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The role of outdoor air pollution and climatic
changes on the rising trends in respiratory allergy
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Evidence suggests that allergic respiratory diseases such as hay fever and bronchial asthma have become more
common world-wide in the last two decades, and the reasons for this increase are still largely unknown. A major
responsible factor could be outdoor air pollution, derived from cars and other vehicles. Studies have demonstrated
that urbanization and high levels of vehicle emissions and westernized lifestyle is correlated with the increasing
frequency of pollen-induced respiratory allergy. People who live in urban areas tend to be more affected by pollen-
induced respiratory allergy than those from of rural areas.

Pollen allergy has been one of the most frequent models used to study the interrelationship between air pollution
and respiratory allergic diseases. Pollen grains or plant-derived paucimicronic components carry allergens that can
produce allergic symptoms. They may also interact with air pollution (particulate matter, ozone) in producing these
effects. There is evidence that air pollutants may promote airway sensitization by modulating the allergenicity of
airborne allergens. Furthermore, airway mucosal damage and impaired mucociliary clearance induced by air
pollution may facilitate the access of inhaled allergens to the cells of the immune system. In addition, vegetation
reacts with air pollution and environmental conditions and influence the plant allergenicity. Several factors
influence this interaction, including type of air pollutants, plant species, nutrient balance, climatic factors, degree of
airway sensitization and hyperresponsiveness of exposed subjects.
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Introduction

Several studies have shown the adverse effects of ambient
air pollution on respiratory health (1-8). Allergic respira-
tory diseases such as hay fever and bronchial asthma have
indeed become more common in the last decades in all
industrialized countries (9,10) and the reasons for this
increase are still debated. However, despite evidence of a
correlation between the increasing frequency of respiratory
allergy and the increasing trend in air pollution, the link
and interaction is still speculative. Interpretation of studies
are confounded by the effect of cigarette smoke, exposure
to indoor pollutants and to outdoors and indoors allergens.
Another factor clouding the issue is that laboratory
evaluations do not reflect what happens during natural
exposure when atmospheric pollution mixtures are inhaled.
As a consequence, even if it is plausible that ambient air
pollution plays a role for the onset and increasing frequency
of respiratory allergy, it is not easy to prove this
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conclusively. In addition, it is important to recall that an
individual’s response to pollution exposure depends on the
source and components, as well as climatic factors. Indeed,
some air pollution-related incidents with asthma aggrava-
tion do not depend only on the increased production of air
pollution but rather on climatic factors that favour the
accumulation of air pollutants at ground level. A study
from The Netherlands (7) demonstrated that children with
atopy and bronchial hyper-responsiveness are at risk of
increased symptoms during episodes of air pollution .The
children with bronchial hyper-responsiveness and high
levels of serum total IgE had an increase in respiratory
symptoms up to 139% for every 100 megm ~> increase in
particulate matter. However, a potential confounding
factor is the content of allergen in air during most of these
episodes. There is evidence that living near roads with high
levels of car traffic is associated with impaired respiratory
health, since road traffic with its gaseous and particulate
emissions is currently, and is likely to remain, the main
contributor to air pollution in most urban settings. For
every 100km a car emits a mean value of about 1kg of
pollutants into the atmosphere . Air pollution is convin-
cingly associated with many signs of asthma aggravation
(increased bronchial hyper-responsiveness, visits to emer-
gency departments, hospital admissions, increased use of
medication) (2,8). Moreover, sensitive techniques to analyse
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TaBLE 1. Rationale for the inter-relationship between agents of air pollution and allergens in inducing respiratory allergy

—  Components of air pollution can interact with pollen grains, leading to an increased release of antigens characterized by

modified allergenicity.

—  Components of air pollution can interact with allergen-carrying paucimicronic particles some derived from plants and
which are able to reach the peripheral airways with inhaled air, inducing asthma in sensitized subjects.

—  Components of air pollution, especially ozone, particulate matter and sulphur dioxide, have an inflammatory effect on
the airways of exposed, susceptible subjects, causing increased permeability, easier penetration of pollen allergens in the
mucous membranes and easier interaction with cells of the immune system. There is also evidence that predisposed
subjects have increased airway reactivity induced by air pollution and increased bronchial responsiveness to inhaled

pollen allergens.

