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The constant increase in allergic diseases in western countries is correlated with changes in lifestyle
and with the deterioration of the air inhaled by the inhabitants because of the growing concentrations
of pollutant substances present. Within a population at risk, i.e., the inhabitants of cities, a group of
subjects at even higher risk was selected, whose job exposes them to automobile exhaust fumes for
many hours a day. All the study subjects underwent allergological screening and spirometry. The results
obtained show an overall increase of respiratory allergic diseases but no increased sensitisation to latex.
It therefore seems plausible that, besides social and lifestyle changes, the deterioration of the quality of
the air could be considered responsible, at least in part, for the growing numbers of allergic subjects.
This study offers an opportunity to reconsider the validity of the “hygiene hypothesis” as an explanation
for the increase of allergic disease in western countries, although recent reports have indicated that
a sedentary lifestyle may also contribute, together with environmental degradation, to the notably
increased prevalence of allergic diseases in large cities in industrialized nations.

In western countries, the growth of urban
agglomerates has not only caused profound
changes in lifestyle, but also a significant degree
of environmental degradation (1-4), together with
an increased incidence of allergic diseases. The
parallel, relatively recent rise in the volume of
road traffic seems to be the main cause of the
deterioration of the air quality in modern cities. The
most abundant atmospheric polluting substances in
cities are nitrogen dioxide (NO,), ozone (O,) and so-

called particulates (5). The rubber particles present
in the air in our cities, deriving from the friction of
tyres on the tarmac, must be added to this list (6-7).

Our study examined a sample of traffic wardens
in the city of Bari, who had directed the traffic for at
least 3 years, undergoing exposure for many hours
daily to automobile exhaust fumes and rubber tyre
particles, which could accumulate in the airways
and reach the sensitization threshold. In fact, if the
inhabitants in urban areas can be said to represent
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a population at higher risk of allergic sensitization,
then traffic wardens must be considered to be at the
top of this hypothetical relative risk scale.

In particular, our aim is to verify whether, in
subjects with exposure to atmospheric pollutants for
occupational reasons, there is a greater prevalence
of respiratory diseases of an irritant or aspecific
inflammatory nature, as well as a greater prevalence
of allergic respiratory diseases. In addition, we
wished to investigate whether aspecific disease is
a risk factor for allergic disease and, if so, what
allergens are implicated, as well as whether there is
any correlation between an increased sensitization
to a given pollen and any morphological alterations.
Finally, we wished to ascertain whether in such
a population there is an increased prevalence of
allergies, either respiratory or cutaneous, to rubber
latex.

MATERIALS AND METHODS

This study, conducted in collaboration with the
Institute of Occupational Medicine of Bari University
Hospital and thanks to the support of the Bari Municipality
and Municipal Police Headquarters, was carried out in a
sample of traffic wardens (study sample) and a sample of
office workers (controls); all the subjects worked for the
Municipality. The traffic warden group consisted of 103
subjects, 68 males and 35 females aged between 25 and
58 years (mean age 41.16 years), who had directed traffic
for at least 3 years. The control group consisted of 134
subjects, 49 males and 84 females aged between 28 and
64 years (mean age 46.93 years).

After giving informed consent to participate in the
study, all subjects completed a questionnaire about
personal, residential and occupational (present and past)
data, personal and family medical history, the reasons for,
and outcome of, any radiological examinations. Other
questions probed: any smoking habits; leisure activities;
symptoms over the last year suggestive of allergy and/or
bronchial obstruction and any reduction of the referred
symptoms after a change in the working environment
and exacerbation on return to the same environment;
occupational or non-occupational contact with rubber
articles; any history of previous surgical procedures; the
use of condoms; contact with the ficus Benjamin plant.

