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Abstract

Air pollution and climate change have a significant impact on human health and well-being and
contribute to the onset and aggravation of allergic rhinitis and asthma among other chronic
respiratory diseases. In Westernized countries, households have experienced a process of
increasing insulation and individuals tend to spend most of their time indoors. These sequelae
implicate a high exposure to indoor allergens (house dust mites, pets, molds, etc.), tobacco
smoke and other pollutants, which have an impact on respiratory health. Outdoor air pollution
derived from traffic and other human activities not only has a direct negative effect on human
health but also enhances the allergenicity of some plants and contributes to global warming.
Climate change modifies the availability and distribution of plant- and fungal-derived allergens
and increases the frequency of extreme climate events. This review summarizes the effects of
indoor air pollution, outdoor air pollution and subsequent climate change on asthma and allergic
rhinitis in children and adults and addresses the policy adjustments and lifestyle changes required
to mitigate their deleterious effects.
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Introduction

Since the beginning of the industrial revolution, Western countries experienced an explosive
process of urbanization, which dramatically affected environmental exposures. Following this
trend, many low-to-middle income countries are undergoing similar processes. Consequently,
>90% of the population lives in places where air quality does not meet the recommendations of
the World Health Organization (WHO) (1). The European Environmental Agency reported that
most urban dwellers were exposed to concentrations of fine particulate matter (PM,5) and
particulate matter of <10 micrometers in diameter (PM,) above WHO recommendations (74%
and 42%, respectively) (2). Importantly, air pollution is currently one of the leading causes of
premature death in the World (3, 4).

Allergic rhinitis (AR) and asthma share many pathophysiological links (5, 6) and are among the
commonest respiratory conditions (7, 8), with their increasing prevalence mirroring the rise in
Westernized lifestyle worldwide (9). Because the airways represent one of the major boundaries
of the body, environmental exposures (collectively termed “the exposome”) (10) greatly affect the
homeostasis of the respiratory mucosae. Importantly, climate and urban dwelling (with its
associated decrease in biodiversity) significantly determine the exposome composition (11).
Among the exposome components, pollutants, microbes, and allergens have a substantial impact
on health (12).

Several policy changes could help reduce the deleterious components of the exposome and
minimize their effects on respiratory health (2). Of note, some policy measures have already
proven effective at decreasing the burden of air pollution-related diseases (e.g. restrictions on
tobacco smoking in public places) (13).

This narrative review summarizes the latest insights regarding the effects of indoor and outdoor
pollution and climate change on AR and asthma, and addresses the policy adjustments required
to mitigate their effects. To this end, we identified relevant articles published during the period

2014-2019, together with several previous key studies related to the topic.
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Indoor air pollution

Most individuals in Westernized countries spend ~80% of their time indoors (14, 15),
demonstrating the importance of indoor air quality. The composition of indoor air is affected by
several factors including outdoor pollutants, the quality/quantity of ventilation, indoor allergens,

and activities such as smoking, heating, cooking, etc. (16).
Second-hand exposure to tobacco smoke
Epidemiological Evidence

Tobacco smoke contains at least 4,500 toxic chemical compounds, including PM, oxidative
gases, heavy metals, and at least 50 carcinogens (17). Tobacco smoke poses significant health
risks to non-smokers who inhale the smoke in various microenvironments, such as households or
workplaces (second-hand smoke (SHS) exposure). Recently, the pyro-synthesis and cigarette
combustion related to domestic smoking were identified as key phenomena increasing the levels

of PM and toxic chemical agents in households (18).

SHS exposure during pregnancy and infancy is associated with asthma onset, poor asthma
control, and more severe exacerbations during childhood (19-21), among other chronic conditions
(22). Prenatal and postnatal SHS exposure was linked to a 21-85% increase in the risk of asthma
in children, with the highest effect observed among children exposed to tobacco smoke during the
first two years of life (20, 23). More recently, a study of five European birth cohorts (n=10,860)
showed that maternal smoking during infancy correlated with a 15% (95%CI: 0-31%) increase in
the risk of asthma in children (24). Interestingly, SHS exposure might induce epigenetic changes
with transgenerational repercussions on asthma onset (25), which would imply a very long-term
effect of tobacco smoking on respiratory health. The immaturity of the immune and respiratory
systems of children and their larger air volume per weight kilogram inhaled as compared to adults
might explain the high sensitivity to tobacco smoke during childhood (26). The initial studies
conducted by the European Community Respiratory Health Survey (ECRHS) in different
European countries did not reach a definitive conclusion regarding the role of SHS exposure on
asthma in adults (27). Conversely, later studies suggested a higher risk of adult-onset asthma in
patients exposed to tobacco smoke (28, 29), together with a slightly lower risk of seasonal AR
(29). Similarly, a recent study form the ECRHS found associations between SHS exposure and
physician-diagnosed asthma and poorer asthma control in adults, yet no effect was observed on

the lung function (30).
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Tobacco smoke alters airway microbiota

Similar to the gut (31, 32), the respiratory tract of healthy humans is colonized by a variety of
different bacteria, viruses, and fungi (33). This colonization may shift in response to changes in
the local environment (e.g., tobacco smoke), potentially inducing a long-lasting state of bacterial
dysbiosis (34). A study reported that the pharyngeal microbiota of individuals exposed to tobacco
smoke was richer in species, such as Porphyromonas, Neisseria and Gemella compared to non-
exposed subjects, but the authors failed to identify significant changes in the microbiota
recovered from bronchoalveolar lavage samples (35). Various tobacco smoke compounds can
directly affect the airway microbiota (e.g., enhanced biofilm formation by Staphylococcus aureus
(36)), and cigarettes themselves carry bacteria and fungi, including several human pathogens
[figure 1] (37). Furthermore, tobacco smoke upregulates the airway mucus production, impairs
the mucociliary clearance and induces low-grade inflammation within the lungs, collectively
changing the micro-environmental conditions of the niche, which might affect the local microbiota

(38). These changes might eventually promote airway remodeling (39, 40).

Many chronic lung diseases, including asthma and bronchiectasis, have been associated with an
altered respiratory microbiota (34, 41-43). The asthmatic bronchus with chronic inflammation and
increased mucus production represents an ecological niche different from that of a healthy
bronchus (34). However, it is still unclear if the bacterial dysbiosis is a cause or a consequence of
the disease (44). In this regard, the diverse compositions of the airway microbiota correlate with
the concentration of inflammatory cytokines in murine lungs, suggesting that changes in the

microbiota can also modulate the host’s inflammatory status (45).
Other sources of indoor air pollution

Other agents, such as nitrogen dioxide (NO,), carbon monoxide (CO) or some volatile organic

compounds (VOC) (e.g. formaldehyde) are also main indoor pollutants (46, 47).

Indoor NO, is mainly generated by gas-fueled cooking and heating appliances and the levels in
European households can be as high as 2500ug/m? (48). On the other hand, the Towards
Healthy Air in Dwellings in Europe (THADE) project reported that the mean concentration of
indoor NO, in Europe ranged from 10-15ug/m® in Scandinavia to 65ug/m3 in Poland (49).
Numerous studies have reported positive associations between indoor NO, and the
presence/aggravation of asthma symptoms in children (16, 50). Some VOCs generated from

sources like building materials or consumer products (cleaning products, cosmetics, air
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fresheners, etc.) act as indoor air pollutants (51). A systematic review from 2015 reported only
weak evidence relating exposure to this type of VOCs to the onset of asthma and AR, as well as

to the aggravation of asthma/AR symptoms in both children and adults (52).

The use of solid fuel (e.g. coal) for cooking and heating does not only remain a source of indoor
pollution in developing countries, but is still a common practice for residential heating in many
Western households (53). Exposure to the smoke generated by this biomass has been linked to
several respiratory conditions in both adults and children (54), but robust evidence is still lacking

to support a causative role in the case of adult or pediatric asthma.

Indoor allergens from furry pets, molds, and house dust mites (HDM) also influence the quality of
indoor air. Sensitization to furry animals is detected in up to 15% of the population (55) with a
high degree of cross-reactivity among the different species. Moreover, HDM are the most
common triggers of airway allergy, as up to 50% of asthmatics are sensitized to them (56).
Recent data suggest that in children with wheezing episodes, sensitization to HDM is associated
with greater bronchial inflammation and reduced lung function (57). Importantly, indoor allergens
induce more severe phenotypes of airway allergy than outdoor seasonal allergens (58-60).
Additionally, dampness is present in 10-15% of households, which can lead to mold or cockroach
colonization and subsequent allergic sensitization of the residents (61, 62). Beyond allergic
mechanisms, molds can promote inflammation of the upper and lower airways through several

metabolites like glucans or mycotoxins (63).

