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Background: Environmental factors are important causes of sensitization, even
though the effect of specific pollutants and the interaction between pollution and
aeroallergens are not completely known.

Purpose:To evaluate whether the exposure to pollutants or to allergens is a more
important contributing factor in causing sensitization.

Methods: A group of 312 children living in the city and a group of 225 children
living in a rural area, ages 11 to 14, were studied. All subjects underwent a skin
prick test. The pollen counts were performed in the two different areas during the
peak of the pollen season. At the same time the levels of ozone and suspended
particulates were measured.

Results: The students living in the rural area showed a significantly higher
percentage of sensitization than those in the city (P 5 .046). Sensitization to pollen
was more frequent in the rural area (P , .001) but pet sensitization was more
frequent in the city. More rural area students were sensitive to multiple allergens
(P 5 .034). Pollen levels were higher in the rural area (P 5 .001). Both ozone and
suspended particulate levels were higher in the city (P 5 .001 andP , .001,
respectively).

Conclusions:The degree of pollen exposure is a larger contributing pathogenic
factor in inducing sensitization than air pollution.
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INTRODUCTION
The role of environmental factors in
causing sensitization has been investi-
gated by many researchers.1–4 To date,
the effect of a given pollutant and its
interaction with aeroallergens has not
been well established. It has been hy-
pothesized that pollution promotes
sensitization: a relationship between
high traffic and allergic symptoms has
been demonstrated in young Germans5

and in children with rhinitis.3 National
Health and Nutrition Survey II
(NHANES II) has shown an increased

risk for becoming allergic among city
dwellers.6 The comparisons between
city and rural children in Sweden and
Poland7 found that city children in both
countries had a higher prevalence of
sensitization. Nevertheless, the Polish
children living in cities had fewer al-
lergies than Swedish children living in
cities, although they were exposed to
higher pollutant levels. It has also been
reported that in the former West Ger-
many there was a higher prevalence of
allergy than in the former East Ger-
many, in spite of the higher prevalence
of chronic respiratory diseases in the
latter.8 A significant relationship be-
tween the allergen exposure level,
mainly to pollen, and the degree of
sensitization in youthful popula-
tions9–11 has been shown. It has also
been reported that pollution, mainly
due to diesel exhaust, is a critical fac-
tor in developing sensitization toCe-
drum Japonicum.1

It remains controversial whether the
exposure to pollutants is a more impor-

tant contributing factor in causing sen-
sitization than exposure to allergens.
To investigate this topic, two different
groups of school children, one group
living in the city and the other living in
rural areas, were studied. The exposure
to pollen and pollutant concentrations
and also the degree of sensitization
were compared in both groups. For the
pollen count we hypothesized a differ-
ent pattern in the two areas, as already
observed during the period 1991/93
(personal observation). Ozone and to-
tal suspended particulate levels were
chosen because they can be considered
to be good markers of pollution due to
vehicle traffic and of pollutants that
cause chronic respiratory irritations.

MATERIALS AND METHODS
Two different areas in the Genoa

Province have been evaluated: the city
center of Genoa and Serra Ricco`.
Genoa is one of the most important
Mediterranean ports with a population
of around 650,000. In contrast, Serra
Riccò is a small village with 8,000
inhabitants. There are light traffic con-
ditions and no industry. It is situated
300 meters above sea level and 20
kilometers from Genoa. The study was
carried out between June 1995 and
July 1996.

Subjects
The city group consisted of 312 pupils
chosen from the schools of the city
center of Genoa and the rural group
consisted of 225 students attending the
Junior High School (all aged 11 to 14
years).

Two hundred and eighty-four stu-
dents from Genoa (91%) and two hun-
dred and two from Serra Ricco` (90%)
agreed to participate in this study. All
students had lived in the same house
for at least 10 months each year since
their birth. All children underwent a
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skin prick test that was performed ac-
cording to the methodology and crite-
ria proposed by the European Acad-
emy of Allergology and Clinical
Immunology (EAACI).12 Prick tests
were done on the volar surface of the
forearm, using 1-mm prick lancets.
The needle was introduced through a
drop of the test solution at a 45° angle
to the skin.

