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Summary
A body of evidence suggests that major changes involving the atmosphere and the climate,
including global warming induced by human activity, have an impact on the biosphere and the
human environment. Studies on the effects of climate change on respiratory allergy are still
lacking and current knowledge is provided by epidemiological and experimental studies on the
relationship between asthma and environmental factors, such as meteorological variables,
airborne allergens and air pollution. However, there is also considerable evidence that subjects
affected by asthma are at an increased risk of developing obstructive airway exacerbations with
exposure to gaseous and particulate components of air pollution. It is not easy to evaluate the
impact of climate change and air pollution on the prevalence of asthma in general and on the
timing of asthma exacerbations. However, the global rise in asthma prevalence and severity
suggests that air pollution and climate changes could be contributing. Pollen allergy is frequently
used to study the interrelationship between air pollution, rhinitis and bronchial asthma.
Epidemiological studies have demonstrated that urbanization, high levels of vehicle emissions
and westernized lifestyle are correlated to an increase in the frequency of pollen-induced
respiratory allergy, prevalent in people who live in urban areas compared with those who live in
rural areas. Meteorological factors (temperature, wind speed, humidity, etc.) along with their
climatological regimes (warm or cold anomalies and dry or wet periods, etc.), can affect both
biological and chemical components of this interaction. In addition, by inducing airway
inflammation, air pollution overcomes the mucosal barrier priming allergen-induced responses.
In conclusion, climate change might induce negative effects on respiratory allergic diseases. In
particular, the increased length and severity of the pollen season, the higher occurrence of heavy
precipitation events and the increasing frequency of urban air pollution episodes suggest that
environmental risk factors will have a stronger effect in the following decades.

Introduction

It is now widely accepted that the earth’s temperature is
increasing, as confirmed by the warming of the oceans,
rising sea levels, melting glaciers, retreating sea ice in the
Arctic and diminished snow cover in the Northern Hemi-
sphere. Moreover, changes are also occurring in the
amount, intensity, frequency and type of precipitation as
well as the in increase of extreme events, like heat waves,
droughts, floods and hurricanes. As stated in the recent
Working Group I report of the Intergovernmental Panel on
Climate Change (IPCC), ‘most of the observed increase in
globally averaged temperatures since the mid-20th cen-
tury is very likely due to the observed increase in anthro-
pogenic greenhouse gas concentrations’ [1].

Carbon dioxide (CO2) is the most important anthropo-
genic greenhouse gas and its atmospheric concentration
has increased from a pre-industrial value of about
280–379 p.p.m. in 2005; about 75% of the anthropogenic
CO2 emissions to the atmosphere during the past 20 years
resulted from fossil fuel burning; most of the rest resulted
from changes in land use, especially deforestation. The
same trend has been observed in the other prevalent
anthropogenic greenhouse gases methane (CH4) and
nitrous oxide (N2O) [2].

Major changes in atmosphere and the climate have a
major impact on the biosphere and the human environ-
ment. Many prevalent human diseases are linked to
climate fluctuations, from cardiovascular mortality and
respiratory illnesses due to heat waves, altered
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transmission of infectious diseases and malnutrition from
crop failures [3].

A number of reports on time trends in allergic respira-
tory diseases have shown a substantial increase in pre-
valence since the early 1960s. However, accumulating
evidence indicates that rising trends in the prevalence of
asthma and atopy among adults and older children may
have plateaued or even decreased after increasing for
decades, especially in countries with existing high pre-
valence [4]. Data on prevalence in younger children are
less reassuring [5].

The effects of climate change on respiratory allergy are
still unclear and current knowledge is provided by epide-
miological and experimental studies on the relationship
between asthma and environmental factors, such as
meteorological variables, airborne allergens and air
pollution.

Data about the influence of weather on asthma are poor
and inconclusive [6]. Weather affects asthma directly,
acting on airways, or indirectly, influencing airborne
allergens and pollutant levels. The complex composition
of aerosol reaching the airways and the several com-
pounds that play a role in this relationship might explain
the controversial results of studies conducted so far.

Indoor and outdoor allergen exposure is a well-known
aggravating factor for asthmatic patients [7] even if its
role in asthma development is not fully understood. Pollen
grains are responsible for seasonal exacerbations of aller-
gic asthma and rhinitis and they disperse according to the
flowering period of the plant of origin. Knowledge of a
plant’s geographical distribution and its flowering period
[8] and possible variations induced by climate change
scenarios is of great importance.