In addition to residential environments, indoor air quality in non-residential buildings (e.g. schools)
plays an important role in respiratory health (64-66). The Schools Indoor Pollution and Health:
Observatory Network in Europe (SINPHONIE) project, funded by the European Parliament,
assessed indoor air exposure in schools in 23 countries (67). The study found that PM, 5, some
VOCs (e.g. formaldehyde), radon, and allergens (especially molds) were commonly present (67).
Moreover, the Health Effects of School Environment (HESE) project (68) reported that 78% and
66% of children attending schools in Norway, Sweden, Denmark, France and Italy were exposed
to PMy, over 50ug/m? and to carbon dioxide (CO,) over 1000ppm, respectively. Another study
from the HESE project investigating the burden of fungi showed that the number of viable molds
in indoor air exceeded the maximum standard of 300cfu/m? in 33% of participating classrooms
(69). Very recently, these findings were confirmed in a study conducted in Southern Italy (70).
Importantly, this work observed that the concentration of elements from industrial emission was
significantly higher in schools located in urban/industrial areas as compared to rural areas (70),

implying that the penetration of outdoor pollutants further deteriorates the quality of indoor air.
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Table 1 summarizes the main effects of indoor pollution on AR and asthma.
Outdoor air pollution
a. Epidemiological evidence

Various epidemiological studies have demonstrated that long-term exposure to outdoor air
pollution (e.g. from traffic, industry, etc.) negatively affects respiratory health (71). A multicenter
study in five European birth cohorts (conducted as part of the European Study of Cohorts for Air
Pollution Effects, ESCAPE project) showed that exposure to PM and nitrogen oxides was
associated with poor lung function in school-age children (72). An early analysis of the ESCAPE
project did not find a statistically significant association between air pollution and the development
of asthma up to the school age (73). However, the re-analysis of these cohorts when the study
individuals were 14-16 year-old revealed associations between asthma incidence and NO, (OR
1.13, 95% CI: 1.02-1.25) and PM,5 (OR 1.29, 95% CI: 1.00-1.66) exposure. The associations
were particularly strong in the case of asthma diagnosed after the school age (74). A recent
meta-analysis of observational epidemiological studies published between 1999 and 2016
showed an association between traffic pollution and childhood asthma, with an OR ranging from
1.03 (95%CI:1.01-1.05) to 1.08 (95%CI: 1.03-1.14) depending on the type of pollutant analyzed
(75). Other large studies have also reported similar links between outdoor pollution and childhood
asthma (76, 77).

The ESCAPE project also analyzed five European adult cohorts (overall ~7500 participants) and
found that higher exposure to nitrogen monoxide (NO), NO, and PM;, from traffic was associated
with decreased lung function during adulthood (78). A very recent study within the ESCAPE
framework also found associations between decreased lung function and PM,5 exposure in
adults, with stronger effects observed for males (79). Another work within the ESCAPE project
found suggestive (but non-significant) evidence that long-term exposure to NO,, PM;o, and PM, 5
was associated with higher asthma incidence in adults (80). Interestingly, a recent analysis of
data from three large European cohort studies (with >600000 participants) showed that long-term
PM.o exposure was significantly associated with a 12.8% increase in lifetime asthma prevalence
(81). Furthermore, several studies have confirmed the association between outdoor pollution and
asthma exacerbations (82). Notably, a study from the Improving Knowledge and Communication
for Decision Making on Air Pollution and Health in Europe (APHEKOM) network, which analyzed
data from 10 European cities, showed that air pollution was accountable for up to 15% of all

asthma exacerbations (83).
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Regarding rhinitis, the urban dwelling has been related to a higher risk of AR as compared to the
sub-urban dwelling (84). Nevertheless, studies assessing the effect of air pollution on rhinitis
onset have yielded inconsistent results in both children (85) and (86) adults, which contrasts with

the large body of evidence relating air pollution to asthma.

Besides outdoor pollution from traffic, industry, energy production, heating, etc., emissions from
livestock farming include specific pollutants such as organic dust, toxins from microorganisms,
and gases like ammonia or methane (87). These agents also influence the respiratory system
either directly or through their role as precursors of other polluting particles. A large-scale
population-based study including ~2000 Dutch rural dwellers recently showed that increased
levels of livestock-related air pollution were associated with decreased lung function, even in non-

farming individuals (87).
b. Environmental-human interactions

The respiratory epithelium is composed of a pseudostratified layer of ciliated airway epithelial
cells (AECs) intermingled with mucus-producing goblet cells (88, 89). A recent study compared
the response of primary murine and human AECs to either traffic-derived or ambient (collected in
Sidney metropolitan area) PM, s and PM;, (90). Noteworthy, ambient PM,, induced a stronger
secretion of IL-6 and CXCL1 by AECs, an effect attributed to the higher content of iron-rich
particles from geological origin, as compared to traffic-derived PM;o. Importantly, PM;,-mediated
secretion of cytokines is dependent on the nucleotide-binding domain, leucine-rich repeat protein
3 (NLRP-3), a component of the inflammasome (91). The PMj,-mediated activation of the
inflammasome induced profound innate immune effects in mouse models of allergic asthma, but
was dispensable for PMqo-facilitated allergen sensitization (91). This finding indicates that PM,
activates distinct inflammatory pathways, which might independently contribute to asthma

pathogenesis.

Primary AECs from patients with severe asthma released more cytokines when exposed to PM or
diesel exhaust (DE) compared to those from healthy subjects (92) or patients with less severe
asthma phenotypes (89). This observation might explain how pollutant-induced epithelial insults
(93, 94) can trigger asthma exacerbations (83). Nevertheless, segmental allergen challenges in
atopic subjects exposed to either DE or filtered air did not induce a different release of
inflammatory mediators (89, 95). This finding suggests that the adjuvant effect might rely on
repetitive exposures. A recent mouse study (96) compared the effects of a two-hour exposure to

DE or to the allegedly less toxic biodiesel (BD). Both exhaust products induced cardiovascular
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and pulmonary inflammation, while only BD generated an increase of neutrophils in

bronchoalveolar lavage.

The environment acts on the genome inducing epigenetic changes, which function as important
effectors of external insults. Epigenetic modification induces alterations in the DNA structure
leading to changes in gene expression and inducing downstream disease (97). Two recent
studies analyzing pediatric populations from New York City showed a relationship between black
carbon exposure and relevant epigenetic changes in immune genes (98, 99). In a study analyzing
samples from the oral mucosa, individuals with higher black carbon-exposure had lower DNA
methylation levels in the IL-4 gene, possibly leading to higher expression (99). This effect was

even more significant in IgE-sensitized children (99) [figure 2].

Importantly, most experimental studies apply pollutants in water solutions. This approach
specifically selects for water-soluble components and modifies their chemical properties and
interaction with AECs. This fact partly hampers the translation of the results from experimental
settings to naturally occurring diseases. Moreover, in many studies, AECs are cultured
submerged and in monolayers, which does not reflect their natural physiology. Therefore,
experimental designs using primary AECs grown at the air-liquid interface are required to

investigate the real effect of PM or DE exposures on AEC responses in health and disease.
C. Environment-environment interactions

Some air pollutants do not only have a direct effect on the respiratory system but also interact
with plants and fungi to enhance the production and allergenicity of pollen, like ragweed or
cypress (100, 101), and of fungal spores (102). For example, ragweed in an urban area with high
CO, concentrations grew faster and flowered earlier and more intensely, which leaded to the
production of more pollen, as compared to ragweed grown in rural areas (103). Recently it has
been shown that pollutants can also promote the release of allergens via direct cell damage
(104). Pollen grains and fungal spores contain several bioactive compounds, which may exert
pro-inflammatory and pro-allergic effects (105, 106). Recent data suggest that several pollen-
associated lipid mediators (PALMs) activate Th2 cells to promote IgE synthesis in vitro (107).
Importantly, the pollen collected next to roads with heavy traffic released higher amounts of
PALMs (104). Similarly, a study carried out in Germany showed that birch trees exposed to
higher concentrations of ozone produced more birch allergen (Bet v1) and PALMs per pollen
grain than ozone-free trees (108). Importantly, the skin prick test performed with an allergenic
extract obtained from the highly exposed trees induced a significantly larger wheal diameter in

birch pollen-AR patients as compared to the less exposed trees (108) [figure 3].
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Pollutants can also induce the oxidation or nitration of allergens, leading to changes in their
conformation or stability. These chemical modifications enhance their immunogenicity and affect
their interaction with receptors on immune cells (11, 104). Several studies have shown that
nitrated fungal spores (109) and nitrated pollen from birch, ragweed, and hornbeam (108, 110-
112) have increased T cell-stimulatory and IgE-inducing capacity. Therefore, it is tempting to

speculate that nitration by air pollutants plays a role in the IgE-sensitization to allergens (105).