All allergen extracts were provided
by Neo Abellò (Milan, Italy) and in-
cluded the following: mites (Dermato-
phagoides farinaeandpteronissynus),
cat, dog, grass mix,Absinthium, Pari-
etaria judaica,birch, hazel, olive tree,
Alternaria tenuis, Cladosporium,and
Aspergillum.They are the most com-
mon allergens in the study areas. Skin
reactions were recorded after 15 min-
utes by comparing the skin response to
allergens with the response to negative
control. A relationship between history
and positive skin prick test (ie, wheal
diameter$ to 4 mm as compared with
control) has been considered a specific
sensitization. Subjects were considered
monosensitized when the skin prick
test was positive for one group of al-
lergens (ie, pollens, mites, pets, or
molds), and polysensitized when the
skin prick test was positive for two or
more groups of allergens. All skin tests
were performed by the same medical
staff.

All subjects were required to fill in a
questionnaire about their personal his-
tory, their parents’ allergies, their
home conditions and the keeping of
pets (cats and/or dogs) in their houses.

Pollen Count
A “Seven-day Recording Volumetric
Spore Trap” by Burkard Manufactur-
ing Co Ltd (Belgium) was used to
count the pollen. A helix dropped 10
liters of air per minute; the pollens and
the spores were captured for seven
consecutive days. The particles at-
tached to an adhesive strip on a roll
turning 2 minutes per hour. The strips
were stained with fuchsin and the pol-
lens were identified and counted
(units/m3/24 h) by means of an optical
microscope.13,14One device was placed

near each school from June 1995 to
July 1996.

Air Pollution
Ozone and suspended particulate lev-
els were chosen to estimate air pollu-
tion, using two observing stations: the
first at the Serra Ricco` school and the
other about 1 km from the Genoa
schools.

The ozone concentration was calcu-
lated by measuring the quantity of UV
radiation absorbed by the sample. The
background of UV radiation was cal-
culated without ozone by comparison
to a standard curve. Thereafter, UV
radiation was calculated with ozone to
determine light intensity after absor-
bance. The ozone concentration was
then determined by the Lambert-Beer
equation. Because the ozone levels in
Genoa were below the dangerous
threshold throughout the entire year,
except in summer (data on file), we
chose only the period from July to
August 1996 to collect ozone data.

The total suspended particulates sur-
vey was performed with the ponderal
method, using a sequential analyzer.
This device has a constant flow using
an electronic pump; particulates are
collected upon a filtering membrane
from a given volume of aspirated air.
The total suspended particulates were
measured in the period from 23 April
to 25 September 1996.

Statistical Analysis
The frequencies of allergic sensitiza-
tion and the total pollen counts in Serra
Riccò and Genoa were evaluated by
chi square test (x2); the ozone concen-
trations and the total suspended partic-

ulates in the two zones were compared
with the Student’st test (t-test).

RESULTS

Allergic Sensitization
Table 1 shows the frequencies of sen-
sitizations and the distributions of
monosensitized and polysensitized
subjects. Among monosensitized stu-
dents, those from Serra Ricco` showed
a significantly higher percentage of
sensitization than those from Genoa
(x2 5 3.963;P 5 .046). Among poly-
sensitized students, those from Serra
Riccò showed a significantly higher
percentage of sensitization than those
from Genoa (x2 5 4.479;P 5 .034).

Seventy-nine children (27.8%) from
the city group and forty-six (22.8%)
from the rural group had at least one
parent suffering from allergies, but
there was not a significant difference
in genetic risk between the two groups
(x2 5 1.32;P 5 .25).

One hundred and forty-five (51.1%)
urban families and eighty-four rural
families (41.6%) kept pets in their
houses (x2 5 3.88;P 5 .049).