Several studies have shown that air pollution is con-
sistently associated with adverse health effects [9–11] and
it has a quantifiable impact on respiratory diseases, on
cardiovascular diseases and stroke [12, 13]. Data linking
changes in environmental variables and changes in in-
cidence and prevalence of bronchial asthma are still
lacking, even if an increasing body of evidence shows the
adverse effects of ambient air pollution [14, 15].

The aim of the present review is to briefly discuss
current concepts in the field of environmental factors
affecting allergic respiratory diseases and hypothesize
possible long-term effects of climate change. Possible
impacts of climate change on allergy and asthma pre-
valence are beyond the purpose of this paper, but the role
of predictable changes in air pollution and aeroallergen
exposure will be considered.

Air pollution

The massive increase in emissions of air pollutants due to
economic and industrial growth in the last century has
made air quality an environmental problem of the first

order in a large number of European countries and in
North America and is now an emerging problem in other
regions of the world, in particular in highly populated
Asian urban areas (i.e. megacities of China, India, Thai-
land, etc.). The enormous world-wide increase in the
number of motor vehicles has resulted in a tremendous
increase in energy consumption and in air-polluting
emissions from cars, in particular those with diesel en-
gines. Several air pollutants are on the list of greenhouse
gases involved in global warming. In urban areas with
high levels of vehicular traffic, the most abundant air
pollutants are respirable particulate matter (PM), nitrogen
dioxide (NO2) and ozone (O3). Other than NO2 and pre-
cursors of O3, diesel fuel combustion results in the
production of diesel exhaust particles (DEPs), which con-
sist of an elemental carbon core with a large surface area
to which hundreds of chemicals and transition metals are
attached. DEPs include fine (2.5–0.1 mm) or ultrafine
(o 0.1 mm) particles, but these primary DEPs can coalesce
to form aggregates of varying sizes. In general, the effects
of air pollutants on lung function depend on the environ-
mental concentration of the pollutant, the duration of
pollutant exposure and the total ventilation of the ex-
posed persons. However, a factor clouding the issue is that
laboratory evaluations do not reflect what happens during
natural exposure, when atmospheric pollution mixtures in
polluted cities are inhaled. As a consequence, even if it is
plausible that ambient air pollution plays a role in the
onset and in the increasing frequency of respiratory
allergy, it is not easy to show how this happens at a public
health level. In addition, it is important to recall that an
individual’s response to pollution exposure depends on
the source and components of air pollution, as well as
meteorological conditions. Indeed, some air pollution-
related incidents with asthma aggravation do not depend
only on the increased production of air pollution, but
rather on atmospheric regimes that favour the accumula-
tion of air pollutants at ground level.

What are the effects of air pollution on respiratory allergic
disease?

In the context of urban air pollution, PM, and especially
the fraction of particles smaller than 2.5 mm, is the
component more significantly related to health effects
[16].

Several human experimental studies [17–19] with di-
lute diesel exhaust show extensive inflammatory effects
in the bronchial wall with adverse functional conse-
quences. The underlying mechanisms have been asso-
ciated with oxidative stress and activation of several
mitogen-activated protein kinases and transcription fac-
tors, and disturbances in cell functions by the physical
and chemical characteristics of diesel exhaust [20–22].
There is evidence that living near roads with high levels of
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car traffic is associated with impaired respiratory health,
since road traffic with its gaseous and particulate emis-
sions is currently, and is likely to remain, the main
contributor to air pollution in most urban settings. Re-
cently, Gauderman and colleagues provided evidence that
living close to motorways in California, USA, leads to
reduced lung development in children. In a longitudinal
study, more than 3600 children were followed up from
ages 10–18 years with measurements of lung function
every year. Children living o 500 m from motorways had
reduced lung-function growth compared with those living
more than 1500 m away. It is important to note that these
results were independent of regional air quality [23]. This
study confirmed previous findings showing that lung
function and asthma in children [24–26] as well as in
adults [27–29] is affected by air pollution. However,
analysis of emergency department admissions for asthma
in Taiwan underlined the increased susceptibility of chil-
dren compared with adults [30].