However, the clinical significance of these phenomena remains unclear (113). Epidemiological
studies are largely limited by their inability to quantify individual exposure to air pollutants and
allergens on a population scale. A French study including 36,397 AR patients found no effect of
air pollution on the association between airborne pollen concentrations and rhinitis severity (114).
Conversely, a study in eleven Canadian cities showed an interaction effect of air pollution on the
risk of asthma-related hospitalizations and the burden of pollen grains and fungal spores (115).
These findings have been recently confirmed in a study conducted in Belgium, which reported a
synergistic effect of ozone, PM,, and pollen exposure on the risk of asthma-related

hospitalizations (116).

Table 2 summarizes the main effects of outdoor pollution on AR and asthma.

Climate change
a. Climate change and aeroallergens

Air pollution and climate change are closely interlinked. Nowadays, the vast majority of global
energy is derived from fossil fuels whose burning generates huge amounts of CO,, methane,
black carbon, nitrogen oxides, and sulfate aerosols, etc. (117). Some of these pollutants (e.g.,
CO,) are naturally occurring greenhouse gases, which persist for long periods in the atmosphere.
Other agents (e.g. methane or black carbon) have shorter lifetimes but also contribute to climate
change (118). Greenhouse gases help keep the earth warm by absorbing the sun’s energy and
by redirecting it back to the earth’s surface (117). However, an overabundance of greenhouse
gases traps an excessive amount of heat in the atmosphere and ultimately accounts for global

warming (119).

Global warming alters local vegetation patterns and speeds up the growth rate and phenology of
plants, leading to increases in airborne pollen concentrations (100, 120) and changes in the

geographical spread of plants (121, 122). In this regard, climate change was associated with
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increased duration of the ragweed pollen season in different studies conducted in North America
and Europe (123-125). Changes in atmospheric humidity and precipitation also very likely affect
the growth and distribution of fungi, yet this aspect remains uninvestigated (126). The interactions
of these changes with the photoperiod will modify the migration pattern of some plants and fungi
(127). Unlike air pollution (108), global warming has not been related to date to enhanced

allergenicity of plants (100).

The effects of climate change on allergenic plants and fungi (128-130) are likely to continue in the
future. A long-term prediction of these changes is challenging given the many variable factors,
although computation efforts are currently ongoing (121, 131, 132). A process-based model of
weed growth, plant competition, and population dynamics predicted that ragweed might spread to
Northern European countries (121). Ragweed is a native species in North America, but is now
rapidly invading several European areas (121). The colonization of geographical areas by new
species will likely induce respiratory symptoms by both de novo sensitizations and cross-reactivity

with pre-existing species (133, 134).
b. Climate change as an inducer of respiratory and allergic diseases

There is no doubt that climate change causes or exacerbates respiratory diseases (135-139). The
most important effects of climate change on respiratory health are described below [also

summarized in in table 3J:

1. The higher temperatures and increased frequency of heat waves amplify the exacerbation
rate, morbidity and mortality of respiratory diseases (140-143). The extent of this association
usually parallels the pollution levels of local air (144).

2. The seasonality and severity of AR and asthma are affected by the growth patterns of
allergenic species (145-148), which can act synergistically with air pollutants (149). Global
warming might also alter the species dominating distinct ecological niches (150).

3. Climate change is expected to alter the pattern of respiratory tract infections. (151, 152).
Intensive rain and flooding induce dampness and mold proliferation in affected households
(61, 153), thus influencing the quality of indoor air.

5. Extreme climate events are the cause of specific phenomena like thunderstorm-related
asthma episodes (153, 154). During these episodes, a large number of patients experience
asthmatic symptoms during the initial 20-30 minutes of a large-scale thunderstorm, provided it
occurs during the allergen season and induces a cold outflow (155). This phenomenon arises
from a sudden release of massive amounts of aeroallergens (154), and a causative role for

pollen allergy is suspected (156). Numerous case studies of thunderstorm-related asthma
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have been documented (61), the largest of which took place in Melbourne (Australia) on 21st
November 2016 (~4,000 patients presented at hospitals with respiratory symptoms) (156,
157).

Besides the direct effects of global warming on the airways, the altered levels of aeroallergens
account from many of the effects of climate change on respiratory health. As climate change will
also influence the amount and type of pollutants in the air, which themselves interact with
aeroallergens (138), the individual and/or combined effects of these environmental parameters on

respiratory health are very difficult to predict.

Interventions to modify air pollution and climate change
a. Policy changes

Policy changes are the most effective measures to decrease pollution (158, 159). While actions of
individual citizens can mitigate air pollution only to a small extent (160), larger lifestyle changes at
the population level mainly result from policy interventions. For example, many countries have
implemented smoke-free legislation to protect the population, particularly children in public
places. A recent meta-analysis of 35 pediatric studies showed that enforcement of smoke-free
policies was significantly associated with a 9.8% (95%CI: 3%-16%) and 18.5% (95%CI: 4.2%-
32.8%) reduction of hospital admissions due to asthma attacks and lower respiratory tract
infections, respectively (13). These associations tended to be stronger in regions with more
comprehensive smoke-free laws, indicating that stringent smoke-free policies are necessary to

gain maximum health benefits.

The replacement of fossil fuels by renewable energy sources and commitment to a complete
phase-out of coal power by the industry represent necessary milestones in the roadmap for a
more environmentally-friendly economy (161, 162). Over the past decade, the implementation of
the European Union (EU) environmental policy framework contributed substantially to decreasing
the emissions of many air pollutants and improving air quality across Europe (163). The EU
recently released an updated version of the environmental performance standards for large
combustion plants, which set stricter emission ranges for NO, NO,, sulfur dioxide, PM and
mercury from power plants (164). A recent National Emission Ceiling Directive was also released
as a measure to reduce emissions from different sectors (165). Nevertheless, a recent report
from the European Economic Area showed that a large proportion of European citizens and

ecosystems are still exposed to concentrations of air pollutants exceeding the legal limit values of
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the EU and the guideline values of the WHO [Table 4] (2). Renewable energy sources currently
account for 24% of total electricity generated (166), illustrating the long way to go before fossil
fuels can be replaced. Government investment in clean energy should come together with

policies incenting suppliers into a timely transition out of existing fossil-based infrastructure (166).

At a local level, greenhouse-gas emissions can be reduced by shifting from private motorized
transport to more sustainable modalities, such as public transport, cycling and walking. There is
evidence that having good cycling infrastructure integrated with public transport, training of both
cyclists and motorists, and making driving costly can promote cycling (166). Local authorities
could also incentivize the population to shift to sustainable electric vehicles by introducing
ownership tax exemptions and additional advantages such as waivers on fees (e.g. plug-in
charging station or parking spots). Studies evaluating the effect of nearby green areas on
respiratory health have yielded inconsistent results (167), possibly due to the complex
interactions between global warming, vegetation and air pollution. Recent studies using the
methodology recommended by the Coordination of Information on the Environment (CORINE)
program have yielded conflicting results, indicating either a beneficial impact of greenness on
general health (168), or an increased risk of wheezing, asthma and AR in children exposed to
green spaces, especially coniferous forests (169). Until future studies shed more light on this
issue, it seems reasonable that city development plans include green spaces with diverse and

non-allergenic species (170-171).

