogh K, Probst-Hensch N, Fortier I, Cai Y, De Matteis S, 
et al. Air pollution, lung function and COPD: results from the population-based 
UK Biobank study. Eur Respir J 2019;54(1). 
33. Jacquemin B, Siroux V, Sanchez M, Carsin AE, Schikowski T, Adam M, 
et al. Ambient air pollution and adult asthma incidence in six European cohorts 
(ESCAPE). Environ Health Perspect 2015;123(6):613-621. 
34. Cai Y, Zijlema WL, Doiron D, Blangiardo M, Burton PR, Fortier I, et al. 
Ambient air pollution, traffic noise and adult asthma prevalence: a BioSHaRE 
approach. Eur Respir J 2017;49(1). 
35. Savoure M, Lequy E, Bousquet J, Chen J, de Hoogh K, Goldberg M, et 
al. Long-term exposures to PM(2.5), black carbon and NO(2) and prevalence of 
current rhinitis in French adults: The Constances Cohort. Environ Int 
2021;157:106839. 
36. Maio S, Baldacci S, Carrozzi L, Pistelli F, Angino A, Simoni M, et al. 
Respiratory symptoms/diseases prevalence is still increasing: a 25-yr 
population study. Respir Med 2016;110:58-65. 
37. Deng Q, Lu C, Yu Y, Li Y, Sundell J, Norback D. Early life exposure to 
traffic-related air pollution and allergic rhinitis in preschool children. Respir Med 
2016;121:67-73. 
38. Burte E, Leynaert B, Bono R, Brunekreef B, Bousquet J, Carsin AE, et al. 
Association between air pollution and rhinitis incidence in two European 
cohorts. Environ Int 2018;115:257-266. 
39. Yu Q, Guo Z, Bai L, Liu H, Xie C, Liu D, et al. Residential Proximity to 
Major Roadways and Risk of Allergic Respiratory Outcomes: A Systematic 
Review and Meta-analysis. Clin Rev Allergy Immunol 2025;68(1):69. 
40. Zhang ZQ, Li JY, Guo Q, Li YL, Bao YW, Song YQ, et al. Association 
between air pollution and allergic upper respiratory diseases: a meta-analysis. 
Eur Respir Rev 2025;34(176). 
41. Chen M, Xu Z, Fu Y, Zhang N, Liu W, Shi L, et al. Association of long-
term air pollution and allergen exposure with endotype shift in chronic 
rhinosinusitis with nasal polyps. Ann Allergy Asthma Immunol 2025;135(2):171-
179 e172. 
42. Tagliaferro S, Pirona F, Fasola S, Stanisci I, Sarno G, Baldacci S, et al. 
Effects of traffic-related air and noise pollution exposure on allergic diseases in 
the elderly: an observational study. Ann Med 2024;56(1):2398193. 
43. Liu L, Ma J, Peng S, Xie L. Prenatal and early-life exposure to traffic-
related air pollution and allergic rhinitis in children: A systematic literature 
review. PLoS One 2023;18(4):e0284625. 
44. Kumar RK, Shadie AM, Bucknall MP, Rutlidge H, Garthwaite L, Herbert 
C, et al. Differential injurious effects of ambient and traffic-derived particulate 
matter on airway epithelial cells. Respirology 2015;20(1):73-79. 



