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Air pollution generated from motor vehicle exhaust has be-
come a major cause for scientific and public concern world-
wide over recent years. The rapid and marked increase in the
motor vehicle traffic and its associated emissions in urban ar-
eas have paralleled a sharp increase in the prevalence of aller-
gic diseases such as asthma and rhinitis. Epidemiological
studies have demonstrated a strong association between peo-
ple living in close proximity to roads with high traffic density
and increased allergic symptoms, reduced lung function and
increased sensitization to common aeroallergens. Several
laboratory-based studies have demonstrated that pollutants
emitted from motor vehicles can induce allergic inflamma-
tion and increase airway hyperresponsiveness, which may
provide an underlying mechanism for the increasing preva-
lence of allergic diseases. Although the detrimental effects of
air pollution on human health have been brought to public at-
tention, it appears that less attention has been given to the po-
tential role of road traffic fumes in the induction of the
allergic state. Legislators should consider pollutants emitted
from motor vehicle exhausts as a potential pro-allergic haz-
ard, before making important changes in environmental pol-
icy.
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Pollution de l’air par des particules en suspen-
sion provenant des véhicules à moteur : un dan-
ger pro-allergique putatif ?

RÉSUMÉ : La pollution de l’air générée par les gaz d’échappe-
ment des véhicules à moteur est, depuis ces dernières années, de-
venue un sujet de préoccupation important pour les scientifiques
et la population du monde entier. L’augmentation marquée et ra-
pide de la circulation de véhicules à moteur et de leurs gaz d’é-
chappement dans les zones urbaines est parallèle à
l’augmentation significative de la prévalence des maladies aller-
giques comme l’asthme et la rhinite. Les études épidémiologi-
ques ont démontré une forte association entre le fait d’habiter
près des routes à forte densité de circulation et une augmentation
des symptômes d’allergie, une diminution de la fonction pulmo-
naire et une augmentation de la sensibilisation à des aéroallergè-
nes courants. Plusieurs études de laboratoire ont démontré que
les polluants émis par les véhicules à moteur peuvent induire une
inflammation d’origine allergique et provoquer une hyperréacti-
vité bronchique, qui pourraient fournir un mécanisme sous-ja-
cent à l’augmentation de la prévalence des maladies allergiques.
Bien que l’on ait sensibilisé la population aux effets nocifs de la
pollution de l’air sur la santé humaine, on s’est moins attardé sur
le rôle potentiel des gaz d’échappement provenant du trafic rou-
tier comme déclencheur de l’état allergique. Les législateurs de-
vraient considérer les polluants émis par les gaz d’échappement
des véhicules à moteur comme un danger pro-allergique poten-
tiel avant de modifier en profondeur les politiques environne-
mentales.
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Air pollution is currently the subject of widespread de-

bate in the scientific, political and social arenas. In the

past, the effects of air pollution on human health were

brought to public notice by major environmental incidents

such as the London smog episode of 1952, in which over

4000 people died over a two-week period (1), and similar

episodes before that, in the Meuse Valley of Belgium in 1930

(2) and in Donora, Pennsylvania in 1948 (3). These episodes

was followed by the introduction of Clean Air Acts in the

United Kingdom in 1956 and 1968, and in the United States

in 1955 and 1963, which led to significant decreases in the

levels of traditional pollutants (carbon black and sulphur di-

oxide).

However, over the past four decades the global vehicular

fleet has increased 10-fold, leading to the generation of

newer forms of air pollutants, in particular, ozone precursors,

(such as oxides of nitrogen), volatile organic compounds,

particulate matter, nitrogen dioxide, benzene, aldehydes,

1,3-butadiene and polyaromatic hydrocarbons (4). Estimates

by the United Nations indicate that over 600 million people

living in cities and towns around the world are exposed to un-

healthy and dangerous levels of motor vehicle generated air

pollutants (5). The number of vehicles is further expected to

double over the next 20 to 30 years when the levels of these

pollutants are predicted to increase even further. This rapid

and marked expansion in motor vehicle traffic and its associ-

ated emissions have paralleled a worldwide increase in the

prevalence of allergic diseases such as asthma and rhinitis.

While genetic factors are important in the development of al-

lergy, this rapid increase over the past two decades can only

be explained by changes occuring in the environment, be it in

the dwellings in which we live, the food we eat or the air we

breathe (6). There is evidence to suggest that the rising levels

of air pollutants may at least partly explain the increase in the

prevalence of allergic diseases from motor vehicles (7,8).