The European Academy of Allergy and Clinical Immunology (EAACI)/European Federation for
Allergy and Airways Diseases Patients’ Associations (EFA) Interest Group on Allergy and Asthma
at the European Parliament recently launched a call to increase the awareness about asthma and

promote the legal changes required to decrease the burden of air pollution (172, 173).
b. Lifestyle adjustments

Various lifestyle adjustments can mitigate air pollution and climate change and indirectly
decrease the onset and progression of respiratory diseases. The avoidance of individual
motorized transportation constitutes a simple and basic approach. Exercising outdoors is also
recommended, as its benefits are expected to exceed the negative impacts of exposure to
outdoor allergens and pollutants, at least in most European cities (174, 175). However, limiting
the time spent outdoors during the pollen season (for pollen-allergic patients) (176) and during
high traffic hours or warm days is a reasonable approach. Air quality alerts, pollen calendars, and
allergy diaries, among other mobile health tools, can help plan outdoor activities, and control and

monitor symptoms (177, 178). Besides mobility, livestock to provide meat for human consumption
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is among the main causes of CO, production. Therefore, reduction of meat consumption, together
with limiting trips made by air traffic, and increasing the use of recyclable materials, are also

meaningful measures to reduce CO, emissions.

Adequate and regular ventilation of the living spaces and the filtration of indoor air can prevent
mold growth and reduce indoor NO, concentrations. Moreover, preventing dampness and limiting
the number of carpets can decrease the burden of HDMs and molds (179). Nevertheless, in
areas with a high burden of HDMs, these strategies are often insufficient, as emphasized by
international guidelines and consensus documents on AR and asthma (180-182). Moreover,
individuals with an atopic predisposition should carefully consider the choice of keeping a pet
(179, 183). In this regard, a large epidemiological survey identified exposure to cat during the first

year of life as an independent risk factor for AR and asthma presence during school age (184).
Conclusion

Given the explosive global rise in urbanization, industrial production, aviation, road traffic, etc.,
the preservation of good air quality will become increasingly challenging. This narrative review
summarizes the current literature about the potential effects of air pollution and climate change on
AR and asthma. Although a formal meta-analysis was outside the scope of this review, and there
were several difficulties for direct comparisons of the studies due to methodological differences,

several conclusions could be made.

1. The evidence relating passive smoking and exposure to traffic-related pollution (including
NO, and PM; ;) to childhood asthma is currently robust, whereas the link with exposure to
smoke from biomass and deleterious VOCs seems weaker.

2. Although the relationship between air pollution and adult-onset asthma has been
uncertain for years, recent data suggest that passive smoking and traffic pollutants might
be related to asthma development in adults.

3. The relationship between air pollution and AR onset seems less conclusive as compared
to asthma in both children and adults.

4. The mechanisms for how pollutants induce respiratory disease are varied. Recent
evidence indicates that epigenetic changes in the respiratory epithelium and the alteration
of airway microbiota might account for some of the effects of PM, 5 and tobacco smoke,
respectively.

5. Exposure to indoor and outdoor allergens is a well-establish risk factor for the
development of AR and asthma in both adults and children, with indoor allergens inducing

more severe phenotypes of airway allergy.
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6. The capacity of outdoor pollutants to increase the allergenicity and immunogenicity of
aeroallergens has been shown in vitro, but the clinical implications of these phenomena
require further analysis.

7. Unlike pollutants, climate change affects pollen grains and fungal spores by increasing
their availability rather than altering their chemical structure. Some of the deleterious
effects of climate change on respiratory health are likely to arise from this increased

availability.

As a key message, we can conclude that the detrimental effects of air pollution and climate
change on human health are greatly preventable through timely implementation of adequate
legislations. Governments need to adopt effective and evidence-based regulations, as political
interventions are the only way to achieve large improvements at the population level. All these
efforts are crucial steps in the pathway to clean air, and ultimately, to the prevention and

reduction of AR, asthma, and other chronic respiratory conditions.

References

1. World Health Organisation Report. 9 out of 10 people worldwide breathe polluted air, but
more countries are taking action. Available from: http://www.who.int/news-room/detail/02-05-
2018-9-out-of-10-people-worldwide-breathe-polluted-air-but-more-countries-are-taking-action.
(Accessed: July 2018).

2. Air quality in Europe — 2018 report https://www.eea.europa.eu/publications/air-quality-in-
europe-2018.

3. 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.

4. Greenland S. Concepts and pitfalls in measuring and interpreting attributable fractions,
prevented fractions, and causation probabilities. Ann Epidemiol 2015;25(3):155-161.

5. 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.

6. Rondon C, Bogas G, Barrionuevo E, Blanca M, Torres MJ, Campo P. Nonallergic rhinitis
and lower airway disease. Allergy 2017;72(1):24-34.

7. 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.

This article is protected by copyright. All rights reserved


http://www.who.int/news-room/detail/02-05-2018-9-out-of-10-people-worldwide-breathe-polluted-air-but-more-countries-are-taking-action
http://www.who.int/news-room/detail/02-05-2018-9-out-of-10-people-worldwide-breathe-polluted-air-but-more-countries-are-taking-action
http://www.eea.europa.eu/publications/air-quality-in-europe-2018
http://www.eea.europa.eu/publications/air-quality-in-europe-2018

8. 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.

9. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A, et al. Allergic
Rhinitis and its Impact on Asthma (ARIA) 2008 update (in collaboration with the World Health
Organization, GA(2)LEN and AllerGen). Allergy 2008;63 Suppl 86:8-160.

10. 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.

11. Cecchi L, D'Amato G, Annesi-Maesano |. External exposome and allergic respiratory and
skin diseases. J Allergy Clin Immunol 2018;141(3):846-857.

12. Abramson MJ, Guo Y. Indoor Endotoxin Exposure and Ambient Air Pollutants Interact on
Asthma Outcomes. Am J Respir Crit Care Med 2019;7(10):201904-200842ED.

13. Faber T, Kumar A, Mackenbach JP, Millett C, Basu S, Sheikh A, et al. Effect of tobacco
control policies on perinatal and child health: a systematic review and meta-analysis. Lancet
Public Health 2017;2(9):e420-e437.

14. 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.

15. 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.

16. 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.

17. Hulin M, Simoni M, Viegi G, Annesi-Maesano |. Respiratory health and indoor air
pollutants based on quantitative exposure assessments. Eur Respir J 2012;40(4):1033-1045.

18. Drago G, Perrino C, Canepari S, Ruggieri S, L'Abbate L, Longo V, et al. Relationship
between domestic smoking and metals and rare earth elements concentration in indoor PM2.5.
Environ Res 2018;165:71-80.

19. 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.

20. Vardavas Cl, 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.

This article is protected by copyright. All rights reserved



21. 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.

22. 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
Jul;73(7):1558-1561. doi: 10.1111/all.13463. Epub 2018 May 8.

23. 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.

24. Thacher JD, Gehring U, Gruzieva O, Standl M, Pershagen G, Bauer CP, et al. Maternal
Smoking during Pregnancy and Early Childhood and Development of Asthma and
Rhinoconjunctivitis - a MeDALL Project. Environ Health Perspect 2018;126(4):047005.

25. 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).

26. Hwang SH, Hwang JH, Moon JS, Lee DH. Environmental tobacco smoke and children's
health. Korean J Pediatr 2012;55(2):35-41.

27. Accordini S, Janson C, Svanes C, Jarvis D. The role of smoking in allergy and asthma:
lessons from the ECRHS. Curr Allergy Asthma Rep 2012;12(3):185-191.

28. Coogan PF, Castro-Webb N, Yu J, O'Connor GT, Palmer JR, Rosenberg L. Active and
passive smoking and the incidence of asthma in the Black Women's Health Study. Am J Respir
Crit Care Med 2015;191(2):168-176.

29. Skaaby T, Taylor AE, Jacobsen RK, Paternoster L, Thuesen BH, Ahluwalia TS, et al.
Investigating the causal effect of smoking on hay fever and asthma: a Mendelian randomization
meta-analysis in the CARTA consortium. Sci Rep 2017;7(1):2224.

30. Flexeder C, Zock JP, Jarvis D, Verlato G, Olivieri M, Benke G, et al. Second-hand smoke
exposure in adulthood and lower respiratory health during 20 year follow up in the European
Community Respiratory Health Survey. Respir Res 2019;20(1):019-0996.

31. Simonyte Sjodin K, Hammarstrom ML, Ryden P, Sjodin A, Hernell O, Engstrand L, et al.
Temporal and long-term gut microbiota variation in allergic disease: A prospective study from
infancy to school age. Allergy 2019;74(1):176-185.