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 17 

45. Hirota JA, Gold MJ, Hiebert PR, Parkinson LG, Wee T, Smith D, et al. 
The nucleotide-binding domain, leucine-rich repeat protein 3 inflammasome/IL-1 
receptor I axis mediates innate, but not adaptive, immune responses after 
exposure to particulate matter under 10 mum. Am J Respir Cell Mol Biol 
2015;52(1):96-105. 
46. Weng CM, Wang CH, Lee MJ, He JR, Huang HY, Chao MW, et al. Aryl 
hydrocarbon receptor activation by diesel exhaust particles mediates 
epithelium-derived cytokines expression in severe allergic asthma. Allergy 
2018;73(11):2192-2204. 
47. Hackett TL, Singhera GK, Shaheen F, Hayden P, Jackson GR, Hegele 
RG, et al. Intrinsic phenotypic differences of asthmatic epithelium and its 
inflammatory responses to respiratory syncytial virus and air pollution. Am J 
Respir Cell Mol Biol 2011;45(5):1090-1100. 
48. Jain V, Raina S, Gheware AP, Singh R, Rehman R, Negi V, et al. 
Reduction in polyamine catabolism leads to spermine-mediated airway 
epithelial injury and induces asthma features. Allergy 2018;73(10):2033-2045. 
49. Mitamura Y, Nunomura S, Nanri Y, Ogawa M, Yoshihara T, Masuoka M, 
et al. The IL-13/periostin/IL-24 pathway causes epidermal barrier dysfunction in 
allergic skin inflammation. Allergy 2018;73(9):1881-1891. 
50. Lovinsky-Desir S, Jung KH, Jezioro JR, Torrone DZ, de Planell-Saguer 
M, Yan B, et al. Physical activity, black carbon exposure, and DNA methylation 
in the FOXP3 promoter. Clin Epigenetics 2017;9:65. 
51. Jung KH, Lovinsky-Desir S, Yan B, Torrone D, Lawrence J, Jezioro JR, et 
al. Effect of personal exposure to black carbon on changes in allergic asthma 
gene methylation measured 5 days later in urban children: importance of 
allergic sensitization. Clin Epigenetics 2017;9:61. 
52. Naclerio R, Ansotegui IJ, Bousquet J, Canonica GW, D'Amato G, Rosario 
N, et al. International expert consensus on the management of allergic rhinitis 
(AR) aggravated by air pollutants: Impact of air pollution on patients with AR: 
Current knowledge and future strategies. World Allergy Organ J 
2020;13(3):100106. 
53. Molloy J, Koplin JJ, Allen KJ, Tang MLK, Collier F, Carlin JB, et al. 
Vitamin D insufficiency in the first 6 months of infancy and challenge-proven 
IgE-mediated food allergy at 1 year of age: a case-cohort study. Allergy 
2017;72(8):1222-1231. 
54. Yepes-Nunez JJ, Brozek JL, Fiocchi A, Pawankar R, Cuello-Garcia C, 
Zhang Y, et al. Vitamin D supplementation in primary allergy prevention: 
Systematic review of randomized and non-randomized studies. Allergy 
2018;73(1):37-49. 
55. Breysse PN, Diette GB, Matsui EC, Butz AM, Hansel NN, McCormack 
MC. Indoor air pollution and asthma in children. Proc Am Thorac Soc 
2010;7(2):102-106. 
56. Tang H, Du S, Niu Z, Zhang D, Tang Z, Chen H, et al. Nasal, dermal, oral 
and indoor dust microbe and their interrelationship in children with allergic 
rhinitis. BMC Microbiol 2024;24(1):505. 
57. Gasana J, Ibrahimou B, Albatineh AN, Al-Zoughool M, Zein D. Exposures 
in the Indoor Environment and Prevalence of Allergic Conditions in the United 
States of America. Int J Environ Res Public Health 2021;18(9). 



