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bjective: To recapitulate the more recent epidemiologic studies on the association of air pollution with
espiratory allergic diseases prevalence and to discuss the main limitations of current approaches used to
stablish a link between pollinosis and pollution.
ata Sources: Through the use of PubMed, we conducted a broad literature review in the following areas:

epidemiology of respiratory allergic diseases, effect of pollution and climate changes on pollen grains, and
immunomodulatory properties of pollen substances.
Study Selection: Studies on short- and long-term exposure to air pollutants, such as gaseous and particulate
materials, on allergic sensitization, and on exacerbation of asthma symptoms were considered.
Results: Trend in respiratory allergic disease prevalence has increased worldwide during the last 3 decades.
Although recent epidemiologic studies on a possible association of this phenomenon with increasing
pollution are controversial, botanic studies suggest a clear effect of several pollutants combined to climatic
changes on the increased expression of allergenic proteins in several pollen grains. The current literature
suggests the need for considering both pollen allergen and pollutant contents for epidemiologic evaluation
of environmental determinants in respiratory allergies. We propose that a measure of allergenic potential of
pollens, indicative of the increase in allergenicity of a polluted pollen, may be considered as a new risk
indicator for respiratory health in urban areas.
Conclusion: Because public greens are located in strict proximity to the anthropogenic sources of pollution,
the identification of novel more reliable parameters for risk assessment in respiratory allergic diseases is an
essential need for public health management and primary prevention area.
� 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction estimated annual cost of asthma treatment in Europe was more
Most chronic respiratory noncommunicable diseases (CRNCDs),
particularly asthma and allergic rhinitis, may be partially prevent-
able. Risk factors (RFs) have been identified and efficient preventive
measures have been proposed. For example, tobacco smoking,
outdoor and indoor air pollution, allergens exposure, environ-
mental changes, occupational agents, and lifestyle are all prevent-
able RFs for respiratory allergies. Despite the significant effect on
morbidity and mortality, prevention in respiratory allergies and
their RFs are especially underestimated by many governments. In
fact, only 3% of European health expenditure is currently invested
in prevention, whereas 97% is spent on treatment. In 2016 the
fectious, Parasitic and Immune-
Viale Regina Elena, 299, 00161

intramural funding of Istituto

sthma & Immunology. Published by El
than V18 billion.1 Allergic rhinitis therapy may even cost more (up
to V100 billion), according to unpublished data from the Global
Allergy and Asthma Network of Excellence investigators.

Several international organizations (World Health Organization,
European Union), Italian institutions (Italian Ministry of Health,
Italian Ministry of Environment), and scientific associations
(European Respiratory Society, European Academy of Allergy and
Clinical Immunology) have promoted the need to improve primary
prevention measures for CRNCDs, which are cost-effective with
respect to treatment.2 In 2011, the European Respiratory Society
launched a Respiratory Roadmap with the aim of providing health
care policymakers with recommendations of the most urgent
measures needed to reverse the increasing trend for the CRNCDs
(www.ersroadmap.org). Two of 4 main interventions indicated by
the roadmap fell in the areas of prevention and research. The pri-
mary prevention measures were to reduce urban air pollution,
improve indoor air quality, and manage the consequences of nat-
ural events, such as climate changes. With regard to research, the
sevier Inc. All rights reserved.
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roadmap identified specific targets to direct the funding resources,
such as host defense response, innovative approaches to restore
pulmonary function, and better translation into clinical practice.
The present review is focused on the primary prevention area
aiming to underline the importance of investigating the environ-
mental determinants of respiratory allergic diseases and to suggest
a novel approach for translating scientific data into preventive
measures.

Environmental Determinants of Respiratory Allergic Diseases:
Air Pollution and Pollens

Effects of Air Pollution on Respiratory Symptoms

Traffic-related air pollution (TRAP) in urban areas has a relevant
effect on respiratory health, especially for infants and elderly peo-
ple.3 It has become evident that urban individuals havemore severe
symptoms of respiratory allergies compared with those living in
rural areas.4 Of interest, Fuertes et al5 found that the mean level of
greenness within 500 m from the home address was positively
associated with allergic rhinitis and eyes and nose symptoms in 10-
year-old children from a German urban area, whereas a negative
association was observed in children living in a rural area.