32. Sbihi H, Boutin RC, Cutler C, Suen M, Finlay BB, Turvey SE. Thinking bigger: How early-
life environmental exposures shape the gut microbiome and influence the development of asthma
and allergic disease. Allergy 2019;9(10):13812.

This article is protected by copyright. All rights reserved



33. 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.

34. Marsland BJ, Gollwitzer ES. Host-microorganism interactions in lung diseases. Nat Rev
Immunol 2014;14(12):827-835.

35. 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.

36. 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.

37. Sapkota AR, Berger S, Vogel TM. Human pathogens abundant in the bacterial
metagenome of cigarettes. Environ Health Perspect 2010;118(3):351-356.

38. Jaspers |. 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.

39. 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.

40. 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.

41. Lee JJ, Kim SH, Lee MJ, Kim BK, Song WJ, Park HW, et al. Different Upper Airway
Microbiome and Their Functional Genes Associated with Asthma in Young Adults and Elderly
Individuals. Allergy 2018.

42. Lunjani N, Satitsuksanoa P, Lukasik Z, Sokolowska M, Eiwegger T, O'Mahony L. Recent
Developments and Highlights in Mechanisms of Allergic Diseases: Microbiome. Allergy 2018.

43. Simpson JL, Daly J, Baines KJ, Yang IA, Upham JW, Reynolds PN, et al. Airway
dysbiosis: Haemophilus influenzae and Tropheryma in poorly controlled asthma. Eur Respir J
2016;47(3):792-800.

44. Kim BS, Lee E, Lee MJ, Kang MJ, Yoon J, Cho HJ, et al. Different functional genes of
upper airway microbiome associated with natural course of childhood asthma. Allergy
2018;73(3):644-652.

45, Dickson RP, Erb-Downward JR, Falkowski NR, Hunter EM, Ashley SL, Huffnagle GB. The
Lung Microbiota of Healthy Mice Are Highly Variable, Cluster by Environment, and Reflect
Variation in Baseline Lung Innate Immunity. Am J Respir Crit Care Med 2018;198(4):497-508.

This article is protected by copyright. All rights reserved



46. 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.
47. Logue JM, Klepeis NE, Lobscheid AB, Singer BC. Pollutant exposures from natural gas
cooking burners: a simulation-based assessment for Southern California. Environ Health
Perspect 2014;122(1):43-50.
48. Jarvis DJ AG, Heroux ME, Rapp R, Kelly FK. Nitrogen dioxide. In: WHO Guidelines for
Indoor Air Quality: Selected Pollutants. Geneva: World Health Organization; 2010. 5. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK138707/. 2010.
49. Franchi M eaThaidiEBEFoAaADPA. Towards healthy air in dwellings in Europe. Brussels:
European Federation of Allergy and Airways Diseases Patients Associations. 2004.
50. Gillespie-Bennett J, Pierse N, Wickens K, Crane J, Howden-Chapman P. The respiratory
health effects of nitrogen dioxide in children with asthma. Eur Respir J 2011;38(2):303-309.
51. United States Environmental Protection Agency. An Introduction to Indoor Air Quality
(IAQ). Volatile Organic Compounds (VOCs). www.epa.gov/iag/voc.html Date last updated: July 9,
2012.
52. Nurmatov UB, Tagiyeva N, Semple S, Devereux G, Sheikh A. Volatile organic compounds
and risk of asthma and allergy: a systematic review. Eur Respir Rev 2015;24(135):92-101.
53.

http://www.euro.who.int/__data/assets/pdf file/0009/271836/ResidentialHeatingWoodCoal
Healthimpacts.pdf.
54, Kurmi OP, Lam KB, Ayres JG. Indoor air pollution and the lung in low- and medium-
income countries. Eur Respir J 2012;40(1):239-254.
55. Brunekreef B, Von Mutius E, Wong G, Odhiambo J, Garcia-Marcos L, Foliaki S. Exposure
to cats and dogs, and symptoms of asthma, rhinoconjunctivitis, and eczema. Epidemiology
2012;23(5):742-750.
56. 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.
57. 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.
58. Platts-Mills TA. The allergy epidemics: 1870-2010. J Allergy Clin Immunol 2015;136(1):3-
13.

This article is protected by copyright. All rights reserved


http://www.ncbi.nlm.nih.gov/books/NBK138707/
http://www.epa.gov/iaq/voc.html
http://www.euro.who.int/__data/assets/pdf_file/0009/271836/ResidentialHeatingWoodCoalHealthImpacts.pdf
http://www.euro.who.int/__data/assets/pdf_file/0009/271836/ResidentialHeatingWoodCoalHealthImpacts.pdf

59. Cazzoletti L, Marcon A, Corsico A, Janson C, Jarvis D, Pin |, 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.

60. 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.

61. Katelaris CH, Beggs PJ. Climate change: allergens and allergic diseases. Intern Med J
2018;48(2):129-134.

62. Thacher JD, Gruzieva O, Pershagen G, Melen E, Lorentzen JC, Kull |, et al. Mold and
dampness exposure and allergic outcomes from birth to adolescence: data from the BAMSE
cohort. Allergy 2017;72(6):967-974.

63. Flamant-Hulin M, Annesi-Maesano |, Caillaud D. Relationships between molds and
asthma suggesting non-allergic mechanisms. A rural-urban comparison. Pediatr Allergy Immunol
2013;24(4):345-351.

64. Takaoka M, Suzuki K, Norback D. Current asthma, respiratory symptoms and airway
infections among students in relation to the school and home environment in Japan. J Asthma
2017;54(6):652-661.

65. Gaffin JM, Hauptman M, Petty CR, Sheehan WJ, Lai PS, Wolfson JM, et al. Nitrogen
dioxide exposure in school classrooms of inner-city children with asthma. J Allergy Clin Immunol
2018;141(6):2249-2255.2242.

66. Sander |, Lotz A, Neumann HD, Czibor C, Flagge A, Zahradnik E, et al. Indoor allergen
levels in settled airborne dust are higher in day-care centers than at home. Allergy
2018;73(6):1263-1275.

67. Csobod E A-MI, Carrer P, et al. . SINPHONIE — Schools Indoor Pollution and Health
Observatory Network in Europe - Final Report. Publications Office of the European Union: 2014
http://publications.jrc.ec.europa.eu/repository/handle/JRC91160 (Accessed 8/6/2018). 2014.

68. Simoni M, Annesi-Maesano |, 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.

69. Simoni M, Cai GH, Norback D, Annesi-Maesano |, 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.

70. 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.

This article is protected by copyright. All rights reserved


http://publications.jrc.ec.europa.eu/repository/handle/JRC91160

71. Thurston GD, Kipen H, Annesi-Maesano |, 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).

72. 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.

73. Molter A, Simpson A, Berdel D, Brunekreef B, Custovic A, Cyrys J, et al. A multicentre
study of air pollution exposure and childhood asthma prevalence: the ESCAPE project. Eur
Respir J 2015;45(3):610-624.

74. Gehring U, Wijga AH, Hoek G, Bellander T, Berdel D, Bruske |, 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.

75. 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.

76. Hsu HH, Chiu YH, Coull BA, Kloog |, 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.

77. 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.

78. 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.

79. Doiron D, de Hoogh K, Probst-Hensch N, Fortier |, 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):02140-02018.

80. 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.

81. Cai Y, Zijlema WL, Doiron D, Blangiardo M, Burton PR, Fortier |, et al. Ambient air
pollution, traffic noise and adult asthma prevalence: a BioSHaRE approach. Eur Respir J
2017;49(1).

82. Tanaka H, Nakatani E, Fukutomi Y, Sekiya K, Kaneda H, likura M, et al. Identification of
patterns of factors preceding severe or life-threatening asthma exacerbations in a nationwide
study. Allergy 2018;73(5):1110-1118.

This article is protected by copyright. All rights reserved



83. Perez L, Declercq C, Iniguez C, Aguilera |, Badaloni C, Ballester F, et al. Chronic burden
of near-roadway traffic pollution in 10 European cities (APHEKOM network). Eur Respir J
2013;42(3):594-605.

84. 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.

85. 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.

86. 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.