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 18 

58. Wang J, Janson C, Jogi R, Forsberg B, Gislason T, Holm M, et al. A 
prospective study on the role of smoking, environmental tobacco smoke, indoor 
painting and living in old or new buildings on asthma, rhinitis and respiratory 
symptoms. Environ Res 2021;192:110269. 
59. Hulin M, Simoni M, Viegi G, Annesi-Maesano I. Respiratory health and 
indoor air pollutants based on quantitative exposure assessments. Eur Respir J 
2012;40(4):1033-1045. 
60. Vanker A, Gie RP, Zar HJ. The association between environmental 
tobacco smoke exposure and childhood respiratory disease: a review. Expert 
Rev Respir Med 2017;11(8):661-673. 
61. Vardavas CI, Hohmann C, Patelarou E, Martinez D, Henderson AJ, 
Granell R, et al. The independent role of prenatal and postnatal exposure to 
active and passive smoking on the development of early wheeze in children. 
Eur Respir J 2016;48(1):115-124. 
62. Schwarze J, Openshaw P, Jha A, Del Giacco SR, Firinu D, Tsilochristou 
O, et al. Influenza burden, prevention, and treatment in asthma-A scoping 
review by the EAACI Influenza in asthma task force. Allergy 2018;73(6):1151-
1181. 
63. Feldman LY, Thacher JD, van Hage M, Kull I, Melen E, Pershagen G, et 
al. Early-life secondhand smoke exposure and food hypersensitivity through 
adolescence. Allergy 2018;73(7):1558-1561. 
64. Burke H, Leonardi-Bee J, Hashim A, Pine-Abata H, Chen Y, Cook DG, et 
al. Prenatal and passive smoke exposure and incidence of asthma and wheeze: 
systematic review and meta-analysis. Pediatrics 2012;129(4):735-744. 
65. Melen E, Barouki R, Barry M, Boezen HM, Hoffmann B, Krauss-
Etschmann S, et al. Promoting respiratory public health through epigenetics 
research: an ERS Environment Health Committee workshop report. Eur Respir 
J 2018;51(4). 
66. Birzele LT, Depner M, Ege MJ, Engel M, Kublik S, Bernau C, et al. 
Environmental and mucosal microbiota and their role in childhood asthma. 
Allergy 2017;72(1):109-119. 
67. Marsland BJ, Gollwitzer ES. Host-microorganism interactions in lung 
diseases. Nat Rev Immunol 2014;14(12):827-835. 
68. Morris A, Beck JM, Schloss PD, Campbell TB, Crothers K, Curtis JL, et 
al. Comparison of the respiratory microbiome in healthy nonsmokers and 
smokers. Am J Respir Crit Care Med 2013;187(10):1067-1075. 
69. Kulkarni R, Antala S, Wang A, Amaral FE, Rampersaud R, Larussa SJ, et 
al. Cigarette smoke increases Staphylococcus aureus biofilm formation via 
oxidative stress. Infect Immun 2012;80(11):3804-3811. 
70. Jaspers I. Cigarette smoke effects on innate immune mechanisms in the 
nasal mucosa. Potential effects on the microbiome. Ann Am Thorac Soc 
2014;11 Suppl 1:S38-42. 
71. Samitas K, Carter A, Kariyawasam HH, Xanthou G. Upper and lower 
airway remodelling mechanisms in asthma, allergic rhinitis and chronic 
rhinosinusitis: The one airway concept revisited. Allergy 2018;73(5):993-1002. 
72. Mehta AK, Doherty T, Broide D, Croft M. Tumor necrosis factor family 
member LIGHT acts with IL-1beta and TGF-beta to promote airway remodeling 
during rhinovirus infection. Allergy 2018;73(7):1415-1424. 