Air pollution has direct effects on respiratory symptoms of
allergic individuals, causing an inflammatory response in the air-
ways and an increased susceptibility to aeroallergens exposure.6 In
addition, air pollution may have indirect effects by combining
aeroallergens with particles, such as diesel exhaust,7 therefore
modifying their features.8 Furthermore, air pollution and climate
changes could induce an enhanced expression of allergenic and
proinflammatory molecules in pollen grains attributable to adap-
tation of plants to abiotic stress.9

Several studies have analyzed the effects of short-term exposure
to air pollutants on respiratory symptoms. A positive correlationwas
found between exposure to ozone, carbon monoxide, nitrogen
dioxide, sulfur dioxide, and particulate matter (PM) of 10 mm or less
(PM10) and 2.5 or less (PM2.5)with asthma-related hospitalizations.10

Moreover, several studies have found a significant association
between long-term exposure to air pollutant with asthma inci-
dence.11 Bowatte et al12 reported that TRAP exposure to levels well
below the guidelines provided by the World Health Organization
(PM2.5, 10 mg/m3 annual mean; nitric dioxide, 40 mg/m3 annual
mean) is associated with increased incidence of asthma and risk of
sensitization to common allergens during childhood. Overall, these
epidemiologic studies suggest that although short-term exposure to
ozone, nitric dioxide, sulfur dioxide, PM2.5, and TRAP preferentially
exacerbate asthma symptoms, long-term exposure, especially to
TRAP, is associated with asthma onset in children and adults.

Effects of Air Pollution on Allergic Sensitization

Although the effects of air pollutants on asthma exacerbation
have been well documented in epidemiologic studies, the effect of
pollutants on the respiratory allergic sensitizations has been less
investigated. Hansel et al13 conducted cross-sectional analyses on a
population of children selected for the atopic phenotype. The au-
thors found a significant association in the weighted road density
with positivity to skin prick test and IgE specific to house dust mite,
ryegrass, grass mix, cat dander, and Alternaria. Intriguingly, a recent
meta-analysis study based on the aforementioned reports has
argued that a positive association exists between the concentra-
tions of particulate matter and allergen sensitization.14 However,
the results of this meta-analysis outlined a trend, although not
statistically significant, for children who grew up in the same
location until 8 to 10 years of age to develop allergic sensitizations
associated with particulate matters exposure (PM2.5, PM10, and PM
coarse). The limits of this meta-analysis study were that clinical
data and PM exposure parameters were not rigorously measured
for children who moved to other neighborhoods. Overall, we may
hypothesize that other phenomena, besides PM levels, may
contribute to the increase in allergic sensitizations. For example,
the whole airborne allergenic contents and/or its allergenic po-
tency may also be increased together with PM and, thus, differently
contribute to allergic sensitization prevalence increase. In this re-
gard, the contents of pollen allergens in PM10 have only rarely been
analyzed.15 Plant debris, which represents 1% of total anthropo-
genic PM10 and is estimated to be composed by pollen grains, is
equal to 6 kg/km�2/y�1 in Europe.16 Another interesting study re-
ported that an interquartile range increase of 17.6 grains/m3 for
Poaceae pollen determined an adjusted relative risk of 1.54 (95%
confidence interval, 1.33-1.79) for allergic sensitization.17

Air pollutants may enhance sensitization to aeroallergens by a
direct effect on the respiratory mucosal environment. Two prin-
cipal mechanisms of action have been proposed: the increased
epithelial permeability attributable to oxidative injury and a direct
adjuvant effect.18 In particular, studies on patients with asthma
have suggested an increased susceptibility of airway epithelial cells
to deleterious effects of air pollutants. In fact, ozone, nitric dioxide,
and diesel exhaust particles were found to increase the perme-
ability of bronchial epithelial layer attributable to oxidative and
nitrosative stress and to inhibit the ciliary beat frequency, leading
to delayed clearance of allergens and irritants inhaled. In turn,
increased permeability of airways may favor the access of these
agents to the submucosa, where they interact with resident cells,
such as airway smooth muscle cells and fibroblasts.