87. Borlee F, Yzermans CJ, Aalders B, Rooijackers J, Krop E, Maassen CBM, et al. Air
Pollution from Livestock Farms Is Associated with Airway Obstruction in Neighboring Residents.
Am J Respir Crit Care Med 2017;196(9):1152-1161.

88. Whitsett JA, Alenghat T. Respiratory epithelial cells orchestrate pulmonary innate
immunity. Nat Immunol 2015;16(1):27-35.

89. 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.

90. 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.

91. 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 | 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.

92. 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.

93. 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.

94. 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.

This article is protected by copyright. All rights reserved



95. Rider CF, Yamamoto M, Gunther OP, Hirota JA, Singh A, Tebbutt SJ, et al. Controlled
diesel exhaust and allergen coexposure modulates microRNA and gene expression in humans:
Effects on inflammatory lung markers. J Allergy Clin Immunol 2016;138(6):1690-1700.

96. de Brito JM, Mauad T, Cavalheiro GF, Yoshizaki K, de Andre PA, Lichtenfels A, et al.
Acute exposure to diesel and sewage biodiesel exhaust causes pulmonary and systemic
inflammation in mice. Sci Total Environ 2018;628-629:1223-1233.

97. Portela A, Esteller M. Epigenetic modifications and human disease. Nat Biotechnol
2010;28(10):1057-1068.

98. 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.

99. 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.

100. 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.

101. 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.

102. 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.

103. 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.

104. 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.

105. Garcia-Mozo H. Poaceae pollen as the leading aeroallergen worldwide: A review. Allergy
2017;72(12):1849-1858.

106. Carsin A, Romain T, Ranque S, Reynaud-Gaubert M, Dubus JC, Mege JL, et al.
Aspergillus fumigatus in cystic fibrosis: An update on immune interactions and molecular

diagnostics in allergic bronchopulmonary aspergillosis. Allergy 2017;72(11):1632-1642.

This article is protected by copyright. All rights reserved



107. Gilles-Stein S, Beck |, Chaker A, Bas M, Mclintyre M, Cifuentes L, et al. Pollen derived low
molecular compounds enhance the human allergen specific immune response in vivo. Clin Exp
Allergy 2016;46(10):1355-1365.

108. 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.

109. Lang-Yona N, Shuster-Meiseles T, Mazar Y, Yarden O, Rudich Y. Impact of urban air
pollution on the allergenicity of Aspergillus fumigatus conidia: Outdoor exposure study supported
by laboratory experiments. Sci Total Environ 2016;541:365-371.

110. Cuinica LG, Abreu |, Esteves da Silva J. Effect of air pollutant NO(2) on Betula pendula,
Ostrya carpinifolia and Carpinus betulus pollen fertility and human allergenicity. Environ Pollut
2014;186:50-55.

111. Zhao F, Elkelish A, Durner J, Lindermayr C, Winkler JB, Rusmall io RF, et al. Common
ragweed (Ambrosia artemisiifolia L.): allergenicity and molecular characterization of pollen after
plant exposure to elevated NO2. Plant Cell Environ 2016;39(1):147-164.

112. Ackaert C, Kofler S, Horejs-Hoeck J, Zulehner N, Asam C, von Grafenstein S, et al. The
impact of nitration on the structure and immunogenicity of the major birch pollen allergen Bet v
1.0101. PLoS One 2014;9(8):e104520.

113. Baldacci S, Maio S, Cerrai S, Sarno G, Baiz N, Simoni M, et al. Allergy and asthma:
Effects of the exposure to particulate matter and biological allergens. Respir Med
2015;109(9):1089-1104.

114. Annesi-Maesano |, 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.

115. 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.

116. 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):018-0378.

117. Seinfeld JH PSneHNJW. Atmospheric chemistry and physics. 2nd ed. Hoboken (NJ):
John Wiley. 2006.

118. Council NR. America's Climate Choices: Panel on Advancing the Science of Climate
Change; ; 2010. Report No.: ISBN 0-309-14588-0.

119. D'Amato G, Cecchi L, D'Amato M, Annesi-Maesano |. Climate change and respiratory
diseases. Eur Respir Rev 2014;23(132):161-169.

This article is protected by copyright. All rights reserved



120. Galan C, Alcazar P, Oteros J, Garcia-Mozo H, Aira MJ, Belmonte J, et al. Airborne pollen
trends in the Iberian Peninsula. Sci Total Environ 2016;550:53-59.

121. 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.

122. 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.

123. 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.

124. 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.

125. 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.

126. Barbeau DN, Grimsley LF, White LE, EI-Dahr JM, Lichtveld M. Mold exposure and health
effects following hurricanes Katrina and Rita. Annu Rev Public Health 2010;31:165-178 161 p
following 178.

127. Way DA, Montgomery RA. Photoperiod constraints on tree phenology, performance and
migration in a warming world. Plant Cell Environ 2015;38(9):1725-1736.

128. Beggs PJ. Impacts of climate change on aeroallergens: past and future. Clin Exp Allergy
2004;34(10):1507-1513.

129. Shea KM, Truckner RT, Weber RW, Peden DB. Climate change and allergic disease. J
Allergy Clin Immunol 2008;122(3):443-453; quiz 454-445.

130. D'Amato G, Cecchi L. Effects of climate change on environmental factors in respiratory
allergic diseases. Clin Exp Allergy 2008;38(8):1264-1274.

131. Chapman DS, Haynes T, Beal S, Essl F, Bullock JM. Phenology predicts the native and
invasive range limits of common ragweed. Glob Chang Biol 2014;20(1):192-202.

132. Cunze S LM, Tackenberg O. Range expansion of Ambrosia artemisiifolia in Europe is
promoted by climate change. ISRN Ecol. 2013.

133. Siroux V, Ballardini N, Soler M, Lupinek C, Boudier A, Pin I, et al. The asthma-rhinitis
multimorbidity is associated with IgE polysensitization in adolescents and adults. Allergy
2018;73(7):1447-1458.

This article is protected by copyright. All rights reserved



134. Gao Z, Fu WY, Sun Y, Gao B, Wang HY, Liu M, et al. Artemisia pollen allergy in China:
Component-resolved diagnosis reveals allergic asthma patients have significant multiple allergen
sensitization. Allergy 2019;74(2):284-293.

135. Pinkerton KE, Rom WN, Akpinar-Elci M, Balmes JR, Bayram H, Brandli O, et al. An official
American Thoracic Society workshop report: Climate change and human health. Proc Am Thorac
Soc 2012;9(1):3-8.

136. Takaro TK, Knowlton K, Balmes JR. Climate change and respiratory health: current
evidence and knowledge gaps. Expert Rev Respir Med 2013;7(4):349-361.

137. D'Amato G, Cecchi L, D'Amato M, Liccardi G. Urban air pollution and climate change as
environmental risk factors of respiratory allergy: an update. J Investig Allergol Clin Immunol
2010;20(2):95-102; quiz following 102.

138. De Sario M, Katsouyanni K, Michelozzi P. Climate change, extreme weather events, air
pollution and respiratory health in Europe. Eur Respir J 2013;42(3):826-843.

139. D'Amato G, Holgate ST, Pawankar R, Ledford DK, Cecchi L, Al-Ahmad M, et al.
Meteorological conditions, climate change, new emerging factors, and asthma and related allergic
disorders. A statement of the World Allergy Organization. World Allergy Organ J 2015;8(1):25.
140. 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.

141. D'lppoliti 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.

142. Michelozzi P, Accetta G, De Sario M, D'lppoliti 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.

143. 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.

144. Analitis A, Michelozzi P, D'lppoliti 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.

145. North ML, Jones MJ, Maclsaac 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.

This article is protected by copyright. All rights reserved



146. 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):1851-18509.
147. 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.

148. Fuertes E, Butland BK, Ross Anderson H, Carlsten C, Strachan DP, Brauer M. Childhood
intermittent and persistent rhinitis prevalence and climate and vegetation: a global ecologic
analysis. Ann Allergy Asthma Immunol 2014;113(4):386-392.e389.

149. 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.

150. 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).

151. 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.

152. 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.

153. D'Amato G, Annesi-Maesano |, Cecchi L, D'Amato M. Latest news on relationship
between thunderstorms and respiratory allergy, severe asthma, and deaths for asthma: Allergy.
2019 Jan;74(1):9-11. doi: 10.1111/all.13616.