Skin Prick Test

A positive control (histamine, 10 mg/l) and a negative
control (glycerinated saline) with a standard panel of
allergens, Graminacea, Artemisia, Parietaria, Olive,

Cypress, Alternaria, Dermatophagoides pteronyssinus,
Dermatophagoides  farinae, Dog epithelium, Cat
epithelium (Merk-Allergopharma, Reinbek, Germany),
as well as rubber latex, using two commercial extracts
(Stallergenes, France and Alk-Abello, Madrid, Spain)
and the most common foods that cross-react with latex:
Banana, Kiwi, Avocado, Tomato, Passion Fruit (Merk-
Allergopharma), were administered and interpreted in
accordance with the European Academy of Allergology
and Clinical Immunology (EAACI) Sub-committee on
Allergen Standardization and Skin Tests. The response is
considered positive if the diameter of the wheal is more
than 3 mm bigger than a wheal provoked by the negative
control (8).

Radioallergosorbent Test (RAST)

To determine specific serum IgE titres for latex,
RAST was performed and evaluated according to the
manufacturer’s instructions, as was the CAP system
(Pharmacia, Uppsala, Sweden) (9). The values are
calculated as kKUA/L. Values are considered as follows:
<0.35 kUA/I - negative; between 0.35 and 0.7 - low;
between 0.7 and 3.5 - moderate; between 3.5 and 17.5
—high; between 17.5 and 50 — very high; >50 - extremely
high .

Spirometry

The subjects subsequently underwent pulmonary
function tests by spirometry. The forced expiratory
volume per second (FEV1) and the forced vital capacity
(FVC) were measured using a spirometer (Pony graphic,
Cosmed, Italy). The best value of the three manoeuvres
was expressed as a percentage of the predicted normal
value.

Statistical Analysis

SPSS Software was used for the statistical analyses.
The frequencies have been compared. P-values >0.05
were not considered statistically significant.

RESULTS

Medical History

There was a highly significant difference between
the percentage of traffic wardens (67.96%) versus
office workers (54.48%) who referred a history
of symptoms suggestive of allergy. Comparison
of the two groups of symptoms, i.e. affecting the
bronchi (wheezing, coughing, dyspnea) or the skin
(dermatitis, urticaria/angioedema), did not elicit
any significant differences, although skin symptoms
showed a trend towards a higher frequency in traffic
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wardens. Instead, rhino-conjunctivitis was clearly
more frequent in traffic wardens; this difference was
statistically significant (Table I).

In 23.30% of traffic wardens and 11.94% of office
workers, an overall decline of the symptoms was
referred during periods of absence from the working
environment and a relapse when they returned
to work. Again, this difference was statistically
significant (p<<0.05).

Skin Prick Tests

Positive results to skin prick tests were obtained
in 40 traffic wardens (38.83% of the sample)
versus 37 office workers (27.61% of the sample).
This difference is almost entirely attributable to
aeroallergens, since in only one subject, a traffic
warden, positive results were obtained for a food
product but not for aeroallergens. Three traffic
wardens (2.91%) and one office worker (0.75%)
were positive for foods cross-reacting with latex.

As shown in Table II, there was a statistically
significant higher percentage of positive results
to Artemisia, Cypress and Dog epithelium and a
trend, not statistically significant, towards a higher
percentage of positivity to Dermatophagoides
pteronyssinus and Dermatophagoides  farinae.
The percentage of positivity to Olive, Parietaria
and Cat epithelium was similar in the two groups.
Instead, there was a higher percentage of positivity
to Graminacea and Alternaria in the office workers,
although this did not reach statistical significance. No
positive skin prick test results were obtained to latex,
performed with two commercial extracts, either in
the traffic wardens or the office workers group. Skin
prick tests to some of the more common foods cross-
reacting with latex were positive in 3 traffic wardens
and only 1 office worker. There were no statistically
significant differences.

Specific Serum IgE

Specific serum IgE for latex were low or
moderate as judged by the parameters supplied
by the manufacturer (9), being between 0.37 and
1.65 kUA/1 (Table III). Although the mean values
of IgE varied in the two groups, they were within
a moderate range in both. The total number of cases
with positive IgE for latex was too low for statistical
calculations (Table III). Specific IgE were, in fact,

found in 3 traffic wardens (2.91%) and 4 office
workers (2.98%). All the seropositive subjects also
yielded positive skin tests to aeroallergens but not
to latex or cross-reacting foods. Previous surgical
procedures (from 1 to 4) had been performed in
6 of the 7 subjects. The only subject who had not
undergone surgery referred a relatively frequent use
of rubber gloves and condoms, albeit without any
adverse reaction. Only one of the positive subjects,
a control, had concomitant signs and symptoms of
rhinitis and bronchial obstruction, which correlated
with sensitization to Graminacea, Olive and
Artemisia pollens.