Exposure to increased atmospheric levels of O3 induces
a decrement in lung function and increased airway
reactivity to bronchoconstrictor agents, and is related to
an increased risk of asthma exacerbation in asthmatic
subjects [31, 32]. Epidemiological studies have provided
evidence that high ambient concentrations of this air
pollutant are associated with an increased rate of asthma
attacks and increased hospital admissions or emergency
department visits for respiratory diseases, including asth-
ma [31, 33–35]. Several studies suggest that O3 increases
asthma morbidity by enhancing airway inflammation and
epithelial permeability [33, 34, 36].

O3 exposure significantly increases levels of inflamma-
tory cells (in particular neutrophils) and mediators, such
as IL-6, IL-8, granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF) and fibronectin, in bronchoalveolar
lavage fluid (BALF) of asthmatic subjects [36, 37].

It has long been speculated that O3 and other pollutants
may render allergic subjects more susceptible to the
antigen they are sensitized to [37, 38]. It has been
observed that the incidence of new diagnoses of asthma
is associated with heavy exercise in communities with
high concentrations of O3. Thus, air pollution and outdoor
exercise could contribute to the development of asthma in
children [39].

Pollen/pollutants interaction

Studies have demonstrated that urbanization, high levels
of vehicular emissions and a westernized lifestyle are
correlated with the increasing frequency of pollen-
induced respiratory allergy and people who live in urban
areas tend to be more affected by pollen-induced respira-
tory allergy than people living in rural areas [40–44].

There is a growing body of evidence that components of
air pollution interact with inhalant allergens carried by

pollen grains [45, 46] and may enhance the risk of both
atopic sensitization and exacerbation of symptoms in
sensitized subjects [45].

Pollen grains or plant-derived paucimicronic compo-
nents carry allergens that can produce allergic symptoms
[14]. They may also interact with air pollution (particulate
matter, ozone) in producing these effects. Furthermore,
airway mucosal damage and impaired mucociliary clear-
ance induced by air pollution may facilitate the access of
inhaled allergens to the cells of the immune system [14,
15, 17, 18]. In addition, vegetation reacts with air pollu-
tion and environmental conditions and influences plant
allergenicity.

In a recent study in four European cities, allergens from
pollens, latex and also b-glucans were shown to be bound
to ambient air particles. Thus, combustion particles in
ambient air can act as carriers of allergens and as depots
of allergens inhaled into the airways [47].

Moreover, in experimental conditions, Phleum pratense
(timothy grass) pollen releases more allergen-containing
granules when treated with increasing concentrations of
NO2 and O3 than when exposed to air only. The effects of
these traffic-related pollutants might lead to an increase
of bioavailability in airborne pollen allergens [48].

Weather

Data about the influence of weather conditions on asthma
are poor and debated. Weather conditions affect asthma
directly, acting on airways, or indirectly, influencing air-
borne allergens and pollutant levels.

A decrease in air temperature is an aggravating factor
for asthmatic symptoms, regardless of the geo-climatic
areas under study [49–52]; furthermore, studies based on
the synoptic method (categorization of daily weather into
air mass types, which are homogeneous bodies of air with
distinct thermal and moisture characteristics) supported
findings derived from analyses with only air temperature
as the meteorological variable [53]. While results of the
effects of cold air on asthma are consistent, the role of
humidity, wind and rainfall is still unclear and studies
including these variables showed inconclusive and incon-
sistent results, maybe because their impact on the diffu-
sion of pollen and pollutants is higher than that of air
temperature [54–57]. Conversely, a prospective study
from New Zealand has not showed any statistically
significant association between meteorological variables
and symptoms of asthma recorded daily in a diary [58].

Humidity indirectly affects respiratory allergic diseases,
influencing atmospheric levels of aeroallergens. There is
evidence that low humidity allows the release of pollen
from anthers favouring dispersion and transport phases,
while high humidity is associated with lower airborne
pollen concentration. Conversely, spore release is gener-
ally favoured by high levels of humidity, even if
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mechanisms of release show differences among fungi
species [59, 60].

A thunderstorm is an extreme weather event that can
induce dramatic consequences on respiratory allergic
asthma, as shown in the last 15 years (Table 1). Several
asthma outbreaks during thunderstorms were described in
the United Kingdom [61], Australia [62, 63] and Italy [64].
Despite some uncertainties, the mechanism underlying
asthma epidemics might be pollen grain rupture by
osmotic shock and release of part of their content, includ-
ing respirable, allergen-carrying starch granules
(0.5–2.5 mm) into the atmosphere [65].