154. D'Amato G, Cecchi L, Annesi-Maesano |. A trans-disciplinary overview of case reports of
thunderstorm-related asthma outbreaks and relapse. Eur Respir Rev 2012;21(124):82-87.

155. Cockcroft DW. Epidemic thunderstorm asthma. Lancet Planet Health 2018;2(6):e236-
e237.

156. 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 2018.

157. 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]. Available from URL:
https://www.igem.vic.gov.au/sites/default/files/embridge cache/emshare/original/public/2017/07/d
9/afdfc180a/Reviewofresponsetothunderstormasthmaeventof2122NovemberPreliminaryReport.p
df.

158. Brunekreef B, Annesi-Maesano |, Ayres JG, Forastiere F, Forsberg B, Kunzli N, et al. Ten
principles for clean air. Eur Respir J 2012;39(3):525-528.

This article is protected by copyright. All rights reserved


http://www.igem.vic.gov.au/sites/default/files/embridge_cache/emshare/original/public/2017/07/d9/afdfc180a/Reviewofresponsetothunderstormasthmaeventof2122NovemberPreliminaryReport.pdf
http://www.igem.vic.gov.au/sites/default/files/embridge_cache/emshare/original/public/2017/07/d9/afdfc180a/Reviewofresponsetothunderstormasthmaeventof2122NovemberPreliminaryReport.pdf
http://www.igem.vic.gov.au/sites/default/files/embridge_cache/emshare/original/public/2017/07/d9/afdfc180a/Reviewofresponsetothunderstormasthmaeventof2122NovemberPreliminaryReport.pdf

159. Brunekreef B, Kunzli N, Pekkanen J, Annesi-Maesano |, Forsberg B, Sigsgaard T, et al.
Clean air in Europe: beyond the horizon? Eur Respir J 2015;45(1):7-10.

160. Crossman-Barnes CJ, Peel A, Fong-Soe-Khioe R, Sach T, Wilson A, Barton G. Economic
evidence for nonpharmacological asthma management interventions: A systematic review.
Allergy 2018;73(6):1182-1195.

161. European Union's (EU) 2050 Climate strategies and target: Low carbon Economy
https://ec.europa.eu/clima/policies/strategies/2050_en.

162. Lifting Europe’s Dark Cloud: how cutting coal saves lives.
https://www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/Lifting_Europe_s Dark_Cloud.pdf.

163. Annesi-Maesano I. The air of Europe: where are we going? Eur Respir Rev 2017;26(146).
164. European Commission. Best Available Techniques (BAT) Reference Document for Large
Combustion Plants. Industrial Emissions Directive 2010/75/EU (Integrated Pollution and
Prevention. Available from:
http://eippcb.jrc.ec.europa.eu/reference/BREF/LCP/JRC_107769 LCPBref 2017.pdf (Last
checked: February 2019).

165. European Parliament and European Council. National Emission Ceilings (NEC) directive.
Directive (EV) 2016/2284. Available from: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv:OJ.L_.2016.344.01.0001.01.ENG&toc=0J:L:2016:344:TOC (last
checked February 2019).

166. Watts N, Amann M, Arnell N, Ayeb-Karlsson S, Belesova K, Berry H, et al. The 2018
report of the Lancet Countdown on health and climate change: shaping the health of nations for
centuries to come. Lancet 2018;392(10163):2479-2514.

167. Lambert KA, Bowatte G, Tham R, Lodge C, Prendergast L, Heinrich J, et al. Residential
greenness and allergic respiratory diseases in children and adolescents - A systematic review
and meta-analysis. Environ Res 2017;159:212-221.

168. Cilluffo G, Ferrante G, Fasola S, Montalbano L, Malizia V, Piscini A, et al. Associations of
greenness, greyness and air pollution exposure with children's health: a cross-sectional study in
Southern ltaly. Environ Health 2018;17(1):018-0430.

169. Parmes E, Pesce G, Sabel CE, Baldacci S, Bono R, Brescianini S, et al. Influence of
residential land cover on childhood allergic and respiratory symptoms and diseases: Evidence
from 9 European cohorts. Environ Res. 2019:108953. [Epub ahead of print]

170. Abramson SL. Reducing Environmental Allergic Triggers: Policy Issues. J Allergy Clin
Immunol Pract 2018;6(1):32-35.

This article is protected by copyright. All rights reserved


http://www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/Lifting_Europe_s_Dark_Cloud.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/LCP/JRC_107769_LCPBref_2017.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parmes%20E%5BAuthor%5D&cauthor=true&cauthor_uid=31818476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pesce%20G%5BAuthor%5D&cauthor=true&cauthor_uid=31818476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabel%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=31818476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baldacci%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31818476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bono%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31818476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brescianini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31818476
https://www.ncbi.nlm.nih.gov/pubmed/31818476

171. Carinanos P, Alcazar P, Galan C, Dominguez E. Environmental behaviour of airborne
Amaranthaceae pollen in the southern part of the Iberian Peninsula, and its role in future climate
scenarios. Sci Total Environ 2014;470-471:480-487.

172. European Parliament Interest Group on Allergy and Asthma
http://www.eaaci.org/outreach/eu-activities/european-parliament-interest-group-on-allergy-and-
asthma.html.

173. EAACI, EFA and the European Parliament Interest Group on allergy and asthma launch a
political call to action in Europe
http://www.callallergyasthma.eu/C2A_Press_Release_United_Action_for_Allergy_and_Asthma.p
df.

174. Kubesch NJ, Therming Jorgensen J, Hoffmann B, Loft S, Nieuwenhuijsen MJ, Raaschou-
Nielsen O, et al. Effects of Leisure-Time and Transport-Related Physical Activities on the Risk of
Incident and Recurrent Myocardial Infarction and Interaction With Traffic-Related Air Pollution: A
Cohort Study. J Am Heart Assoc 2018;7(15).

175. Arbillaga-Etxarri A, Gimeno-Santos E, Barberan-Garcia A, Balcells E, Benet M, Borrell E,
et al. Long-term efficacy and effectiveness of a behavioural and community-based exercise
intervention (Urban Training) to increase physical activity in patients with COPD. A randomised
controlled trial. Eur Respir J 2018.

176. Erbas B, Jazayeri M, Lambert KA, Katelaris CH, Prendergast LA, Tham R, et al. Outdoor
pollen is a trigger of child and adolescent asthma emergency department presentations: A
systematic review and meta-analysis. Allergy 2018;73(8):1632-1641.

177. Bousquet J, Caimmi DP, Bedbrook A, Bewick M, Hellings PW, Devillier P, et al. Pilot study
of mobile phone technology in allergic rhinitis in European countries: the MASK-rhinitis study.
Allergy 2017;72(6):857-865.

178. Buters J, Schmidt-Weber C, Oteros J. Next-generation pollen monitoring and
dissemination: Allergy. 2018 Oct;73(10):1944-1945. doi: 10.1111/all.13585.

179. Heinrich J. Influence of indoor factors in dwellings on the development of childhood
asthma. Int J Hyg Environ Health 2011;214(1):1-25.

180. Global Initiative for Asthma (GINA) 2019 Main Report. https:/ginasthma.org/gina-reports/
2019.

181. Hellings PW, Fokkens WJ, Bachert C, Akdis CA, Bieber T, Agache I, et al. Positioning the
principles of precision medicine in care pathways for allergic rhinitis and chronic rhinosinusitis - A
EUFOREA-ARIA-EPOS-AIRWAYS ICP statement. Allergy 2017;72(9):1297-1305.

This article is protected by copyright. All rights reserved


http://www.eaaci.org/outreach/eu-activities/european-parliament-interest-group-on-allergy-and-asthma.html
http://www.eaaci.org/outreach/eu-activities/european-parliament-interest-group-on-allergy-and-asthma.html
http://www.callallergyasthma.eu/C2A_Press_Release_United_Action_for_Allergy_and_Asthma.pdf
http://www.callallergyasthma.eu/C2A_Press_Release_United_Action_for_Allergy_and_Asthma.pdf

182. Bousquet J, Schunemann HJ, Samolinski B, Demoly P, Baena-Cagnani CE, Bachert C, et
al. Allergic Rhinitis and its Impact on Asthma (ARIA): achievements in 10 years and future needs.
J Allergy Clin Immunol 2012;130(5):1049-1062.