Spirometry

The diagnosis is automatically made by the
device. Results were within normal limits or showed
very mild signs of restriction in 97.08% of the traffic
wardens and 94.03% of the office workers.

Thus, spirometric alterations were observed
in 3 traffic wardens (2.91%) and 8 office workers
(5.97%); analyzing these subgroups, there were no
differences as regards mild or moderate obstruction
(1.94 and 1.92%, respectively); severe obstruction
was observed in 3 office workers (who had already
referred that they suffered from bronchial asthma)
and none of the traffic wardens; moderate/severe
restriction was observed in 4 office workers and only
one traffic warden (2.98 and 0.97%, respectively).
None of the above differences was statistically
significant.

Symptoms Among Atopic Traffic Wardens

Of the 39 traffic wardens with positive SPT to
aeroallergens, only 6 had no correlated symptoms,
whereas the other 33 suffered from the following
complaints: rhinitis and conjunctivitis in 26 subjects
(66%), urticaria-angioedema in 8 subjects (20.51%),
pruritus in 5 subjects (12.82%); in addition, 11
subjects (28.21%) suffered from dyspnea, 3 subjects
(7.69%) from wheezing and 8 subjects (20.51%)
from a dry cough.

DISCUSSION

The remarkable and parallel increase in allergies
and in the urbanization process that has occurred in
the last few decades has prompted the hypothesis
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Table L. Symptoms of allergic disease.

M.T. VENTURA ET AL.

SYMPTOMS TRAFFIC WARDENS OFFICE WORKERS
Subjects Percentage Subjects Percentage p values
Rhinoconjunctivitis 48 46.60 43 32.09 p<0.05 **
Skin (pruritus, dermatitis, 25 24.97 23 17.16 ns
eczema)
Urticaria-angioedematosis 15 14.56 13 9.70 ns'
Bronchial (wheeze, cough, -
constricted chest, dyspnea) 23 2233 3 23.1 ns
TOTAL 70 67.96 73 54.48 p<0.05 **

* = pot significant ** = statistically significant

that the two phenomena might be at least partialy
correlated.

The dismantling of the Berlin Wall in 1989
offered a unique opportunity to compare, at time zero,
two realities featuring comparable geographic and
genetic conditions but profoundly different lifestyles
and living standards, and to follow the subsequent
evolution, i.e. the Westernization of East Germany.
While the initial data (10) demonstrated an evidently
lower prevalence of allergies in ex-East Gérmany,
raising doubts as to the role of severe air pollution
of industrial type in triggering an allergic phenotype,
the data obtained a few years later (11) contradicted
the earlier assumptions. The adoption of the western
lifestyle (12), while improving the economic, social,
hygiene conditions, etc, also increased the risk of
developing allergies, reducing the former differences.
Certainly, in the richer and socially more advanced first
world, various factors may contribute to the greater
incidence and prevalence of allergy. We have only to
think of the observations recently summarized in the
hygiene hypothesis, which explain the development of
Th2-like lymphocytic clones (13-16). However, there
was another important aspect underlying the change
for East Germans: the composition of the air, in which
the classic industrial pollutants had declined, whereas
the automobile exhaust fumes had increased to levels
similar to those in the rich Western cities (11). There
is well-documented evidence that within the same
geo-ethnic group, allergic diseases are more common

among those who live in urban areas and, still more
significantly, among those who live near main roads
with heavy traffic, even in cases of similar or lesser
concentrations of allergizing pollens (17-24).
However, in a recent study carried out by
Ventura et al. (25) on a population of Albanian
immigrants to Southern Italy, we found an
increasing prevalence of allergic sensitization to
local allergens after immigration. In particular, the

- increased sensitization to common inhalants was

correlated to the length of their residence in Apulia.
Antibodies against Hepatitis A virus, Herpes simplex
virus 1, Helicobacter pylori and Toxoplasma gondii
were found in the sera of these subjects. These data
support the hypothesis that a higher exposure to
infections could have a protective effect against
the development of allergic diseases (the hygiene
hypothesis) (16). In addition, the Authors (25)
suggest that exposure to allergens, together with
lifestyle factors, can influence the onset and course
of allergic diseases.