—  Components of air pollution, in particular diesel exhaust particles, have and adjuvant immunologic effect on IgE

synthesis in atopic subjects.

time-series data have shown that there are clear adverse
effects on mortality rates from current levels of air pollution
(6,11,12). In a study of six U.S. cities, after adjusting for
some risk factors, a significantly increased mortality rate
ratio was found in the most polluted areas compared to the
least polluted city (11). Governments worldwide and
international organizations such as the World Health
Organization and European Union are facing a growing
problem of the respiratory effects induced by gaseous and
particulate pollutants arising from motor vehicle emissions.

The most abundant air pollutants in urban areas with
high levels of vehicle traffic are respirable particulate matter
(PMjp), nitrogen dioxide (NO,) and ozone (03). It is
estimated that more than 50% of the U.S.A. population
live in areas that exceed current National Ambient Quality
Standards for Oz, NO,, sulphur dioxide (SO,) and
particulates, as monitored by the U.S. Environmental
Protection Agency (1). In general, the effects of air
pollutants on lung function depends on the environmental
concentration of the pollutant, the duration of exposure
and the total ventilation of exposed persons.

Aeroallergens derived from pollen grains lead to bron-
chial obstruction in predisposed subjects and pollen allergy
is a frequent model used to study the interrelationship
between air pollution and respiratory allergy (13-16). In
other words, biological aerosols such as pollen grains
(17-19), paucimicronic components deriving from leaves
and stems (20) or ruptured pollen grains (21) act as
aerocontaminants and can induce symptoms in predisposed
subjects. They may interact with airborne contaminants
and it has been suggested that air pollutants may promote
airway sensitisation by modulating the allergenicity of
airborne allergens (14,22). There is also evidence that the
airway mucosal damage and the impaired mucociliary
clearance induced by air pollution may facilitate the access
of inhaled allergens to the immune system (14).

Interaction between air pollution and
allergenic vegetation

Vegetation reacts with air pollution over a wide range of
pollutant concentrations and environmental conditions.

Many factors influence the interaction, including type of air
pollutants, plant species, nutrient balance, soil conditions
and climatic factors.

At low levels of exposure for a given species and
pollutant, no significant effect is observed. However, as
the exposure level increases, a series of potential injuries
may occur such as alterations of plants (Table 1).

Components of air pollution can influence the plant
allergenic content. By affecting plant growth, air pollutants
can affect both the amount of pollen produced and the
amount of allergenic proteins contained in pollen. A study
showed that the pollen grains of plants stressed by air
pollution express enhanced levels of allergenic proteins (24).
Moreover, birch trees exposed to high levels of air
pollutants are characterized by higher level of birch pollen
antigen than pollen from birch trees, which grow in areas
with lower levels of air pollution (25).

It has been also observed that exposure to 100 ppb of
NO, adversely affect the germination of birch, alder and
hazel and altered their content of proteins, including
allergens. However, pollen grains collected from roadsides
with heavy traffic and from other areas with high levels of
air pollution, are covered with large numbers of airborne
microparticulates (usually less than 5 um), and it has been
suggested that the interaction between particulate compo-
nents of air pollution and pollen alters the antigenicity of
pollen allergens (22,23).

Despite shorter and less severe grass pollen seasons,
confirmed by lower pollen counts, the prevalence of
seasonal rhinitis and asthma has increased in some
European cities in recent years. In England the London
area have had a reduction in the length and severity of
pollen seasons over the last 30 years coupled with more
cases of pollen-related respiratory symptoms (26). A
possible explanation of this apparent contradiction is that
air pollutants have interacted with pollen grains to make
them more allergenic, rather than inducing or increasing
airway inflammation and reactivity in predisposed subjects.
Pollinosis patients can experience symptoms even out of the
pollen season, when there is no presence of a relevant
quantity of pollen grains and symptoms can be induced by
the same pollen allergens carried by airborne particles,
much smaller than pollen grains, deriving from allergenic
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plants (17-19). Some of these paucimicronic particles are
plant debris, such as fragments of leaves and stems (20).
However, during thunderstorms and after rupture by
osmotic shock, pollen grains may release tiny starch
granules of mean diameter less than 5pum which can be
responsible for epidemics of asthma attacks (21). Also
aeroallergens released by pollen grains can be transferred to
other small, non-biological particles of air pollution such as
those of the diesel exhaust particulate (DEP) acting as
biological aerocontaminants of the inhaled air, which can
penetrate deep into the airways inducing allergic symptoms
in sensitized subjects (27).