EPIDEMIOLOGICAL EVIDENCE FOR
AIR POLLUTION FROM MOTOR VEHICLES

AND ALLERGY
Among the various pollutants emitted from motor vehicle

exhausts, particulate matter has generated major scientific

and public concern (9). Although the sources of particulate

matter vary from place to place and time to time, the largest

single source of airborne particulate matter is that derived

from diesel exhaust. This increase is not only because of a

sharp increase in the number of diesel vehicles, but also be-

cause of the large amount of particles generated from diesel

engines. Diesel vehicles emit up to 100 times more particles

than those released from catalyst-equipped gasoline cars of

corresponding performance (10).

Epidemiological studies in several countries have investi-

gated the relationship between exposure to outdoor traffic-

related pollutants and respiratory health of potentially vul-

nerable groups by using three main types of exposure indica-

tors: proximity of residence to main roads with heavy traffic,

estimates of traffic density and modelled pollution level. Ear-

lier studies in Japan by Ishizaki et al (11), Yokoyama et al

(12) and Ono et al (13) have shown that people living close to

main roads with heavy traffic suffered more respiratory

symptoms and allergies than those living further away. Stud-

ies carried out in The Netherlands (14,15) and Canada (16)

have reported increased respiratory symptoms and reduced

lung function in those children living in close proximity to

roads with high traffic density, which positively correlated

with the levels of particulate matter in the ambient atmos-

phere. Asthmatic children, in particular, appear to be more

susceptible to the adverse effects of particles than healthy

children (16). Similar studies carried out in the United King-

dom (17) have demonstrated comparable findings. In gen-

eral, children living or studying close to main roads suffer

greater symptoms of cough and wheeze, show lower lung

function measurements and increased bronchial hyperre-

sponsiveness to methacholine compared with children living

or studying further away (18-20). Children living in a highly

polluted city of northern Bohemia in the Czech Republic

have been shown to have chronically depressed lung function

(21). Asthmatic patients, in particular, appear to be more vul-

nerable to the adverse effects of polluted air (22).

However, a number of studies have failed to show a clear

association between respiratory symptoms and treatment of

asthma, and the proximity of residence to main roads with

heavy traffic (23,24). Recently, Brunekreef et al (25) re-

ported that children living in six areas located near major

motorways in The Netherlands showed increases in respira-

tory symptoms and decreases in lung function measure-

ments, with the largest decrease seen in those living within

100 m from the motorways (25). This decrease correlated

significantly with truck traffic density but not with automo-

bile traffic density. Similar results have been obtained from

school children in Germany (26) and Italy (27), and from

women residing in Tokyo (28). In Germany, Wjst et al (19)

found no association between mean daily traffic volume in

school districts and the lifetime prevalence of asthma in chil-

dren aged nine to 11 years, but they did find an increased

prevalence of breathlessness and reduced respiratory func-

tion with increased level of road traffic. A significant positive

association has been shown between self-reported truck traf-

fic and self-reported prevalence of wheezing and allergic

rhinitis among secondary school-aged children (26) and ado-

lescents (29), although possible reporting bias may be a par-

ticular problem with these studies.

Some authors have used modelled estimates of common

motor vehicle-generated air pollutants at residence as mark-

ers of exposure to traffic-related pollutants. By using this ap-

proach, Pershagen et al (30) found an excess risk of

hospitalization for wheezing illness in relation to time-

weighted mean outdoor nitrogen dioxide exposure. Recently,

Boezen et al (31) demonstrated that, in children with bron-

chial hyperresponsiveness and high levels of serum total im-

munoglobulin (Ig) E, the prevalence of respiratory symptoms

increased up to 139% for every 100 �g/m
3

increase in air-

borne particulate matter. Also, the large European Union-

funded Small Area Variations in Air Quality and Health

(SAVIAH) study has provided additional information on
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modelled estimates of nitrogen dioxide and sulphur dioxide

on a small-area scale (as a proxy for traffic-related pollut-

ants), and prevalence of wheezing symptoms and asthma

among school-aged children (32). No significant associa-

tions were found between the estimated outdoor air pollution

at the residence of the child and respiratory symptoms. Al-

though the SAVIAH study stands out as an original approach

to the investigation of chronic health effects of traffic-related

pollution and particularly of those aspects relating to expo-

sure at a population level, a number of methodological flaws,

such as the limited nature of the health assessment based on

parent recall of symptoms by questionnaire, limit its interpre-

tation.