Moreover, the fact that in this population the
incidence of inhalant sensitization rose to levels
typical of Southern Italy stresses the responsibility
of environmental factors, and in particular of air
pollution, in the onset of new forms of sensitization
and allergic symptoms even in populations with a
previously low prevalence of allergy. In this context,
in immigrants from South-East Asia, Leung found
an association with an increase in allergic diseases
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Table I1. Results of skin prick tests.
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Allergens TRAFFIC WARDENS OFFICE WORKERS
Subjects Subjects
Positive Positive P Values
% %

Graminacea 12 11.65 21 15.67 n.s.*
Artemisia 10 9.70 6 448 p<0.05**
Parietaria 9 8.74 11 21 n.s.*

Olive 16 15.53 19 18 n.s.*
Cypress 18 17.48 11 8.21 p<0.05**
Dermatophagoides 18 17.48 18 13.43 n.s.*
pteronyssinus
Dermatophagoides 16 15.53 15 11.19 n.s.*
farinae
Alternaria 0 0 2 1.49 n.s.*
Dog 11 10.68 6 4.48 p<0.05**
Cat 6 5.82 7 5.22 n.s.*
Latex 0 0 0 0
Banana 1 0.97 1 0.78 n.s.*
Kiwi 1 0.97 1 0.78 n.s.*
Avocado 2 1.94 0 0 n.s.*
Passion fruit 0 0 0 0 n.s.*
Tomato 1 0.97 0 0 n.s.*

* = pot significant  ** = statistically significant
and asthma after their arrival in Australia, due
to environmental factors and correlated with the
duration of their residence in Australia (26).

In addition, evidence for an effect of
environmental agents on immune conditions has
been stressed by Powell et al. (27). In particular,
following xenobiotic exposure, individuals can
react differently to chemicals (including ultraviolet
radiation, ozone etc.), developing important changes
with a strong implication on human health.

As to the possible role of the single pollutant

substances, a leading role is certainly played by the
so-called respirable particulates, the main source
of which is diesel engines (these particulates are
therefore named DEPs). These DEPs can act
both on allergens, by adsorbing them (28-31) and
concentrating them, and by carrying them into even
the smallest calibre airways, thus up-regulating the
inflammatory response (31-35). In fact, thanks
to their liposoluble hydrocarbon component they
can damage the ciliary apparatus of the upper
airways (36-37), reducing their clearance powers
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Table 1. Specific Ig E for latex.

M.T. VENTURA ET AL.

Traffic Wardens Office Workers
Cases IgE concentration Cases IgE concentration
1 0.37 kUA/ 1 0.39 kUA/
2 0.96 kUA/I 2 0.65 kUA/I
3 1.65 kUA/I 3 0.70 kUA/
4 1.55 kUA/I
(Mean value 0.99) (Mean Value 0.82)

and therefore causing a longer persistence in loco
of the pollutant substances. Moreover, because
they are liposoluble, they can easily penetrate the
respiratory epithelial barrier and enter the epithelial
and endothelial cells, macrophages and lymphocytes
where, by inducing oxidative stress, they activate
some transcription factors such as NFkB, AP-1 and
AP-2. These then bind to the promoter regions of the
genes coding for ICAM-1, VCAM-1, IL-6, IL-8 and
GM-CSF and for the histamine receptor (38-39).
By means of other mechanisms, they probably also
induce the synthesis of 1L.-4, IL-5, IL-13, IL-10.