Table 2 shows the skin prick test
results; the percentages of the single
sensitizations are referenced to the al-
lergic populations. Sensitizations to
grass,Absinthium,and Cladosporium
were significantly higher in the Serra
Riccòstudents (x2 5 9.758;P 5 .002;
x2 5 8.857;P 5 .003 andx2 5 4.938;
P 5 .026, respectively), whereas that
to pets was higher in Genoa students
(x2 5 4.050;P 5 .044). Mite allergy
was the most frequent sensitization in
both Genoa and Serra Ricco` students
(69.2% and 63.4%, respectively) fol-

Table 1. Frequency of Allergic Sensitization and Distribution of Mono and Polysensitized
Subjects

Serra Riccò
(202 students) n

Genoa
(284 students) %

n % x2 P

Sensitized 93 46.0 104 36.6 3.963 .046

Sensitized Subjects
(n 5 93) n

Sensitized Subjects
(n 5 104) %

n % x2 P

Monosensitized 21 22.6 39 37.5
4.479 0.034

Polysensitized 72 77.4 65 62.5
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lowed by grass in Serra Ricco` (53.8%)
andParietaria in Genoa (42.3%).

Pollen Count
Pollen count shows the daily means of
total pollen counts in four consecutive
blossoming. Each Serra Ricco` pollen
count was compared with the corre-
sponding count in Genoa. The pollen
counts were higher in Serra Ricco` dur-
ing the observed periods (x2 5 83.208;
P , .001), with a mean ratio 2.8:1. The
highest ratio was observed in Septem-
ber (4.4:1) and the lowest in February-
March (1.4:1). Representative grass,
Parietaria and Absinthium pollen
trends are reported in Tables 3, 3a, 3b
and 3c, respectively. Pollen counts in

Serra Ricco` were significantly higher
than in Genoa (grassx2 5 29.8; P ,
.001;Parietariax2 5 18.46;P 5 .010;
Absinthiumx2 5 19.93;P 5 .001).

Air Pollution
Figure 1 shows the ozone concentra-
tions; they were significantly higher in
Genoa both in July (t5 4.700; P 5
.001) and August (t5 9.543; P 5
.001). The daily means of total sus-
pended particulates from April 23 to
September 25, 1996 in Serra Ricco`
were 60.9mg/m3 (standard deviation,
6 28.3) whereas it was 72.5mg/m3

(SD 6 29.8) in Genoa. Overall, the
mean particulate levels were signifi-
cantly higher in Genoa (t5 9.323;P ,
.001).

DISCUSSION
Allergen exposure and air pollution are
the major contributing environmental
factors that worsen allergic respiratory
symptoms both at the nasal and bron-
chial levels. On the other hand, it is not
clear whether these two factors play a
pathogenic role in the development of
sensitization. The present study was
designed to evaluate the percentages of
sensitized children in different areas,
considering their different exposure to
pollen and pollutants. We chose the
model of schoolchildren as a sufficient
life-period of environmental exposure
with no other interfering factors such
as smoking.

Table 3. Total Pollen Counts: Daily Means of Pollens Counts are Reported for Four Blossom
Periods

Jun–Jul 95 Sep 95 Feb–Mar 96 May–Jun 96 x2 P

Serra Riccò 1070.8 181.3 368.8 1017
83.208 .001

Genoa 343.5 40.7 269.1 466.7

Table 3a. Grass Monthly Mean Pollen Counts*

Jul 95
Sep
95

Feb
96

Mar
96

Apr
96

May
96

Jun
96

Jul 96 x2 P

Serra Riccò 43 2.1 0.4 1.0 10.8 239.5 66.6 24.2
29.8 ,.001

Genoa 16.6 2.3 0.1 0.1 2.0 33.5 29.7 14.6

* The lines in bold represent the periods of main blossoming in the two study areas. The x2

values are referred to all the periods.

Table 3b. Parietaria Monthly Mean Pollen Counts*

Jul 95
Sep
95

Feb
96

Mar
96

Apr
96

May
96

Jun
96

Jul 96 x2 P

Serra Riccò 419.1 118.5 0.2 4.2 343.6 478.2 388.5 471.6
18.46 .010

Genoa 105.9 35.4 0.4 3.9 94.1 179.5 133.4 116.7

* The lines in bold represent the periods of main blossoming in the two study areas. The x2

values are referred to all the periods.