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 19 

73. Yigit E, Yuksel H, Ulman C, Yilmaz O. Nasal effects of environmental 
tobacco smoke exposure in children with allergic rhinitis. Respir Med 
2025;236:107886. 
74. Azizi BH, Zulkifli HI, Kasim S. Indoor air pollution and asthma in 
hospitalized children in a tropical environment. J Asthma 1995;32(6):413-418. 
75. Gillespie-Bennett J, Pierse N, Wickens K, Crane J, Howden-Chapman P, 
Housing H, et al. The respiratory health effects of nitrogen dioxide in children 
with asthma. Eur Respir J 2011;38(2):303-309. 
76. de Vries MP, van den Bemt L, van der Mooren FM, Muris JW, van 
Schayck CP. The prevalence of house dust mite (HDM) allergy and the use of 
HDM-impermeable bed covers in a primary care population of patients with 
persistent asthma in the Netherlands. Prim Care Respir J 2005;14(4):210-214. 
77. Ruggieri S, Drago G, Longo V, Colombo P, Balzan M, Bilocca D, et al. 
Sensitization to dust mite defines different phenotypes of asthma: A multicenter 
study. Pediatr Allergy Immunol 2017;28(7):675-682. 
78. Platts-Mills TA. The allergy epidemics: 1870-2010. J Allergy Clin Immunol 
2015;136(1):3-13. 
79. Cazzoletti L, Marcon A, Corsico A, Janson C, Jarvis D, Pin I, et al. 
Asthma severity according to Global Initiative for Asthma and its determinants: 
an international study. Int Arch Allergy Immunol 2010;151(1):70-79. 
80. Calderon MA, Linneberg A, Kleine-Tebbe J, De Blay F, Hernandez 
Fernandez de Rojas D, Virchow JC, et al. Respiratory allergy caused by house 
dust mites: What do we really know? J Allergy Clin Immunol 2015;136(1):38-48. 
81. Katelaris CH, Beggs PJ. Climate change: allergens and allergic 
diseases. Intern Med J 2018;48(2):129-134. 
82. Thacher JD, Gruzieva O, Pershagen G, Melen E, Lorentzen JC, Kull I, et 
al. Mold and dampness exposure and allergic outcomes from birth to 
adolescence: data from the BAMSE cohort. Allergy 2017;72(6):967-974. 
83. EA-MI C, P C, al. E. SINPHONIE – Schools Indoor Pollution and Health 
Observatory Network in Europe - Final Report. Publications Office of the 
European Union; 2014. http://publi catio ns.jrc.ec.europa.eu/repos itory/ handl 
e/JRC91160. Accessed June 8, 2018. 
84. Simoni M, Annesi-Maesano I, Sigsgaard T, Norback D, Wieslander G, 
Nystad W, et al. School air quality related to dry cough, rhinitis and nasal 
patency in children. Eur Respir J 2010;35(4):742-749. 
85. Simoni M, Cai GH, Norback D, Annesi-Maesano I, Lavaud F, Sigsgaard 
T, et al. Total viable molds and fungal DNA in classrooms and association with 
respiratory health and pulmonary function of European schoolchildren. Pediatr 
Allergy Immunol 2011;22(8):843-852. 
86. Ruggieri S, Longo V, Perrino C, Canepari S, Drago G, L'Abbate L, et al. 
Indoor air quality in schools of a highly polluted south Mediterranean area. 
Indoor Air 2019;29(2):276-290. 
87. Suarez-Cervera M, Castells T, Vega-Maray A, Civantos E, del Pozo V, 
Fernandez-Gonzalez D, et al. Effects of air pollution on cup a 3 allergen in 
Cupressus arizonica pollen grains. Ann Allergy Asthma Immunol 
2008;101(1):57-66. 