Recently, several east-west comparisons of the preva-

lence of atopic diseases have shown a higher prevalence of

hay fever and a higher prevalence of positive skin-tests to

common allergens in school children living in Western

Europe than in those living in Eastern Europe (33,34). A pos-

sible explanation is that living conditions in the west, in par-

ticular air pollution from automobile exhaust, may be

responsible for an increased prevalence of atopy. Other stud-

ies have compared the prevalence of atopy in populations liv-

ing in urban and rural areas. The second National Health and

Nutrition Examination Survey (35) has shown a higher

prevalence of skin test reactivity in white Americans living

in urban than those living in rural areas (35). High levels of

specific IgE were found in 43.7% of urban and 32.6% of the

rural probands, a difference that was statistically significant

(36). In Sweden, Braback et al (37) demonstrated that 31% of

the urban, but only 19% of the rural school children were

atopic. Although road traffic pollution from automobile ex-

hausts may be implicated as a risk factor for atopic sensitiza-

tion, there is little published evidence to support this view.

Polosa et al (38) have recently reported an increase in the

proportion of positive cutaneous IgE-mediated responses in

234 traffic wardens with a well defined occupational history

of exposure to road traffic fumes. In addition, when statisti-

cal analysis was restricted to nonsmokers, the difference was

more evident.

MECHANISMS OF DIESEL EXHAUST-INDUCED
INCREASED ALLERGIC RESPONSES

The mass median diameter of particles emitted from die-

sel exhaust particles (DEPs) are approximately 0.2 �m, with

90% of particles being less than 1 �m by mass and 80% being

approximately 0.1 �m (10,39). These small particles, by vir-

tue of their greater surface area to mass ratio, can carry a

much larger fraction of toxic compounds such as polyaro-

matic hydrocarbons and their derivatives, along with several

transition metals on their surface. Estimates indicate that as

many as 18,000 different combustion products may be ad-

sorbed onto DEPs (40).

Particle deposition studies have demonstrated that parti-

cles smaller than 2 �m in diameter show a clear tendency to

achieve greater peripheral deposition than those greater than

2 �m in diameter (41). Regional deposition dose or local tis-

sue burdens can vary significantly between individuals, even

when total lung deposition values are comparable. It is,

therefore, possible that particle burdens could reach thresh-

old limits at local lung regions under exposure conditions

that are normally acceptable, particularly in individuals with

compromised lungs (42).

A few studies have addressed the immunological effects

of road traffic pollution on the allergic response in humans.

Most in vivo studies have looked into the effects of DEPs on

the nasal mucosa. Nasal instillation of DEPs in atopic human

subjects has been shown to be associated with a 25-fold in-

crease in IgE mRNA and a fivefold increase in IgE levels in

nasal lavage (43). DEPs induce proliferation of IgE secreting

B cells as well as in vivo IgE isotype switch, thereby eliciting

both a quantitative and qualitative increase in IgE production

(43-45). Instillation of DEPs induces upregulation of cyto-

kine mRNA for interleukin (IL)-2, IL-4, IL-5 and

granulocyte-macrophage colony-stimulating factor (GM-

CSF) in airway tissue (46), and, when instilled with ragweed

in ragweed atopic subjects, induces more than a 50-fold in-

crease in the allergen-specific IgE levels compared with in-

stillation of either ragweed or DEP challenge alone (47).

DEPs also associated with increased expression of mRNA

for the cytokines IL-4, IL-5, IL-6, IL-10 and IL-13, and re-

duced expression of interferon-gamma mRNA production,

suggesting that increased IgE production following DEP ex-

posure is associated with the upregulation of T helper cell-2

specific cytokines. Peripheral blood mononuclear cells ob-

tained from atopic subjects and cultured with DEP in vitro

have been shown to increase IgE secretion and the number of

IgE secreting B cells (48). In vitro studies on purified human

tonsillar B cells cultured with volatile organic compound ex-

tracts from DEPs have demonstrated increased IgE produc-

tion in the presence of costimulatory molecules such as IL-4

and CD40 (44). It has recently been demonstrated that DEPs

can induce primary sensitization to a neoantigen in the hu-

man nasal mucosa by stimulating a de novo mucosal IgE re-

sponse (49). Topical fluticasone treatment, which is effective

in blocking local effects of allergen exposure, is unable to in-

hibit the adjuvant-like effects of DEPs (50). Terada et al (51)

have recently demonstrated that DEPs upregulate the expres-

sion of histamine H1 receptor mRNA in human airway

epithelial and endothelial cells, and enhance histamine-

induced increase in IL-8 and GM-CSF production in vitro.

Upregulation of histamine H1 receptors is an important fac-

tor associated with nasal and bronchial hyperresponsiveness,

features characteristic of allergic rhinitis and bronchial

asthma, and may, therefore, help to explain the increased in-

cidence of asthma and rhinitis observed during particulate

pollution episodes.