Several in vitro studies conducted on human bronchial epithe-
lial cells from patients with asthma suggest that air pollutants
modulate various inflammatory parameters at the cellular level. For
example, ozone increases the release of inflammatory mediators,
including platelet-activating factor, interleukin (IL) 8, granulocyte-
macrophage colony-stimulating factor (GM-CSF), tumor necrosis
factor alpha (TNF-a), and soluble intercellular adhesion molecule 1
(sICAM-1). Nitric dioxide enhances the release of leukotriene C4,
GM-CSF, TNF-a, IL-8, regulated on activation normal T-cell
expressed and secreted (RANTES), and sICAM-1. Diesel exhaust
particles induces the production of IL-8, GM-CSF, and sICAM-1 from
primary human bronchial epithelial cells. These inflammatory cy-
tokines and chemokines attract into the airways and lung paren-
chyma mast cells, eosinophils, lymphocytes, and neutrophils,
which in turn secrete additional soluble mediators that cause tissue
damage.19 The increased permeability of airways may also favor the
penetration of airborne allergens to the submucosa, where they
may interact with resident dendritic cells and innate lymphoid cells
and with recruited inflammatory mast cells, eosinophils, lympho-
cytes, and neutrophils.20

Several studies have found a direct adjuvant effect of air
pollutants. Studies on human B cells found that diesel exhaust
particles and their derivative polyaromatic hydrocarbons can
induce the synthesis of IgE in the presence of IL-4, suggesting that
this pollutant may potentiate the sensitivity to common aller-
gens.21 Another study on human airway epithelial cells found that
diesel exhaust particles increased the expression of HLA-DR and
CD86 molecules, essential to present allergens to T cells.22
Effect of Air Pollution and Climate Change on Pollen Grains

Pollen allergens are found in respirable particles, including
whole anemophylous pollen grains (10-30 mm mean diameter),
pollen-derived starch cytoplasmic granules, pollen-derived debris
(0.6-2.5 mm in diameter), and submicronic particles called orbicules
(0.02-1 mm in diameter). Schäppi et al23 first found the relevant
contribution of particulate allergen carriers below 7.5 mm
mean diameter to respiratory symptoms in allergic patients.



Table 1
Pollen Substances Upregulated by Pollution and Abiotic Stresses Endowed With Immunomodulatory Activity

Upregulated plant substances
(Biochemical family)

Plant tissue Plant substances already
referenced as allergens

References mentioning
the immunomodulatory
activity

Abiotic stress or polluting
substance

Actin-binding proteins (profilins) Several different plant tissues Approximately 203 plant
allergens listed in the
Allergome database:
http://www.allergome.org/

Burastero et al36 Ozone

Allergen-bearing starch citoplasmic
and orbicules granules

Phleum pollen, Cupressaceae pollen,
Phaseolus pollen

Pazmandi et al25 Ozone, nitric dioxide, sulfur
dioxide, diesel exhaust
material (DEM), traffic
exhaust

Chitinases (class I and IV) Poa pollen, Ambrosia pollen, Helianthus root,
Zea root, Pisum root, Vicia root, Brassica
flower bud, Castanea shelled nuts, Hevea
natural latex, Persea fruit, Musca fruit,
Vitis fruit

Hev b 6.01, Hev b 6.02, Hev b
11, Cas s 5, Cry j chitinase
(CJP-4), Pers a 1, Mus a 1

Lee et al37 Cadmium, ozone, mercury,
manganese, sodium
chloride, drought, traffic
exhaust

Expansins Cynodon pollen, Dactylis pollen, Lolium
pollen, Phleum pollen, Oryza pollen

Cyn d 1, Dac g 1, Lol p 1, Phl
p1, Ori s 1

Roschman et al38 Ozone

Flavonoids Thuja pollen, Parietaria pollen Parietaria judaica Sallusto et al39 Traffic exhaust

Glycans (as free polysaccharides
and glycoconjugates)

Cupressaceae pollen, Poaceae pollen, Olea
pollen, Artemisia pollen, Arachis seed,
Actinidia pollen

Royer et al40 Chromium

Isoflavone reductases Ole pollen, Betula pollen, Solanum pollen,
Fraxinus pollen, Cryptomeria pollen, Pyrus
fruit, Citrus fruit, Daucus root, Diospyros
fruit, Litchi fruit, Hevea natural latex

Bet v 6, Ole e 12, Fra e 12,
Cry j IFR, Cit s IFR, Dau c 5,
Dio k IFR, Lit c IFR Pyr e 5,
Hev b IFR

Oseroff et al41 UV-C, wound, microbial
derived elicitors

Lipids and peroxidized lipids and
lipoxigenases

Cupressaceae pollen, Thuja pollen, Actinidia
pollen, Lycopersicon leaves, Hordeum
pollen

