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Summary

OBJECTIVES: Ambrosia is spreading invasively in many
European countries. Therefore, surveys showing the long-
term consequences regarding the prevalence of sensitisa-
tion and allergy rates are needed. The aim of this study was
to analyse the development of Ambrosia sensitisation and
clinical symptoms over a period of 20 years among the pa-
tients of the allergy unit in Legnano in relation to the meas-
ured pollen concentrations. Legnano is situated near Milan
in a region in northern Italy, known for its high Ambrosia
pollen loads.
METHODS: The sensitisation of patients to Ambrosia and
other aeroallergens was tested by a skin prick test. The pa-
tients were interviewed about their clinical symptoms and
the time of incidence of the symptoms. On average, 1100
patients per year were included in this study in the years
1989–2008. The daily pollen concentration was measured
with volumetric Hirst type pollen traps.
RESULTS: The sensitisation rate to Ambrosia increased
from 24% to over 70% among the patients whose skin
prick tests were positive to pollen. In 1989, about 45% of
the Ambrosia sensitised patients suffered from respiratory
symptoms (rhinitis and/or asthma) in late summer. After 5
years, this percentage increased to 70% and finally reached
90%. The prevalence of asthma was initially 30% among
the Ambrosia sensitised patients and increased slightly to
40%.
CONCLUSION: The extent of the consequences of high
Ambrosia pollen concentrations is not ascertainable over
the short term. Sensitisation rates have constantly increased
over a period of more than 15 years, and moreover the in-
cidence of allergy is delayed during the first years.
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Introduction

Over the last decades, an increased prevalence of allergy
to Ambrosia artemisiifolia pollen (short ragweed, hence-
forth called Ambrosia) has been assessed in Europe, espe-
cially in Hungary, Austria, France (Rhône region), northern
Italy and a few other countries [1–9]. It is well known from
North America that Ambrosia is one of the strongest sens-
itising pollen species and produces major hay fever symp-
toms, mainly asthma, during its pollination period in late
summer and autumn [10]. In Austria, it has been demon-
strated that there is a high correlation between increasing
pollen counts of Ambrosia and sensitisation rates [11]. As
the Ambrosia plants continue to spread throughout central
Europe, data are needed to analyse the long-term conse-
quences of the increasing Ambrosia pollen concentration.
It has been postulated that a concentration as low as 1–3
pollen/m3 in the air can lead to allergic symptoms in some
previously sensitised patients [12], whereas a concentration
between 10 and 20 pollen/m3 frequently causes symptoms
in sensitised patients [13]. Consequently, in Switzerland a
threshold of 11 Ambrosia pollen/m3 is regarded as a high
pollen load [14]. In the region north-west of Milan, where
Legnano is situated, Ambrosia started to colonise the area
in the 1930s and 1940s, and has become more and more
abundant since the 1980s [15]. In 2005, 14% of the popu-
lation near Milan already suffered from Ambrosia allergy
[16]. Due to the wide spreading of Ambrosia in Italy [17,
18], the sensitisation to this pollen has also attracted con-
siderable attention in the southern part of Switzerland (Ti-
cino), close to northern Italy (Lombardia) [19–22]. In fact,
a large proportion of the Ambrosia pollen registered in the
south of Switzerland in Ticino is considered to originate
from Italy [23, 24]. Whereas Geneva showed a significant
increase in pollen load from 1979–2001, correlated to the
increased pollen concentration in the Lyon region in France
[21, 25], for Ticino such an increase was not observed [23,
24].
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The aim of this study was to investigate the sensitisation
rates to Ambrosia pollen and the prevalence of late summer
rhinitis and asthma in Legnano near Milan; a region known
for its high Ambrosia pollen concentration.
The development of sensitisation and allergy rates over 20
years together with the recorded pollen data can be useful
in creating a possible scenario for other European regions
experiencing an increasing abundance of Ambrosia. To es-
timate the risk of an increase of Ambrosia sensitisation in
southern Switzerland, a neighbouring region, pollen data
from Lugano are included in this study to provide a com-
parison with that of Legnano.