Air pollution-induced increase in
IgE-mediated response in predisposed
subjects

Of airborne particulate emissions, interest has focussed on
DEP because experimental studies showed that DEP can
modify the immune response in predisposed animals and
humans. In fact, DEP seems to exert an adjuvant
immunological effect on IgE synthesis in atopic subjects,
thereby influencing sensitization to airborne allergens (28).
The effects of DEP on IgE production have been studied
both in vivo and in vitro ( 29). DEP exerts its effects by way
of chemical agents, i.e. polyaromatic hydrocarbons, and it
has been observed that combined exhaust particulate and
ragweed allergen challenge markedly enhances human
in vivo nasal ragweed-specific IgE and skews cytokine
production to a T-helper cell 2-type pattern (30). A
pollutant such as DEP can influence the way a pollen,
once inhaled, is processed. In particular, T cell responses to
aeroallergens may be skewed in a Th2 direction in the
presence of pollutants such as DEP. In other words DEP
increases in vivo IgE and cytokine production at the human
respiratory mucosa, exacerbating allergic inflammation. We
hope that the new diesel engines are able to reduce DEP
emissions in atmosphere.

Air pollution-induced increase in
airway reactivity and impaired
respiratory health

Several studies have evaluated whether air pollution
exposure reduces the threshold dose of aeroallergens able
to induce airway responsiveness to the specific bronchial
challenge in sensitized subjects. The effect of previous
exposure to nitrogen dioxide or ozone on subsequent
allergen-induced changes in the nasal mucosa of subjects
affected by seasonal allergic rhinitis or perennial allergic
asthma has been investigated (2,31). The results suggest
that exposure to NO, and ozone may prime the eosinophils
to subsequent activation by inhaled antigen in atopic
subjects. Ozone induces inflammatory effects in upper and
lower airways favouring the migration in nasal and
bronchial mucosa of eosinophils, neutrophils, eosinophil
peroxidase, myeloperoxidase, eosinophil cationic protein

and other inflammatory mediators (2,31). Seltzer et al. (32)
have shown increased numbers of neutrophils and levels of
some prostaglandins in BAL fluids of subjects 3h after
termination of a 2-h exposure to 0-4 or 0-6 ppm Os. These
authors were also able to demonstrate an increase in airway
responsiveness to methacholine aerosol in the Oz-exposed
subjects. Koren et al. (33) have shown that a single O;
exposure (0-4ppm for 2h) induces an acute lung inflam-
matory response in humans as evidenced in BAL fluids by
increased levels of inflammatory cells and soluble factors
potentially capable of producing damage in the lower
airways.

Experimental studies on allergic asthmatics, using ozone
exposure or non-polluted air exposure before allergen
challenge showed an increased sensitivity to inhaled
allergens in subjects pre-esposed to ozone and not in pre-
exposed to non polluted air (34-36). In other words less
inhaled allergen was required to cause a decrease in forced
expiratory volume in 1s (FEV,) after ozone exposure.