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 20 

88. Donders TH, Hagemans K, Dekker SC, de Weger LA, de Klerk P, 
Wagner-Cremer F. Region-specific sensitivity of anemophilous pollen deposition 
to temperature and precipitation. PLoS One 2014;9(8):e104774. 
89. Ziska LH, Gebhard DE, Frenz DA, Faulkner S, Singer BD, Straka JG. 
Cities as harbingers of climate change: common ragweed, urbanization, and 
public health. J Allergy Clin Immunol 2003;111(2):290-295. 
90. Reinmuth-Selzle K, Kampf CJ, Lucas K, Lang-Yona N, Frohlich-
Nowoisky J, Shiraiwa M, et al. Air Pollution and Climate Change Effects on 
Allergies in the Anthropocene: Abundance, Interaction, and Modification of 
Allergens and Adjuvants. Environ Sci Technol 2017;51(8):4119-4141. 
91. Garcia-Mozo H. Poaceae pollen as the leading aeroallergen worldwide: A 
review. Allergy 2017;72(12):1849-1858. 
92. Cabrera M, Subiza J, Fernandez-Caldas E, Garzon Garcia B, Moreno-
Grau S, Subiza JL. Influence of environmental drivers on allergy to pollen grains 
in a case study in Spain (Madrid): meteorological factors, pollutants, and 
airborne concentration of aeroallergens. Environ Sci Pollut Res Int 
2021;28(38):53614-53628. 
93. Beck I, Jochner S, Gilles S, McIntyre M, Buters JT, Schmidt-Weber C, et 
al. High environmental ozone levels lead to enhanced allergenicity of birch 
pollen. PLoS One 2013;8(11):e80147. 
94. Zhou S, Wang X, Lu S, Yao C, Zhang L, Rao L, et al. Characterization of 
allergenicity of Platanus pollen allergen a 3 (Pla a 3) after exposure to NO(2) 
and O(3). Environ Pollut 2021;278:116913. 
95. Cakmak S, Dales RE, Coates F. Does air pollution increase the effect of 
aeroallergens on hospitalization for asthma? J Allergy Clin Immunol 
2012;129(1):228-231. 
96. Guilbert A, Cox B, Bruffaerts N, Hoebeke L, Packeu A, Hendrickx M, et 
al. Relationships between aeroallergen levels and hospital admissions for 
asthma in the Brussels-Capital Region: a daily time series analysis. Environ 
Health 2018;17(1):35. 
97. Annesi-Maesano I, Rouve S, Desqueyroux H, Jankovski R, Klossek JM, 
Thibaudon M, et al. Grass pollen counts, air pollution levels and allergic rhinitis 
severity. Int Arch Allergy Immunol 2012;158(4):397-404. 
98. JH S, SN P. Atmospheric Chemistry and Physics, 2nd ed. Hoboken, NJ: 
John Wiley; 2006. 
99. Council NR. America´s Climate Choices: Panel on Advancing the 
Science of Climate Change; 2010. Report No.: ISBN0-309-14588-0. 
100. D'Amato G, Cecchi L, D'Amato M, Annesi-Maesano I. Climate change 
and respiratory diseases. Eur Respir Rev 2014;23(132):161-169. 
101. Montoro J, Antolin-Amerigo D, Izquierdo-Dominguez A, Zapata JJ, 
Garcia-Gallardo MV, Gonzalez R, et al. Climate Change-Associated 
Environmental Factors and Pollutants: Impact on Allergic Diseases, 
Epidemiology, Severity, and Health Care Burden. J Investig Allergol Clin 
Immunol 2025;35(4):240-250. 
102. Pacheco SE, Guidos-Fogelbach G, Annesi-Maesano I, Pawankar R, G 
DA, Latour-Staffeld P, et al. Climate change and global issues in allergy and 
immunology. J Allergy Clin Immunol 2021;148(6):1366-1377. 



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 21 

103. Storkey J, Stratonovitch P, Chapman DS, Vidotto F, Semenov MA. A 
process-based approach to predicting the effect of climate change on the 
distribution of an invasive allergenic plant in Europe. PLoS One 
2014;9(2):e88156. 
104. Pfaar O, Bastl K, Berger U, Buters J, Calderon MA, Clot B, et al. Defining 
pollen exposure times for clinical trials of allergen immunotherapy for pollen-
induced rhinoconjunctivitis - an EAACI position paper. Allergy 2017;72(5):713-
722. 
105. Ziska L, Knowlton K, Rogers C, Dalan D, Tierney N, Elder MA, et al. 
Recent warming by latitude associated with increased length of ragweed pollen 
season in central North America. Proc Natl Acad Sci U S A 2011;108(10):4248-
4251. 
106. Garcia-Mozo H, Oteros JA, Galan C. Impact of land cover changes and 
climate on the main airborne pollen types in Southern Spain. Sci Total Environ 
2016;548-549:221-228. 
107. Lind T, Ekebom A, Alm Kubler K, Ostensson P, Bellander T, Lohmus M. 
Pollen Season Trends (1973-2013) in Stockholm Area, Sweden. PLoS One 
2016;11(11):e0166887. 
108. D'Amato G, Annesi-Maesano I, Cecchi L, D'Amato M. Latest news on 
relationship between thunderstorms and respiratory allergy, severe asthma, and 
deaths for asthma. Allergy 2019;74(1):9-11. 
109. Altizer S, Ostfeld RS, Johnson PT, Kutz S, Harvell CD. Climate change 
and infectious diseases: from evidence to a predictive framework. Science 
2013;341(6145):514-519. 
110. Tormanen S, Lauhkonen E, Riikonen R, Koponen P, Huhtala H, Helminen 
M, et al. Risk factors for asthma after infant bronchiolitis. Allergy 
2018;73(4):916-922. 
111. North ML, Jones MJ, MacIsaac JL, Morin AM, Steacy LM, Gregor A, et al. 
Blood and nasal epigenetics correlate with allergic rhinitis symptom 
development in the environmental exposure unit. Allergy 2018;73(1):196-205. 
112. Karatzas K, Katsifarakis N, Riga M, Werchan B, Werchan M, Berger U, et 
al. New European Academy of Allergy and Clinical Immunology definition on 
pollen season mirrors symptom load for grass and birch pollen-induced allergic 
rhinitis. Allergy 2018;73(9):1851-1859. 
113. Karatzas K, Riga M, Berger U, Werchan M, Pfaar O, Bergmann KC. 
Computational validation of the recently proposed pollen season definition 
criteria. Allergy 2018;73(1):5-7. 
114. Fuertes E, Butland BK, Ross Anderson H, Carlsten C, Strachan DP, 
Brauer M, et al. Childhood intermittent and persistent rhinitis prevalence and 
climate and vegetation: a global ecologic analysis. Ann Allergy Asthma Immunol 
2014;113(4):386-392 e389. 
115. Surda P, Putala M, Siarnik P, Walker A, Bernic A, Fokkens W. Rhinitis 
and its impact on quality of life in swimmers. Allergy 2018;73(5):1022-1031. 
116. Paterson RR, Lima N. Thermophilic Fungi to Dominate 
Aflatoxigenic/Mycotoxigenic Fungi on Food under Global Warming. Int J Environ 
Res Public Health 2017;14(2). 