183. Uriarte SA, Sastre J. Clinical relevance of molecular diagnosis in pet allergy. Allergy
2016;71(7):1066-1068.

184. Lombardi E, Simoni M, La Grutta S, Viegi G, Bisanti L, Chellini E, et al. Effects of pet
exposure in the first year of life on respiratory and allergic symptoms in 7-yr-old children. The
SIDRIA-2 study. Pediatr Allergy Immunol 2010;21(2 Pt 1):268-276.

This article is protected by copyright. All rights reserved



Figure Legends

Figure 1: Tobacco smoke as driver of microbial dysbiosis in the airways: A: during homeostasis
there is a symbiosis between the airway microbiota and the stromal and immune cells of the
respiratory epithelium; B: tobacco smoke carries different microbes that can colonize the airways,
and also promotes several changes in the resident microbiota such as the formation of biofiims
by Staphylococcus aureus; C: tobacco smoke upregulates mucus production, impairs the
mucociliary clearance, and induces low-grade inflammation in the airway mucosa; C: the
interaction between the effects of tobacco smoke on airway microbiota and respiratory epithelium
further alters the ecological niche, promotes the outgrowth of certain species, and ultimately

affects the microbial balance.

Figure 2: Innate and adaptive immune effects of outdoor pollution on respiratory epithelium: A:
PM,, upregulate the expression of NLRP3 by airway epithelial cells (AEC). AECs in turn release
CXCL1, which contribute to the recruitment of neutrophils from the blood steam. AECs also
release IL-6, which promotes mucus secretion: B: black carbon induces the methylation and the
expression of the IL4 gene in different immune cells in the respiratory epithelium. Increased levels
of IL-4 promote both mucosal Th2 cell priming and local IgE production by IgE+ B cells. NRLP3:

nucleotide-binding domain, leucine-rich repeat protein 3

Figure 3: Effect of outdoor pollution and climate change over allergenic plant species: Outdoor
pollution increases the amount of pollen grains produced by plants (A), and the amount of both
allergens (B) and PALMs (C) per pollen grain. Moreover, aeroallergens can become chemically
modified by outdoor pollutants like nitrogen oxides (D). The global warming induces prolonged
vegetation periods of allergenic plants (E), and extreme climate events like thunderstorms, which
provoke the sudden release of massive amounts of allergens to the atmosphere (F). All these
effects result on a higher availability of aeroallergens and they increase the chances of interaction
between the allergens and the stromal and immune cells of the airway mucosa. The interaction of
native and nitrated allergens with airway epithelial cells can result on the release of pro-
inflammatory mediators (G), whereas allergen interaction with dendritic cells can result on IgE-
sensitizations (H). The chances of sensitization are further increased by the higher availability of
PALMs and nitrated allergens (G). Moreover, allergen interaction with sensitized mast cells can
induce the release of inflammatory mediators (l), ultimately inducing the onset of asthma attacks

in pollen-allergic patients (J). PALM: pollen-associated lipid mediator.
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Table 4: Percentage of the urban population in the EU-28 exposed to air pollutant concentrations
above the EU limit or target values and above the WHO air-quality guidelines (AQGs). Minimum
and maximum values observed between 2013-2015. The comparison is made for the most
stringent EU limit or target values set for the protection of human health. As the WHO has not set
AQGs for benzo(a)pyrene (BaP), the reference level in the table was estimated assuming WHO
unit risk for Lung cancer for PAH mixtures and an acceptable risk of additional lifetime cancer risk
of approximately 1 in 100 000. Estimated reference levels are given between parentheses and in
pg/m3, except for BaP which is given in ng/m3. This table was modified and reproduced with
permission from the European Environmental Agency Report No 13/2017. Air quality in Europe —
2017 report. Available from: https://www.eea.europa.eu/publications/air-quality-in-europe-2017.
(assessed: July 2018).
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Table 1: Consequences of indoor air pollution over allergic rhinitis and asthma

Indoor Air Pollution ( effects amplified by the amount of time spent indoors and the isolation of buildings)

Environmental factors

Health outcomes

Second hand tobacco | During perinatal period

smoke

1. Higher prevalence of asthma, poorer asthma
control and more severe asthma exacerbations
during childhood [19-24]

2. Potential with

epigenetic changes

transgenerational repercussions [25]

During adulthood

1. Possibly higher asthma prevalence [28-30]

2. Possibly lower prevalence of allergic rhinitis [29]

Lifelong

Alteration of airway microbiota/bacterial dysbiosis [34]

NO:2from gas-fueled cooking and heating

Higher prevalence and exacerbation rate of asthma

during childhood [16. 50]

Volatile Organic Compounds from building materials

and consumer products

Possibly higher prevalence and exacerbation rate of
allergic rhinitis and asthma in both children and adults

[52]

Indoor allergens Lifelong

1. Increased sensitization rates to house dust mites,
molds and allergens from furry animals [55, 56]

2. More severe phenotypes of allergic rhinitis and
asthma, as compared to those induced by outdoor

allergens [58-60]

During childhood

Higher bronchial inflammation and reduced lung

function in sensitized children with wheezing episodes

[57]

Colonization of the households by molds and

cockroaches due to dampness

1. Higher sensitization rate to dampness-related
allergens [61, 62]
2. Airway inflammation due to allergy-independent

mechanisms (glucans, mycotoxins, etc.) [63]




Table 2: Consequences of outdoor air pollution over allergic rhinitis and asthma

Outdoor Air Pollution

Environmental factors

Health outcomes

Pollution from traffic and | During childhood Higher asthma prevalence after the school age [74-77]
industry  (PM1o, PMozs,
During adulthood Possibly higher asthma prevalence [80, 81]
NO, NO2, etc.)
Lifelong 1. Poorer lung function [72, 78, 79]
2. Higher rate of asthma exacerbations [82. 83]
3. Conflicting results on AR onset [85, 86]
Livestock farming (organic dust, toxins form | Decreased lung function [87]

microorganisms, gases like ammonia and methane,

etc.)

Black carbon

Possibly epigenetic changes leading to increased type

2 inflammation in children [99]

Interaction between air
pollutants (PMz1o, nitrogen
oxides) and allergens

(pollen, fungal spores,

etc.)

Production of more

pollen, more allergens

per pollen grain and
more PALMs per pollen

grain [100-104, 108]

Release of allergens via

direct cell damage [104]

Nitration of allergens

[109-112]

1. Potentially, facilitation of IgE-sensitization against
aeroallergens [104, 107]
2. Higher rate of asthma-related hospitalizations [115,

116]

Legend: PALM: pollen-associated lipid mediator




Table 3: Consequences of climate change and global warming over allergic rhinitis

and asthma

Environmental changes

Health outcomes

More frequent extreme | Heat waves, wildfires,

climate events higher temperatures, etc.

Amplification of exacerbation rate, morbidity and

mortality of respiratory diseases [140-143].

Dampness in affected households with subsequent
proliferation of molds and cockroaches [61, 153]. See
the consequences of the deterioration of indoor air

quality in table 1.

Intensive rain and
flooding
Thunderstorms

Increase in asthma exacerbations and hospitalizations
following thunderstorm-related asthma episodes [153-

157]

More intense and more prolonged pollen seasons
[100, 120, 123-125]. Possibly similar changes for other

allergens (e.g. fungi).

Increase in the severity and alteration of the seasonality

of symptoms of allergic rhinitis and asthma [145-148]

Alteration of the local vegetation patterns with

changes in the geographical spread [122] and
migration of plants [127]. Colonization of geographical
areas by new species [121] with alteration of the

species dominating distinct ecological niches [150].

Possibly, similar changes for fungi [126].

Increased prevalence and severity of allergic rhinitis and
asthma due to both de novo sensitizations and cross-

reactivity with pre-existing species [133. 134]

Possibly changes in the growth pattern and

distribution of pathogenic microorganisms [151].

Possibly changes in the pattern of respiratory tract

infections




Table 4:

Pollutant | EU reference value | Exposure estimate (%) WHO AQG Exposure estimate (%)
PM2s Year (25) 7-8 Year (10) _
PM1o Day (50) 16-20 Year (20) 50-62

02 8-hour (120) 7-30 8-hour (100) _
NO:2 Year (40) 7-9 Year (40) 7-9
BaP Year (1) 20-25 Year (0.12) RL _
SOz Day (125) <1 Day (20) 20-38
Key <5% 5-50% 50-75%
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