Thus, it is possible that a genetically predisposed
subject living in a modern Western city, when
coming in contact with allergens that have been made
more “aggressive” by binding to the polyaromatic
hydrocarbons contained in the fine DEPs, is primed
by this inhalation of the pollutants to produce
Th2-like cytokines (and consequently IgE). These
chemotactic cytokines for various cell types and
adhesion molecules serve to recruit and store these
cells in the respiratory inflammation sites and,
finally, the subject is stimulated to produce histamine
receptors, up-regulating the clinical response to the
allergen and enhancing the effects of the cascade of
IgE-mediated reactions.

The allergological significance of rubber latex has
been known for the last 20 years, and its presence as
a solid pollutant in the urban air, due to tyre friction
against the tarmac, has long been demonstrated
(6-7). Besides the classic risk categories, namely
health workers, pluri-operated patients and industrial
workers, there may now be a new category: the
inhabitants of cities with dense traffic. The few data
available in literature on this subject are contradictory.

A pilot study conducted in Switzerland (40) in a
population of adolescents demonstrated a positive
correlation between exposure to road traffic and latex
sensitization. Instead, in a survey in a large German
population (41) of more than 2,500 children from
Dresden, assessing the presence of specific IgE for
latex and correlating them with exposure to traffic
exhaust fumes, the opposite conclusions were drawn.

In our study we found a statistically significant
increased sensitization to the allergens of Cypress,
Artemisia and Dog epithelium and, to a lesser
extent, of house dust mites. There was also a
statistically significant higher prevalence of rhinitis-
conjunctivitis symptoms. Instead, there was no
significant difference between the two groups as
regards pharyngo-tracheo-bronchial symptoms, nor
spirometric signs of bronchial obstruction. Neither
was there any evidence that the urban environment
can foster a greater sensitization to rubber latex or
additives used in the rubber processing cycle.

A combination of various circumstances could
justify our findings of a higher percentage of
sensitization to only a few allergens. Certainly,
working activities conducted in the open air are
in themselves risk factors for sensitization to
environmental allergens. However, we did not
observe a greater prevalence of skin positivity to
Graminacea, Parietaria and Olive pollens, which
are the most common in our geographic area
(indeed, sensitization to Graminacea was found to
be more common in the control group). However, it
is possible that these pollens, which have a stronger
allergenic power than those of Cypress and Artemisia,
may have “exhausted” their ability to increase the
exposure-related sensitization rate. In other words,
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they may have reached a plateau, whereby the factor
limiting the development of the allergic phenotype
might no longer depend on exposure, but only on
the genetic make-up of the individual or on other,
different environmental factors. Instead, Cypress
and Artemisia pollens might be more dependent on
exposure, due to their lesser intrinsic allergenicity
(cypress) or lower concentration in the atmosphere
(Artemisia), both circumstances which would entail a
longer exposure to induce sensitization. In any case,
it should be borne in mind that in the city of Bari, the
daily cypress pollen count is extremely variable and
reaches a fairly modest annual total, as reported by
some Authors (42). The same considerations apply
to dog epithelium allergens.

A clearly higher rate of sensitization to Cypress
pollens was reported in the historic study by
Ishizaki (17) on Criptomeria japonica or Japanese
cedar, an essence with an affinity to cypress
despite its different taxonomy, whose pollens were
demonstrated to be more aggressive in urban than
in rural areas, regardless of the degree of exposure.
Although the subjects in our study were more
exposed to cypress pollens, this did not apply to
the inhabitants of Nikko in Ishizaki’s study (17).
Cypress and Japanese cedar pollens might undergo
similar morphological alterations due to interaction
with atmospheric particulates deriving from exhaust
fumes, making their allergens more readily available.
Cross-reactivity between the main allergens of these
two conifers has been demonstrated, as well as an
analogous structure and the presence in Cry j I of
a glycosylate residue (43). A study conducted by
the University of Bari in collaboration with the
Ministry of Health (44) demonstrated glycosylation
of the allergenic components of Cupressus arizonica
pollen extracts, thanks to their ability to bind various
lectins. This is another finding suggesting that Lol
pl, a glycosylated protein, binds DEPs, whereas
Lol p5 (non glycosylated) does not, and that the
allergens of Cypress and Japanese cedar may build
similar relations with the organic component of the
DEPs (29). Moreover, subjects contracting a cold
may be predisposed to sensitization to cypress, and
the peak winter season for colds coincides with the
pollen period of Cypress, virtually the only plant
pollinating in this season to be listed among the main
allergenic essences.