Upper respiratory infections play a key role in exacer-
bation of asthma [66], contributing to the typical increase
of hospitalizations and medical calls in cold months [67]
and during spring. The reasons for the seasonal pattern of
infections are predominantly behavioural because people
spend a longer time in confined and crowded places,
allowing a wider diffusion and transmission of viruses.
However, recent findings also suggest an impairment of
natural immunity mechanisms of airways induced by
breathing cold air [68].

What might the effects of climate change be on
environmental risk factors for respiratory allergic diseases?

In the light of current knowledge, air pollution and
aeroallergens seem critical in evaluating the possible
effects of climate change on allergic respiratory diseases.
An increasing body of evidence suggests that climate
change might affect both environmental factors.

How does climate change influence air pollution type and
levels?

Climate change may affect air pollutant levels in several
ways: the influence on regional weather regimes (changes
of wind patterns and amount and intensity of precipita-
tion, increase of temperature) may have an effect on the
severity and frequency of air pollution episodes and also
on anthropogenic emissions (e.g. increased of energy
demand for space cooling); the enhancement of urban
heat island effect may increase some secondary pollutants

(i.e. ozone); and it can indirectly affect natural sources of
air pollutant emissions (e.g. decomposition of vegetation,
soil erosion, wildfires) [69, 70].

Tropospheric ozone is formed in the presence of bright
sunshine and high temperatures by the reaction between
volatile organic compounds (VOC) and nitrogen oxides
(NOx), both of them emitted from natural and anthropo-
genic sources. An association between tropospheric ozone
(O3) concentrations and temperature has been demon-
strated from measurements in outdoor smog chambers
and from measurements in ambient air [71, 72] even if it
does not occur when the ratio of VOC to NOx is low.
Tropospheric ozone concentrations are increasing in most
regions [73] and this trend is expected to continue over
the next 50 years [74].

Heterogeneous composition of particulate matter makes
projection of the effects of climate change on its concen-
tration very difficult. A study performed in the United
Kingdom projected a large decrease in days with high
particulate concentrations due to changes in meteorolo-
gical conditions; in addition, effects of legislation on
reduction of fuel and vehicle emissions are expected to
further improve PM air concentrations [75]. On the other
hand, a more recent study projected an increase in
summertime pollution episodes of black carbon and
carbon monoxide in the northeastern and midwestern
United States by 2050 [76], underlining the importance
of local climatic conditions in this type of study. Particu-
late matter partly originates from natural sources and
climate change could affect some of them. Changes in
temperature and precipitation may also increase the
frequency and severity of forest fires, sometimes with
public health consequences [77, 78].

SO2 and NOx oxidize in the atmosphere to form sulphu-
ric acid and nitric acid, respectively, and oxidation rate is
accelerated by higher temperatures. The negative effect of
global warming, which could induce an increasing poten-
tial of acid deposition (e.g. acid rain) [69], might be
counterbalanced by a decrease of SO2 emissions because
of reduced use, e.g. for public electricity and heat produc-
tion as shown in Europe [79] and the United States [80].

Changes in circulation patterns may increase episodes
of long-distance transport of pollutants [81, 82] as well as

Table 1. Current epidemiological observations supporting the link between thunderstorms and epidemics of rhinitis and asthma exacerbations

Thunderstorm-asthma: epidemiological evidences
The occurrence of epidemics is closely linked to thunderstorms
The thunderstorm-related epidemics are limited to late spring and summer when there are high levels of airborne pollen grains
There is a close temporal association between the arrival of the thunderstorm, a major rise in the concentration of pollen grains and the onset of

epidemics
Subjects with pollen allergy who stay indoors with windows closed during thunderstorms are not involved
During epidemics there are not high levels of gaseous and particulate components of air pollution
There is a major risk for subjects who are not under anti-asthma correct treatment
Subjects with allergic rhinitis and without previous asthma can experience severe bronchoconstriction
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of pollen grains, making large-scale circulation patterns
as important as regional ones.

In summary, climate change appears to induce an
increased concentration of all health-related air pollu-
tants, except SO2. Of particular concern are potential
changes in tropospheric ozone and particulate matter.
However, the consequence of higher temperature on
ozone concentration might be partially counterbalanced
by a decrease in demand for heating systems during mild
winter due to the global warming. Moreover, the mitigat-
ing effects of measures to reduce air pollutant emissions
have to be considered [69].