Table 3c. Absinthium Monthly Mean Pollen Counts*

Jul 95 Sep 95 x2 P

Serra Riccò 0.3 45
19.93 ,.001

Genoa 0.1 0.9

* The lines in bold represent the periods of main blossoming in the two study areas. The x2

values are referred to all the periods.

Table 2. Distribution of Allergen Sensitization Among Sensitized Children in Serra Riccò and
Genoa

Allergens

Serra Riccò
(93 sensitized

students)

Genoa
(104 sensitized

students) x2 P

Sensitized % Sensitized %

Mites 59 63.4 72 69.2 0.502 0.479
Grass 50 53.8 32 30.8 9.758 0.002
Parietaria 39 41.9 44 42.3 0.008 0.927
Olive tree 21 22.5 25 24.0 0.005 0.942
Absinthium 21 22.6 7 6.7 8.857 0.003
Birch-hazel 19 20.4 19 18.3 0.041 0.839
Aspergillum 11 11.8 6 5.8 1.582 0.208
Alternaria 10 10.7 5 4.8 1.694 0.193
Cladosporium 8 8.6 1 1.0 4.938 0.026
Dog-cat dander 9 9.7 22 21.1 4.050 0.044
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In Serra Riccò there was only one
school, while in Genoa we chose the
school closest to the monitoring station.

In regard to air pollution, both ozone
and total suspended particulates are
more concentrated in the city area, be-
cause of the high amounts of traffic
and the numerous industries there. The
high levels ofozone and of the total
suspended particulates during the
summer underlines the prevalence of
pollution caused by traffic. We con-
sidered as total suspended particu-
lates the contents of heavy metals,
lead and polycyclic aromatic hydro-
carbons, because the presence of die-

sel vehicles in the surrounding areas
of Genoa is very low.

Serra Ricco` is a rural village, with
no industry, low traffic density, and
with large green open spaces. This lat-
ter factor explains why the large
amounts of pollens significantly ex-
ceed those of Genoa, both as total pol-
len counts and as specific pollen
counts (grass,Parietaria, Absinthium).

Overall, rural students showed
higher percentages of sensitization
than the city students. These results
contrasts with those reported by Ish-
izaki et al1, but they are consistent with
those reported by Priftis et al.15 It has

been hypothesized that the individual
degree of sensitization was related to
the allergen exposure level, since there
were not any statistical differences in
genetic predisposition to allergic sen-
sitization between the two areas.16 On
the other hand, consistent with the
Eggleston et al results, there was a
more sensitization to pets in the city
area, where animals are kept in houses
rather than in the rural area where they
are mostly outdoor pets.16

A new finding is the occurrence of
more monosensitized children in the
city than in the country areas: a possi-
ble explanation may be that mite al-
lergy, which is prevalent in monosen-
sitized, occurs early in childhood,
whereas pollen allergy, which is prev-
alent in polysensitization, occurs later
as previously demonstrated.17 Further,
the polysensitization in Serra Ricco`
was mainly due to house dust mite and
pollens.

Pollen allergy is due to a higher
level of allergen exposure than mite
allergy: since the pollen season is of
shorter duration than the mite expo-
sure. Sensitization to mites was similar
in the rural area and in the city,
whereas the pollen count was higher in
the rural area than in the city. This
could explain the finding of more chil-
dren with both sensitizations in the ru-
ral areas.

The different percentages of sensiti-
zation in the two areas may be due to
different pollen exposure levels. This
is supported by an earlier study, show-
ing pollen allergy to be more frequent
in the areas with higher pollen
counts.11 The studies concerning the
relationship between pollution and
sensitization are inconsistent. Some re-
ports suggest a positive relationship
between the degree of pollution and
the number of sensitized patients,1,3,5

but other studies show no differences
in the numbers of sensitized patients
between rural and city areas.6,18

In conclusion, the present data con-
firm the importance of the pollen ex-
posure levels as a pathogenic factor
able to induce sensitization. Further
studies should explore the role played

Figure 1. O3 hourly mean concentrations of July and August 1996 in Genoa and Serra Ricco`.

VOLUME 83, SEPTEMBER, 1999 255



by pollutants as risk factors for wors-
ening respiratory symptoms.
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