Abos-Gracia et al42;
Plotz et al43;
Russano et al44

Chromium, lead, osmotic
stress

Lipid transfer proteins Ambrosia pollen, Betula pollen, Arachis seed,
Corylus seed, Sesamum seed, Glycine seed.,
Prunus fruit, Bertholletia seed

Amb a 6, Bet v 1, Par j1, Ara h
8, Mal d 1, Pru p 3, Ber e 1,
Sin a 1, Ara h 10, Ara h 11,
Ara h 14, Ara h 15, Cor a 12,
Cor a 13, Ses i 4, Ses i 5,
Gly m 30K, Gly m 5

Bublin et al45 Sulfur dioxide, traffic
exhaust

NADPH oxidases Ambrosia pollen, grasses pollen Amb a 1 Csillag et al46; Bacsi
et al47

Ozone, heavy metals,
sodium chloride, drought

Oleosins Ambrosia pollen, Betula pollen, Arachis seed,
Corylus seed, Sesamum. seed, Glycine seed,
Prunus fruit, Bertholletia seed

Ara h 10, Ara h 11, Ara h 14,
Ara h 15, Cor a 12, Cor a13,
Ses i 4, Ses i 5

Bublin et al45 Sulfur dioxide, traffic
exhaust

Pectatelyases Ambrosia pollen, Cupressaceae pollen Amb a 1, Cup a 1, Cr j 1, Jun o 1 Gabriele et al48 Ozone, carbon dioxide,
traffic exhaust

Phospholipases A2 Oryza seeds and panicle, Nicotiana flowers,
Olea pollen, Citrus pollen, Triticum pollen,
Arabidopsis pollen, Solanum tuber, Malus
pollen, Hevea natural latex

Heb v 7 Hanasaki et al49 Sodium chloride, drought,
salicilic acid

Phytoprostanes Betula pollen and Phleum pollen Tradl-Hoffmann et al50 Traffic exhaust

Proteases (serin-, cistein-,
aspartic-protease)

Cupressaceae pollen, Phleum pollen, Corylus
pollen, Betula pollen, Ambrosia pollen

CPA63 Tang et al51 Ozone, heavy metals

RNAse Betula pollen, Secale pollen Bet v 1, Phl p 5, Lol p 5 Smole et al52 Ozone

Thaumantins (endo-b1,3 glucanase)
and thaumantin-like proteins

Cupressus pollen, Juniperus pollen,
Cryptomeria pollen, Olea olive oil, Triticum
wheat flour, Malus fruit, Musa fruit,
Prunus fruit

Cup a 3, C s 3, Jun a 3, Jun r 3,
Jun v 3, Cri j 3, Act d 2,
Mal d 2, Mus a 4, Pru av 2,
Pru p 2.0101, Pru p 2.0201,
Tri a thaumantin-like
protein, Ole e 13

Oseroff et al41 Traffic exhaust, heat

Transglutaminase 2 Corylus pollen, Malus pollen Iorio et al53 Heat, copper, acidic rain
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Subsequently, several authors identified relevant pollen allergens
carried by airborne particles released by pollen grains of grass,24

ragweed,25 and cypress26 under natural rain or on in vitro treat-
ment with hypotonic buffer. The orbicules present on the exine also
carry allergenic molecules and are released by hydration or
pollution-induced rupture of pollen grains.26

Increasing data indicate that pollen grains and air pollution
mutually interact. Depending on the plant species and on the
pollutant type and concentration, this interaction may alter
the vitality, shape, size, physiologic features, and metabolism of the
pollen grain.27 Pollutants and climate changes are among the main
plant stressors, especially in urban areas. One of these stress in-
ducers is ozone, known to induce NADPH increase in ragweed
pollen, which in turn generates reactive oxygen species (ROS).28

Plant ROS not only are an unwelcome by-product of metabolism
but also serve as important regulators of plant development and
growth, particularly during pollen germination and cell signaling
on the stigma.29 The pollen pectate lyases, including 2 major pollen
allergens Amb a 1 and Cup a 1 (from Ambrosia artemisiifolia and
Cupressus arizonica species, respectively), were also increased un-
der ozone exposure.30 Plants particularly rely on proteomic plas-
ticity for self-remodeling during periods of developmental change,
to endure varying environmental conditions, and to respond to
biotic or abiotic stresses.31 A direct result of stress-induced cellular
changes is the enhanced intracellular accumulation of toxic com-
pounds, including ROS. Plants frequently respond to stress by

http://www.allergome.org/
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overexpressing different families of specific proteins, most of which
belong to ROS-scavenging pathways (superoxide dismutase,
ascorbate peroxidase, catalase, glutathione peroxidase, and per-
oxiredoxin). Comparative proteomics is currently the most
powerful tool for the analysis of biochemical pathways and of
complex responses of plants to environmental stimuli.32