Methods

Patients
All patients, aged more than 14, who attended the “Ambu-
latorio di Allergologia dell’Ospedale di Legnano” with res-
piratory symptoms for the first time in the years 1989–2008
were considered for inclusion in the study.
All patients with a skin prick test (SPT) positive to at least
one pollen species were interviewed about their clinical
symptoms (rhinitis, asthma), the time of their symptoms
appearance, particularly in regard to the onset in late sum-
mer (August to September), and their age at the time of the
first manifestation of the pollen allergy.

Skin tests
Skin prick tests (SPT) with commercial, standardised ex-
tracts (most Alyostal, Stallergènes, seldom Soluprick
ALK-Abelló) from grass mix, tree mix 1 (birch, alder and
hazel), tree mix 2 (beech, oak, plane), cypress, mugwort
(Artemisia), ragweed (Ambrosia artemisiifolia), pellitory-
on-the-wall (Parietaria), house dust mites, cat and dog epi-
thelia and mould (Alternaria, Cladosporium) were per-
formed on the flexor forearm with a standardised prick
needle. Histamine dihydrochloride (10 mg/ml) was used as
a positive control, and the glycerol-containing diluent was
used as a negative control. Reactions were recorded after
15 minutes. Wheals with a diameter of at least 3 mm in
the presence of a negative control were considered pos-
itive. In twenty patients, SPTs for Ambrosia were under-
taken simultaneously with the extracts of Stallergènes and
of ALK-Abelló. The results were similar: none were posit-
ive or negative to only one extract.

Pollen counts
Daily pollen concentrations have been measured in Leg-
nano since 1995 with a Hirst type pollen trap by the
Azienda Sanitaria Locale (ASL) della Provincia di Milano.
This pollen monitoring station is connected to the Italian
Network Monitoring on Aerobiology (R.I.M.A.®). In
Lugano, the measurement of daily pollen concentrations
started in 1985 and continued, after a break of two years, in
1991. In Lugano, the pollen concentration is measured by
MeteoSwiss also with a Hirst type trap. The pollen trap in
Lugano is part of the national pollen monitoring network in
Switzerland. The pollen counts were performed according
to international standard methods [26].

Statistical Methods
The significance of the calculated trends was estimated
using the Mann-Kendall trend test [27, 28]. For this test
neither normal distribution nor linearity of the trend is re-
quired. The sum of the signs of all possible differences are
used to calculate the test statistic which is approximately
standard normally-distributed. Hence this test assesses the
increase or decrease of the data elements in the time series.
The actual calculation of the significance of the trends was
done using the Kendall package which is implemented in
the statistical software language R [29].

Results

During the 20 years of the study, clear changes became
evident among the patients attending the allergy unit in
Legnano for the first time. The number of patients with a

Figure 1

Increase of sensitisation among patients in Legnano. The
significance of the trends was calculated using the Mann-Kendall
trend test: p <0.001***.