As for the health effects of air pollution in subjects living
in polluted urban areas, both in U.S. (11-12) and in Europe
(37) an association of daily concentrations of particulates
and other components of urban air pollution (NO, and
SO,) and daily mortality has been found. However, the
mechanism through wich PM;, is related to respiratory
health is wunclear (38). In this context Seaton
et al. (39) hypothesized that fine particulate of urban areas,
penetrating deep into airways, is able to induce alveolar
inflammation which is responsible for variation in blood
coagulability and release of mediators which induce acute
episodes of respiratory and cardiovascular diseases. To
explain the acute respiratory effects associated with PM,
the same authors (39) hypothesize that some elements such
as transition metals in the particles damage airways
generating free radicals and that PM, mass concentration
serve as a proxy for these elements. In particular
responsibility for the adverse respiratory effects seems to
be iron, which is able to generate hydroxyl radicals (40—41).
Other transition metals (chromium, cobalt, copper, man-
ganese, nickel, titanium, vanadium and zinc) derived from
various urban or combustion source samples were also
correlated to radical activation and lung injury in animal
experiments (41-45).

Air pollution, climate changes and
pollen-related respiratory allergy

The quality and quantity of recent publications relating to
the cause and to the meteorological and ecological effects of
global warming (the greenhouse effect) are worthy testi-
mony to the scale of the problem which now faces the world
community. Estimates of the scale of the temperature rise
vary. Although it seems likely that a mean rise in the order
of 1-2°C have occurred in the world in the last 20 years,
with consequences on the vegetation. Predictions regarding
rainfall are less certain and it is virtually impossible to
predict changes relating to wind speed and direction.
Moreover, anticipating the ecological and agricultural



consequences of climatic change is highly problematic.
There is also the thorny question as to how increasing levels
of greenhouse gases and concomitant climate changes will
influence the frequency and severity of pollen-induced
respiratory allergy. A variety of direct and indirect evidence
suggests that climate changes may affect pollen release and
consequently pollen-related asthma. In fact, climate varia-
tions are likely to influence vegetation with consequent
changes in growth, reproductive cycle, and in the produc-
tion of allergenic pollen (seasonal period and intensity) with
greater proliferation of weed species.

Evidence has emerged that the flowering times of birch
trees in the U.K. (46) and of Parietaria in Southern Italy
(13,16) are getting notably earlier in response to the warmer
springs of recent years. Climate changes vary region to region.
Some areas will be subject to increases in ultraviolet radiation
and/or rainfall frequency and other areas to reductions.

However, the role of climatic factors such as barometric
pressure, temperature and humidity in the triggering and/or
exacerbation of respiratory allergic symptoms is still poorly
understood. For example, while the relationship between
thunderstorms and exacerbation of pollen allergy during
the pollen season has been demonstrated for some plant
species such as grasses, the relationship between respiratory
allergy and barometric pressure is not clear. Indeed, asthma
crisis have been linked not only with low atmospheric
pressure (47) but also with high pressure (48). Therefore,
more studies are required to clarify this issue.

We still have much to learn about the effects of other
climate factors which seem to be of major importance to
asthma crisis, e.g. wind speed and passage of cold fronts. It
is well known that the inhalation of cold air may induce
bronchoconstriction in asthmatics. Moreover, exercise in
polluted areas results in greater deposition in lower airways
of air pollutants such as particulate matter, including
particles carrying allergens. In fact, exercise increases oral
breathing, total ventilation and inertial impaction of
inhaled particles in the airways.

Moreover, ultraviolet radiations in the urban polluted
atmosphere favour the formation of ozone levels which are
highest in relation to elevated daytime temperatures, low
wind speeds and clear skies. This association is character-
istic of the Mediterranean area, California, and Central
(Mexico City) (49) and South America. All these regions
are plagued by high levels of car traffic, but there is also
observed an association between ozone and fatal asthma in
New York City (50). Ozone is the most important
component of the so-called ‘summer smog’ and is produced
by photochemical reactions induced by ultraviolet action
on atmospheric mixtures of NO, and hydrocarbons.

Exposure to increased atmospheric levels of ozone causes
decrements in lung function, increased airway reactivity to
non-specific and specific bronchoconstrictor agents and is
related to increased risk of asthma exacerbation in
susceptible asthmatic patients. It has been also observed
that ozone exposure has both a priming effect on allergen
induced responses as well as an intrinsic inflammatory
action in the nasal airways of allergic asthmatics (51).