Climate changes seem also to have an effect on pollen allerge-
nicity.18 Tashpulatov et al33 found that temperature increase
determine higher allergen contents in Birch pollen. In this regard,
the urban environment is particularly sensitive to the global
warming, owing to diffuse soil sealing that, in turn, causes land
drying, particularly in the Mediterranean area. Thus, flowering
plants growing in the urban areas developmechanisms that protect
flowers from severe dehydration. Recent data indicate that floral
organs of Arabidopsis thaliana have more than 4,000 genes whose
expression is modulated under severe drought and less than 2,000
genes modified under moderate drought conditions. Ambrosia
pollen genes corresponding to allergenic proteins (Amb a 9, Amb a
10, Amb a 1.1, Amb a 1.2, Amb a 1.3) and the cystatin proteinase
inhibitor (Amb a CPI) were found to be upregulated under drought
condition.34 Particular types of thunderstorms determine the for-
mation and long-distance diffusion of small allergenic particles
from pollen or mold (<10 mm mean diameter), able to induce se-
vere asthma symptoms (thunderstorm-related asthma).35 The
most relevant studies on immunomodulating activities of pollen
substances that are enhanced in plants grown under abiotic stress
are summarized in Table 1.

A Novel Concept of Pollen Allergenicity: Beyond the IgE-
Binding Activity

Allergenicity Paradigm: The Underestimated Value of TH2
Polarization

The physiopathologic mechanism of respiratory allergies is
essentially supported by an altered immune response against
apparently innocuous foreign proteins. Although it has been well
established that this immune response is mediated by TH2 lym-
phocytes, the mechanism of allergic sensitization, in particular to
pollens, is still a subject of debate. It is accepted that the immune
system can develop an adaptive immune response after sensing of
pathogens through the so-called danger signals. These signals are
normally provided by microbial toxins or other genetically
conserved components called pathogen-associated molecular pat-
terns that interact with germ lineeencoded pattern recognition
receptors, which are expressed by innate immune cells. Like mi-
crobial antigens, also allergens can engage innate pattern recog-
nition receptors, leading to allergic immune responses classically
indicated by TH2 polarization.54

TH2 immune responses are strongly induced by multicellular
parasites, such as helminths. It is likely that TH2-mediated re-
sponses may have evolved from the innate response as a mecha-
nism to isolate and encapsulate macroparasites through the
deposition of extracellular matrix proteins.55 Parasitic pathogen-
associated molecular patterns seem to have a critical role in
driving the TH2 type of immune response, and their modulatory
activity is oftenmediated bymultiple glycan moieties. For example,
the a1/6 fucosyl core motif is the active moiety of the helminths
molecule k5 glycoprotein, a ligand of the mannose receptor.56

Interestingly, this glycan moiety resembles a widely shared pollen
allergen glyco-motif,57 and some glycoprotein allergens have an
immunomodulatory activity triggered by the carbohydrate moi-
ety.40,58 Therefore, we might hypothesize that many of the immu-
nomodulatory activities of pollen allergens may be triggered by
such glycan motifs.

Certain pollen allergens with function of proteolytic enzymes are
endowed with potent TH2 polarizing activity. The best known
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Figure 1. Model of information flow showing how the allergenic potential of pollens (APP) measure for Cupressus or Parietaria pollens (cognitive data) could be used to
monitor the effectiveness of actions (operational tools). PM10 indicates particulate matter of 10 mm or less.
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examples are found in pollens from Japanese cedar (Cryptomeria
japonica), Japanese cypress (Chamaecyparis obtusa), RockyMountain
juniper (Juniperus scopulorum), short ragweed (Ambrosia artemisii-
folia), Kentucky blue grass (Poa pratensis), rye grass (Lolium perenne),
Bermuda grass (Cynodon dactylon), and white birch (Betula alba).59