Projection about the effects of climate change on
health-related air pollution is hampered by several limits:
future emissions depend on numerous factors, such as
population growth, economic development, energy use
and production; current knowledge about the effects of
weather on air pollution is still unsatisfactory; there is still
a need for better emission inventories and observational
datasets; long-term effects and actual enforcement of
international agreements to reduce air pollution and
greenhouse gases emissions (e.g. the Kyoto protocol) are
unpredictable.

How does climate change influence allergenic pollen?

Plant species require a certain amount of heat to complete
their development; then air temperature plays a key role,
together with other factors, such as day-length, water and
nutrients availability, and soil type. An increasing amount
of evidence from all over the world shows that the timing
of life cycle events of a large number of species have
responded to the observed increase in the earth’s tempera-
ture. Changes also involve plants producing allergenic
pollen, with expected consequences on atopic population
[70]. Data provided by 30 years of observations within the
International Phenological Gardens network showed that
spring events advanced by 6 days, the highest rate of
phenological change being observed in western Europe
and the Baltic regions [83]. Conversely, phenological
trends appear to be different along the eastern border of
Europe, sometimes showing a 1–2-week later start of the
phases [84]. An earlier start of the season was confirmed
in studies focused on allergenic plants, such as birch, [85,
86] mugworth [87], Urticaceae [88] grass [89, 90] and
Japanese cedar [91], even if different methods and differ-
ent lengths of datasets have been used. Because of the
earlier onset, the pollen seasons are more often inter-
rupted by adverse weather conditions in late winter/early
spring.

Duration of the pollen season is also extended, espe-
cially in summer and in late-flowering species [92]. There
is evidence of significantly stronger allergenicity in pollen
from trees grown at increased temperatures [93, 94].

Increasing CO2 and temperature seem to induce sub-
stantial increases in pollen production from ragweed in
experimental conditions [95–98]. The same results were
obtained in a study of ragweed plants growing in urban
and rural areas, providing an elegant ‘natural’ model for
evaluating the possible effects of global warming [99].

More recently, Singer et al. [100] showed that Amb 1
concentration in ragweed pollen increased as a function
of CO2 concentration even if the well-demonstrated dif-
ferences in allergenic content among and within ragweed
populations have to be taken into account [101].

The observed long-term changes in the large-scale
atmospheric circulation have an impact on wind patterns
[2]. These changes might contribute to increase the
occurrence of episodes of long-distance transport of new
allergenic pollen, as shown in the case of ragweed in
central Italy [102, 103].

Although updated and exhaustive maps are still lack-
ing, the distribution of allergenic plants in Europe seems,
in part, changed in recent years. The cases of grass and
ragweed are explanatory. Grass pollen is responsible for a
high percentage of pollinosis world-wide and variations
in total pollen count have been observed in the last
decades [88, 104]. The analysis of the UK time series of
aerobiological data, the longest in the world, showed a
decreasing trend in terms of yearly grass pollen counts
and a severity of pollen season and an earlier start of the
season. However, there are remarkable differences be-
tween the three study sites (Cardiff, London and Derby),
underlining the role of local determinants (such as cli-
mate), plants adaptation (i.e. tolerance to environmental
factors), changes in land use, changes in species and
effects of air pollutants [88]. Since allergenic pollen
counts are usually provided by urban traps, it can be
argued that the observed reduction in grass pollen levels
in some European regions can be induced by the rapid
growth of urban areas.

From a wider point of view, the trend at an urban level
could be counterbalanced by the effects of global warm-
ing and increased CO2 concentration, which are thought
to favour, for example, a northward expansion of some
species of grasses [105].

Since the last decades of the 19th century, ragweed has
become increasingly important from an allergological
point of view, covering large areas of Central and Eastern
Europe [8]. In the eastern countries the expansion of
ragweed seems to be associated with major socio-
economic transitions rather than with climate change.
This observation could be explained by the increase in
areas of disturbed land (suitable for ragweed proliferation)
that occurred during the inception and collapse of
communism [106].