 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 22 

117. Baccini M, Biggeri A, Accetta G, Kosatsky T, Katsouyanni K, Analitis A, et 
al. Heat effects on mortality in 15 European cities. Epidemiology 
2008;19(5):711-719. 
118. D'Ippoliti D, Michelozzi P, Marino C, de'Donato F, Menne B, Katsouyanni 
K, et al. The impact of heat waves on mortality in 9 European cities: results from 
the EuroHEAT project. Environ Health 2010;9:37. 
119. Michelozzi P, Accetta G, De Sario M, D'Ippoliti D, Marino C, Baccini M, et 
al. High temperature and hospitalizations for cardiovascular and respiratory 
causes in 12 European cities. Am J Respir Crit Care Med 2009;179(5):383-389. 
120. Lemmetyinen RE, Karjalainen JV, But A, Renkonen RLO, Pekkanen JR, 
Toppila-Salmi SK, et al. Higher mortality of adults with asthma: A 15-year follow-
up of a population-based cohort. Allergy 2018;73(7):1479-1488. 
121. Analitis A, Michelozzi P, D'Ippoliti D, De'Donato F, Menne B, Matthies F, 
et al. Effects of heat waves on mortality: effect modification and confounding by 
air pollutants. Epidemiology 2014;25(1):15-22. 
122. D'Amato G, Cecchi L, Annesi-Maesano I. A trans-disciplinary overview of 
case reports of thunderstorm-related asthma outbreaks and relapse. Eur Respir 
Rev 2012;21(124):82-87. 
123. Cockcroft DW. Epidemic thunderstorm asthma. Lancet Planet Health 
2018;2(6):e236-e237. 
124. Hew M, Lee J, Susanto NH, Prasad S, Bardin PG, Barnes S, et al. The 
2016 Melbourne thunderstorm asthma epidemic: Risk factors for severe attacks 
requiring hospital admission. Allergy 2019;74(1):122-130. 
125. Inspector General of Emergency Management, Victoria State 
Government. Review of Response to the Thunderstorm Asthma Event of 21–22 
November 2016 Preliminary Report. [cited 2018 May 24]. https 
://www.igem.vic.gov.au/sites/ defau lt/files/ embridge_cache/ emsha re/origi 
nal/publi c/2017/07/d9/afdfc 
180a/Reviewofresponsetothunderstormasthmaeventof2122NovemberPreliminar 
yReport.pdf. Accessed July 1, 2018. 

126. https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-
quality-and-health 
  

file:///C:/Users/eguiluzibon24G/Downloads/www.igem.vic.gov.au/sites/
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health


 
 
D5.2. Generation of a consensus definition for single- andmultipollutant exposure and for other variables 
that impact airway allergy outcomes 
Version 2 

 

 23 

 
 

 

 
 
 
 
 
 