Weather may affect levels of other pollutants commonly
related with asthma exacerbation (SO,, NO, and particu-

CLIMATIC CHANGES AND RESPIRATORY ALLERGY 609

late matter). In particular inversions of temperature are
usually associated with higher levels of particulate matter,
SOz and N02

Weather also exerts an indirect influence on allergic
respiratory responses by acting on plants producing
allergenic pollen (16,23). The influence of weather and air
pollution on vegetation occurs over a wide range of
environmental conditions and pollutant concentrations,
and various factors are involved: plant species, plant age,
soil conditions, nutrient balance, temperature, humidity
and sunlight. Some susceptible plant species will probably
not survive under great changes ecosystems.

Plants can absorb pollutants through the leaves or through
the root system. In the latter case, deposition of air pollutants
on soils can alter the nutrient content of soil in the proximity
of the plant thus leading to indirect or secondary effects of air
pollutants on vegetation. Metabolic variations, which
probably involve also photosynthesis, affect the plant’s
structural integrity and there are probably changes in the
pollen proteins, including those acting as allergens.

Due to heavy urban traffic with a high production of
photochemical smog and sunny days for most of the year,
the city of Naples provides an area to study the
interrelationship between components of air pollution and
pollen-derived allergens. The climate also favours the
pollination of Parietaria, which grows in abundance
throughout the city (16,52,53); indeed, about 30% of
Neapolitans are allergic to this plant and more than 50%
of these Parietaria pollen-allergic subjects experience
bronchial asthma or its equivalent symptoms. We have
observed that cases of pollen-induced respiratory disorders
tend to increase when there is a parallel increase in the
atmosphere of ozone, PM;q and Parietaria pollens. This
parallel increase usually starts in February and reaches its
peak in June or July, after which the production and release
of Parietaria pollen usually decreases while ozone and PM
remain high into the autumn. In addition, Parietaria pollen
and ozone reach their highest levels in morning. Parietaria
peaks earlier than ozone because of the time required for
the photochemical reaction to develop.

In an attempt to test the hypothesis regarding the
interaction between air pollution and pollen grains, we
examined the effect of various polluting agents (gas from
car powered by normal and catalized petrol, diesel car and
motorcycle) on the pollen of Parietaria, placing 150 mg of
this pollen in different tubes each filled with different
exhaust gas. After seven days the Parietaria pollen samples
at 5% weight/volume were extracted overnight. The
solutions were centrifuged and the surnatants collected
and filtered. The allergenic potency was determined by
RAST inhibition test. We found that exhaust emissions
from noncatalytic cars increased the allergenic potency of
Parietaria pollen as compared with exhaust emissions from
non-catalytic cars (16).

Conclusions

Over the past two decades there has been increasing interest
in studies of air pollution and its effects on human health.
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Although the role played by outdoor pollutants in allergic
sensitization of airways has yet to be clarified, a body of
evidence suggests that urbanization, with its high levels of
vehicle emissions and a westernized lifestyle are linked to
the rising frequency of respiratory allergic diseases seen in
most industrialized countries. In particular three studies
(11,54,55) have shown that people living in places with
higher pollution levels have a reduced life expectancy.
Pollinosis is a frequent disorder used to study the
interrelationship between air pollution and respiratory
allergy. Climatic factors (wind speed, temperature, humid-
ity) can affect biological and chemical components of this
interaction.

By attaching to the surface of pollen grains and of plant-
derived paucimicronic particles, pollutants can modify the
morphology of these antigen-carrying agents and alter their
allergenic potential. In addition, by inducing airway
inflammation, pollutants may overcome the mucosal
barrier and so ‘prime’ allergen-induced responses.

Fortunately, there is a considerable research activity and
interest from national governments and international
organizations to set new health-based air quality standards
to protect the public. It is of great importance to investigate
to what extent the use of alternative fuels or engine types
can reduce the formation of tropospheric ozone and the
production of other components of air pollution such as
respirable particulate. However, important decisions need
to be taken urgently by governments worldwide concerning
motor vehicle induced air pollution to reduce the future
costs of effects on health and on the environments.
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