Even if an increasing number of observations show that
global warming is affecting all phases of plant develop-
ment, there are still uncertainties about the effects on the

�c 2008 The Authors
Journal compilation �c 2008 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 38 : 1264–1274

1268 G. D’Amato and L. Cecchi



start, length and end of the pollen season of allergenic
plants. The numerous papers published on this topic
showed the effects to be different for each plant and
geographical area under study. Also biological and socio-
economic factors play a role. Moreover, only a few
experimental studies reported an increase in pollen aller-
genicity in a CO2-enriched environment [107], represent-
ing this as a key topic to be developed in the next decade.
In addition, the lack of complete European maps of
allergenic plant distribution makes a thorough projection
of changes very challenging.

Possible changes in airborne allergenic pollen levels in
Europe in the next decades are shown in Table 2, includ-
ing the effects that they may have on the allergic popula-
tion.

What might the effects of climate change be on respiratory
allergic diseases?

Several factors make the projection very challenging in
this field. Firstly, climate change scenarios are based on
models, which try to represent the evolution of the atmo-
spheric behaviour according to some defined socio-
economic global projections. However, such models are
not able to represent small-scale dynamics, limiting these
applications. Since slight increases in the earth’s tempera-
ture seem to have a dramatic effect on living organisms,
slight differences in the magnitude of global warming
might substantially change our pre-visions on the effects
on human health [2]. Secondly, changes in health-related
pollen and pollutants are difficult to predict, as discussed
above. Finally, trends of world-wide asthma prevalence
are still unclear, being different in developing and in
industrialized countries. The so-called ‘hygiene hypoth-
esis’ seems nowadays a reasonable explanation for the
increase in allergic diseases [108, 109] even if evidence
supporting the link between ‘higher hygiene’ and increase
of atopy and asthma prevalence is still inconclusive [110].
One of the cornerstones of this hypothesis is the inverse
relationship between asthma prevalence and clinical or

sub-clinical occurrence of viral and bacterial infections,
especially involving the gastrointestinal tract; according
to the current view, gastrointestinal infections might
represent a marker of microbial exposure [111–113]. Given
the expected increase in the burden of diarrhoeal diseases
[70], one might speculate that climate change will indir-
ectly contribute to increase the protective effect of micro-
bial exposure. However, there is no conflict between the
role of hygiene hypothesis and air pollution in explaining
increased asthma.

Recent epidemiological studies showed the negative
role of urban air pollution on lung development [23, 24,
26–28], shedding light on a possible additional explana-
tion for the increase of asthma prevalence. In this view,
studies on the effects of climate change on urban air
pollution episodes are of particular interest.

The influence of climate change on symptoms of
respiratory allergy is still unpredictable. Two opposite
effects could be relevant. On the one hand, global warm-
ing could increase the length and severity of the pollen
season and, as a consequence, of pollen allergy. Moreover,
the increase in the occurrence of heavy precipitation
events, as predicted by recent climate change scenarios
[1], could make episodes of asthma epidemics more
frequent. Finally, the overall effects on health-related air
pollutants seem favourable to an increase in urban air
pollution episodes. On the other hand, increases in the
earth’s temperature could reduce the effects of cold air on
asthma and rhinitis, also making patients less susceptible
to upper respiratory infections (Fig. 1).

Conclusions and future directions

Among the factors implicated in the recent ‘epidemic’ of
bronchial asthma are indoor and outdoor air pollution in
most industrialized countries.

It is not easy to evaluate the effects of single air
pollutants because there are limitations for each type of
study (laboratory exposure study, time-series analysis of
changes in asthma mortality or morbidity, cross-sectional

Table 2. Expected changes in airborne allergenic pollen levels and allergenic plants distribution in Europe

Effects of climate change Pollen involved
Expected impact
on atopic patients

Earlier start of pollen season
(western and Baltic Europe)

Mugworth [87], pellittory [88],
grass [89, 90], birch [85, 86]

Negative

Extended duration of pollen season Summer and late flowering species [92] Negative
Increase of long-distance episodes Ragweed [102, 103] Negative
Increased pollen allergenicity Ragweed [100] Negative
Increased pollen production Ragweed [95–98] Negative
Effects of socio-economic factors

Changes in land use Grass [89, 105] Unchanged�

Socio-economic transitions Ragweed [106] Negative

�See text.
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study of comparison of different geographical areas). For
example, laboratory exposure frequently uses a single
pollutant: this is different from real-life urban exposure.
However, urbanization with its high levels of vehicular
emissions and westernized lifestyles parallels the increase
in respiratory allergy in most industrialized countries, and
people who live in urban areas tend to be more affected by
the disease than those in rural areas. In atopic subjects,
exposure to air pollution increases airway responsiveness
to aeroallergens and pollinosis seems to be a good model
with which to study the interrelationship between air
pollution and respiratory allergic diseases.