Because approximately 70% of natural allergens are enzymes, it
may be envisaged that the enzymatic activity could be somehow
relevant to the immunomodulatory activity of allergens. For
example, NADPH oxidase, found in pollens from 38 allergenic spe-
cies, is able to induce local oxidative stress by directly increasing ROS
in airway epithelium,60 dendritic cells,46 and mast cells,61 which, in
turn, generate an intracellular danger signal and/or histamine/sero-
tonin secretion.Moreover, pollen-mediated oxidative stresswas also
proven to be clinically relevant for immediate hypersensitivity re-
actions and late-phase inflammation in the allergic conjunctivitis.62

Immunomodulating activities have also been ascribed to
bioactive polleneassociated lipid mediators (eg, oxylipins) identi-
fied in birch, grasses, ragweed, Rocky Mountain juniper, Japanese
cedar, and Japanese cypress63,64 and structural phosphatidyletha-
nolamine and phosphatidylcholine from both Cypress and Olea
pollen.44 Importantly, the pollen grain is an active site for tri-
acylglycerol biosynthesis and gathers large amounts of oil bodies in
the cytoplasm. Because most of the above mentioned substances
are not IgE-binding molecules, we propose that the concept of
pollen allergenicity should be reconsidered. In fact, because pollen
grains and derived particles are complex particulate structures,
their effect on respiratory health should be evaluated not only
on the basis of the IgE binding properties but also for their
TH2-polarizing potential.
Pollen Allergenicity Assessment

The relevance of the immunomodulatory activity of pollen-
associated substances (Table 1) to allergic sensitization suggests
the measure of pollen allergenicity as a parameter for risk
assessment of air emissions and climate changes. Currently, the
measure of whole pollen allergenicity is provided only for the
environmental risk assessment of genetically modified plants culti-
vation. The European Food Safety Authority expert opinions (www.
efsa.europa.eu) suggest evaluating on a case-by-case basis the need
of using animal models to determine the allergenic potential of
genetically modified pollens. Several mouse models of respiratory
and food allergy have been developed during the last 10 years.65

On the basis of the extensive experience on preclinical mouse
models of allergic disorders, we propose that validated end points
should be established to measure the allergenic potential of a given
polluted pollen with respect to the reference pollen preparation.
Such end points establish a score value that may be called aller-
genic potential of pollen (APP), indicative of the increase in aller-
genicity of a polluted pollenwith respect to the nonpolluted one. In
support of the importance of determining the allergenicity of pol-
lens, a recent study66 indicates that the simple count of pollen
grains not always correlate with the prevalence of pollen sensiti-
zation or with allergic respiratory symptoms. Instead, the authors
of this study suggest determining the whole airborn allergen con-
tents rather than the number of pollen grains. Because the envi-
ronmental pressure factors do not just quantitatively change the
allergenic molecules’ contents but mostly determine an increase in
the whole allergenic potential of pollen particles, we suggest that
this latter parameter, namely APP, be evaluated. The APP is a score
value of a pollen that takes account of validated pathologic and
immunologic end points (ie, inflammation score, specific IgE, mu-
cous production) within a well-established in vivo model of res-
piratory allergy. According to the simulation given in Table 2, the
column of risk indicators could be implemented with the addition
of the APP measure, which may help predict the increase of prev-
alence and exacerbation of symptoms in allergic respiratory dis-
eases (health effect column). In this context, we propose a model of

http://www.efsa.europa.eu
http://www.efsa.europa.eu
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information flow (Fig 1) that connects the cognitive data with the
policies for adaptation of urban life to climate changes and pollu-
tion. As an example, in this model the APP measure for Cupressus or
Parietaria pollens (cognitive data) could be used to monitor the
efficacy of actions (operational tools) aimed at modifying the
environmental threats and adaptation behaviors.

Conclusions

Despite a positive trend in the prevalence of allergic sensitiza-
tion in urban places, the factors that account for this phenomenon
have not been established so far. However, accumulating evidence
indicates that pollutants and climate change act as plant stressors,
modifying the expression of plant molecules endowed with
immunogenic properties, such as those present in pollens. In this
view, a new concept of pollen allergenicity that takes into consid-
eration stress-induced increase in the allergenic potential of pollen
particles should be considered as a new reliable environmental
determinant in respiratory allergies epidemiology. Thus, it would
be useful to validate the APP measure by means of mouse models,
for example, by determining a range of scores for some known
pathological end points, such as lung cellular infiltration, mucous
production, and airway hyperreactivity. In perspective, a recently
developed in vitro technology named lung-on-chip67 may repre-
sent a valuable approach, alternative to animal models, to evaluate
the allergenicity of pollens and other sensitizers by closely
mimicking the in vivo scenario.
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