Intraperitoneal injection of DEPs has been reported to in-

crease the IgE response to ovalbumin and to Japanese cedar

pollen (52,53). DEPs inoculated by the intranasal route act as

an adjuvant activity for IgE production in mice (54). Coad-

ministration of DEP with antigen has been shown to increase

significantly the levels of IL-4 in the mediastinal lymph

nodes of mice compared with instillation of antigen alone

(55). Similarly, levels of the T helper cell-1 cytokine
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interferon-gamma have been reported to be three times lower

in the cervical lymph nodes following DEP and antigen chal-

lenge than with antigen alone (56). Recently, the carbon core

of the DEPs has been shown to have a significant adjuvant ef-

fect on the local immune-mediated inflammatory response as

well as on the systemic specific IgE response to allergen (57),

while the polycyclic aromatic hydrocarbons present in the

DEP promote greater epsilon-RNA transcription and transla-

tion (44). DEPs have been reported to have an adjuvant activ-

ity in the production of IgE and IgG1 antibodies against Der-

matophagoides farinae in mice immunized intranasally with

mite allergen (58). Coadministration of DEPs with antigen in

mice increased IL-5 protein levels up to eightfold in lung tis-

sue and bronchoaveolar lavage supernatants compared with

either antigen or DEPs alone (46). Administration of a sus-

pension of DEPs into nasal cavities has been shown to induce

nasal mucosal hyperresponsiveness to inhaled histamine in

guinea pigs, along with a significant increase in vascular per-

meability (59). IL-4 and IL-6 production from mouse bone

marrow-derived cultured mast cells was greatly increased

when the cells were inoculated with allergen and DEPs com-

pared with mast cells innoculated with allergen alone (60).

Phenanthere, a major component of DEPs, has been shown to

induce a threefold increase in IgE production associated with

increased expression of total IgE mRNA in B cells in vitro

(61). Acid sulphates present in diesel exhaust have recently

been shown to increase airway hyperresponsiveness and im-

pair mucociliary clearance (62). Recently, it has been dem-

onstrated that DEPs by the oral ingestion route also act as

mucosal adjuvants in enhancing both gut and systemic aller-

gic immune responses, which could contribute to the devel-

opment of food allergy (63).

Diesel exhaust particles have been shown to adsorb sev-

eral antigens, such as ovalbumin and the grass pollen major

allergen Lolp-1, onto their surface (52,64) and, therefore, act

as potential carriers of allergens, increasing their deposition

in the respiratory tract. Thus, DEPs not only enhance the anti-

genicity of the allergen (65) but also increase the allergen

dose reaching the lungs.

Short term inhalation of DEPs has been shown to in-

crease the numbers of neutrophils in the bronchial epithe-

lium, submucosa, airway lavage and peripheral blood of

healthy human subjects (66). This is mediated by enhanced

gene transcription and protein production of the chemoki-

nes IL-8 and growth-related oncogene-� by bronchial

epithelial cells (67). Ultrafine particles present in diesel ex-

haust generate reactive oxygen species that activate the

transcription factor nuclear factor-kappa B to induce gene

transcription of several proinflammatory mediators (68).

Phagocytosis of PM10 by alveolar macrophages has been

shown to stimulate the release of polymorphonuclear leu-

kocytes from bone marrow (69). Intratracheal administra-

tion of particles has been shown to aggravate allergen-

induced airway inflammation involving eosinophils, lym-

phocytes and mucus producing cells (46). These cells are

believed to play a major role in the pathogenesis of allergic

airway diseases. PM10-induced enhanced allergic responses,

therefore, appear to be mediated by the generation of various

proinflammatory mediators.

CONCLUSIONS
The rapid increase in the prevalence of allergic diseases

may be explained by changes occurring in the environment.

Epidemiological studies indicate that the sharp rise in air pol-

lution from motor vehicles may be considered an important

risk factor for this increase. Laboratory data support the hy-

pothesis that pollutants emitted from motor vehicle exhausts

play a role in the long term increases in the prevalence of aller-

gic airway diseases. Although the detrimental effects of air

pollution on human health have been brought to public atten-

tion, it appears that less attention has been given to the poten-

tial role of road traffic fumes in the induction of the allergic

state. Pollutants that enhance the airway allergic antibody re-

sponse can be now identified, and appropriate measures can be

taken to decrease the levels of these compounds in our cities.

Thus, legislators should seriously consider pollutants emitted

from motor vehicle exhausts as a potential pro-allergic hazard

before making important changes in environmental policy.
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