Pollen grains and plant-derived paucimicronic compo-
nents carrying antigens can produce allergic respiratory
symptoms. By adhering to the surface of these airborne
allergenic agents, air pollutants could modify their anti-
genic properties. Several factors influence this interaction,
i.e., type of air pollutant, plant species, nutrient balance,
climatic factors, degree of airway sensitization and
hyperresponsiveness of exposed subjects. However, the
damage of airway mucous membranes and the impaired
mucociliary clearance induced by air pollution may facil-
itate the penetration and the access of inhaled allergens to
the cells of the immune system, and so promote airway
sensitization. Consequently, an increased IgE-mediated
response to aeroallergens and enhanced airway inflam-
mation favoured by air pollution could account for the
increasing prevalence of allergic respiratory diseases in
urban-polluted areas.

It is not easy to evaluate the impact of air pollution on
the timing of asthma exacerbations and on the prevalence
of asthma in general, because concentrations of airborne
allergens and air pollutants are frequently increased
contemporaneously. However, an enhanced IgE-mediated
response to aeroallergens and enhanced airway inflam-
mation could account for the increasing frequency of
respiratory allergy.

Pollen allergy is frequently used to study the interrela-
tionship between air pollution and respiratory allergy.
Climatic factors (temperature, wind speed, humidity,
thunderstorms, etc.) can affect both components (biologi-
cal and chemical) of this interaction. By attaching to the
surface of pollen grains and of plant-derived particles of
paucimicronic size, components of air pollution could
modify not only the morphology of these antigen-carry-
ing agents but also their allergenic potential. In addition,
by inducing airway inflammation, which increases airway
permeability, pollutants overcome the mucosal barrier
and could be able to ‘prime’ allergen-induced responses.

Much remains to be studied by using biological, genet-
ical, epidemiological and clinical approaches to air pollu-
tion [15, 114–117]. However, public health approaches to
decrease the exposure of citizens to air pollution must be
implemented (Table 3).

As for the last point, it is important to consider that,
unfortunately each year several hectares of woods are
destroyed by fires, predominantly in the Mediterranean
area and frequently in a voluntary way: a crime against

Positive
effects 

Negative

effects 

• Earlier start, increase of 
length and intensity of 
pollen season  
• Increase of pollutants 
levels 
• Increase of heavy 
precipitation events (e.g. 
thunderstorms) 

• Increased occurrence of 
episodes of long distance 
transport of pollen and 
pollutants

• Reduced susceptibility to 
upper respiratory infections 
(due to increase in winter 
temperature)

Fig. 1. Possible effects of climate change on patients affected by respiratory allergy (see text).

Table 3. Public preventive measures to decrease the effects of environmental factors affecting respiratory allergic diseases

Measures to decrease population exposure
Encouraging policies to promote access to non-polluting and sustainable sources of energy, reducing use of fossil fuels
Controlling vehicle emissions
Reducing the private traffic in towns, improving public transport and favouring pedestrian traffic
Planting non-allergenic trees in cities
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the nature. Of course, these fires and the reduced woods
are responsible for an increased greenhouse effect.

Moreover, although there is no general agreement,
increasing the antioxidant defences of the human airways
by eating antioxidant food should be implemented
[118–121].

Governments world-wide and international organiza-
tions such as the World Health Organization and the
European Union are facing the growing problem of
respiratory effects induced by gaseous and particulate
pollutants arising from motor vehicle emissions.

It is hoped that a greater awareness of the health effects
of DEP will encourage a reduction of diesel engine use
and/or scientists to find technologies that are able to
substantially decrease the release of exhaust particles.
Unfortunately, a sudden change in fossil fuel emission is
extremely unlikely and we will have to face the unhealthy
effects of particulate matter for a long time. Fortunately,
the issue of greenhouse gases seems to be at a turning
point. The last release of the IPCC stated that climate
change is very likely due to human activity, according to
an impressive amount of data published in the last few
years [1] and policy makers now seem to take into greater
consideration preventive measures (like the Kyoto proto-
col) and alternative energy sources. Desirable positive
effects of these measures may be achieved in the following
decades, but global temperature will continue to increase
in the short term.
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