Apart from a possible increased presence of
dog epithelium allergens in the urban environment,
which might sensitize more exposed subjects, it has
been demonstrated, at least in vitro, that DEPs bind
the main dog allergens, as well as dust mite allergens
(which are also glycosylated) (28). This could further
justify a greater sensitization power in subjects
exposed to road traffic. It is also plausible that, as
well as acting as a vector carrying these allergens
from the air to the airways, DEPs may capture them
in the air in confined environments, acting from the
surface of the rhino-bronchial epithelium where they
may lodge. In other words, it cannot be excluded
that binding between DEPs and allergens, inhaled at
different times, may also occur within the airways.
This sequence could be particularly active in the
case of dust mite allergens: after a working day in
the traffic, the respiratory epithelium could be full
of aromatic hydrocarbons derived from DEPs, and
during the night they could come in contact with dust
mite allergens and bind with them.

As to the clinical and spirometric data, it should
be stressed that there was a higher incidence of
seasonal rhinitis-conjunctivitis symptoms among
the traffic wardens, which is more directly correlated
with increased allergic sensitization, especially to
Cypress. On the contrary, there were no statistically
significant differences as regards pharyngo-laryngo-
bronchial symptoms between the two groups,
and indeed the spirometric examinations showed
more frequent alterations, of both obstructive and
restrictive type, among the office workers than among
the traffic wardens. While this finding excludes
a contribution of aspecific respiratory disease to
inducing sensitization to aeroallergens, it stresses
once more the effects on health of indoor pollution
(cigarette smoke, allergens, microorganisms, etc.),
and perhaps also of a sedentary lifestyle.

This concept has recently been underlined by
Plats-Mills et al. (45). The authors suggest that
changes in the “western” lifestyle are correlated to
an increased prevalence of asthma. The “western”
lifestyle features reduced physical activity and an
increased rate of obesity. In addition, the “hygiene
hypothesis” proposes that some elements, such
as lack of exposure to endotoxins and helminth
infections or contact with farm animals, may cause
an increase in lymphokines capable of defending
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the organism against bacterial and viral noxae.
This lymphokine imbalance could predispose to the
production of lymphokines deputed to respond to
allergic stimuli, justifying the increasing prevalence
of allergy and asthma in urban environments (46).

Our negative results to skin prick tests to latex
in all subjects and the low or very low titres of
specific IgE - virtually identical in both groups,
found only in atopic subjects and in any case with no
clinical correlations - confirm the data in literature
and indicate that traffic wardens are comparable to
the general population in this context. However,
6 of the 7 subjects with specific IgE for latex had
undergone between 1 and 4 surgical procedures,
confirming this type of exposure as an important
risk factor for sensitization, probably not only
due to repeated exposure but also to the high
allergenic concentrations present in the health care
environment.

The immunologically active concentration of
latex proteins present in the air is extremely low
even in dense traffic areas, and largely below
the thresholds triggering symptoms in sensitized
subjects, or inducing sensitization in previously
negative subjects (47-48). Continual exposure to low
concentrations of latex, in combination with other
substances with an inducing, and maybe a vector
action, could give rise to accumulation phenomena
and ultimately induce sensitization. However, the
data emerging from the present study do not support
this hypothesis, and are in agreement with Hirsch’s
results showing no relation between exposure to
traffic and rubber latex allergy (41).

In conclusion, we do not know for certain why
in recent years allergic disease has been constantly
on the increase. However, we do know that this
phenomenon must depend largely on environmental
factors, which probably have a different weight
in different individuals. In some people, many
vaccinations could play a role; in others, the
fact of growing up in a small family and hence
contracting few infectious diseases; in yet others,
an excessive use of antibiotics or a diet consisting
of well preserved but sterile foods. Other possibly
implicated factors include excessive exposure to
allergens or exposure to a new, previously unknown
one. Finally, for some people the decisive factor may
well be living in a city and breathing in the pollutants

deriving from”progress”.
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