Figure 2

Increase of Ambrosia allergy among Ambrosia SPT positive
patients in Legnano. The significance of the trends was calculated
using the Mann-Kendall trend test: p <0.05*; p <0.01**.
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positive SPT to Ambrosia increased strongly, starting with
134 patients in 1989 and rising to about 500 patients dur-
ing the last 8 years of the study (table 1). Also, the yearly
number of patients SPT positive to pollen increased signi-
ficantly but more slowly. Thus the percentage of Ambro-
sia positive patients among the pollen positive patients was
24% at the beginning and had reached more than 70% after
20 years. As the total number of patients varied over time
– with a slightly growing trend – the increase of sensitisa-
tion is shown in figure 1 as a percentage of the patients.
The patients who were SPT positive to pollen had an aug-
mentation from about 50% to 60%, whereas the prevalence
of positive Ambrosia SPT among the patients started with
13% and reached about 45% by the end of the study period.
Also the percentage of Ambrosia SPT positive patients
with respiratory symptoms during late summer increased
markedly from almost 50% in the years 1989–1993, to 75%
in the years 1994–1998, and to more than 90% in the years
2005–2008 (fig. 2). In contrast the incidence of asthma
among the Ambrosia SPT positive patients increased only
slightly from 30% to more than 40% (fig. 2).
The Ambrosia allergy starts with the typical symptoms of
rhinoconjunctivitis and partly with asthma at the end of the
first week of August, peaks in intensity at the end of August
until the middle of September, and decreases progressively
until the second week of October. The rhinitis symptoms
are characterised by a marked nasal obstruction, especially
at night, and are not seldom complicated at the end of the
pollen season by a sinusitis.
In table 2, the sensitisation to Ambrosia or grass pollen is
shown according to the patient’s age at the time of its ap-
pearance for the years 1999 and 2006. In 1999, 13.7% of
the patients with a sensitisation to Ambrosia pollen were
older than 50. In 2006, the percentage of this age group
increased significantly to 30.4%, whereas the percentage
of grass pollen sensitised patients older than 50 remained
stable at almost the same level (9.3% in 1999 and 9.5% in
2006). The percentage of the Ambrosia sensitised patients
over 60 years old was smaller but, nevertheless, there was
an increase from 5.8% in 1999 to 9.5% in 2006, whereas
the percentage of grass pollen sensitised patients in 1999
was only 3.5%, and 4.1% in 2006.

Pollen counts
The seasonal pollen index (SPI = the sum of daily pollen
concentrations from July to October) in Legnano varied
between 2600 and 7100 without a clear trend (fig. 3). The
lowest SPI was registered in 1995, the first year of meas-
urement. In Lugano, the SPI was on average 16 times
lower, varying between 100 and 900, however a large
amount of the registered pollen had most likely come from
Italy by long-distance transport. The lowest SPI in Lugano
was registered in 1995 in concurrence with Legnano. On
the basis of the data from Lugano, it can be assumed that
pollen loads of Ambrosia were already comparable in 1985
in northern Italy with those after 1995. Also, the pollen data
of neighbouring Busto Arsizio [15] provide evidence that
the pollen load in the greater Milan region, and therefore in
Legnano, was most likely to have already been at the same
high level in 1989 as in the following years. In Busto Arsiz-

io, the maximum daily pollen concentration was 289 pol-
len/m3 in 1989, and 378 pollen/m3 in 1990 [15].
The maximum of the daily pollen concentration in Legnano
from 1995 to 2008 had a range from 225 to 730 pollen/m3

with an average of 366 pollen/m3, whereas in Lugano the
average was only 72 pollen/m3 (fig. 4) and the range was
from 32 to 188.
Figure 5 characterises the main Ambrosia pollen season in
Legnano. During July, there is only a small amount of Am-
brosia pollen. In the second week of August, the average
daily concentration increases from 2 to 10 pollen/m3. The
highest values occur between 24th August and 6th Septem-
ber. After this the pollen concentration decreases continu-
ously but until the 25th of September it still exceeds the
value of 11 pollen/m3. During October, Ambrosia pollen is
present in low concentrations.
A long period with a high pollen concentration is typical
for the pollen season in Legnano. On average (1995–2009)
there are 47 days with 11 or more pollen/m3 and 28 days
with more than 50 pollen/m3. Lugano, in contrast, has on
average 10 days with 11 or more pollen/m3 and only one
day with more than 50 pollen/m3.

Figure 3

Seasonal pollen index (sum of daily concentrations from July-
October) in Legnano (I) and Lugano (CH).

Figure 4

Maximum values of the daily pollen concentration in Legnano and
Lugano.
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Discussion

As a consequence of the high Ambrosia pollen load over
the 20 year study period, the sensitisation as well as the
clinical allergy to Ambrosia strongly increased in the pa-
tients in Legnano. From 2002 onwards, the increase in
sensitisation to Ambrosia among pollen allergic patients
decelerated reaching 70% (table 1). There was an evident
time lag between Ambrosia sensitisation and the Ambrosia
allergy. In fact, during the first 5 years of the study, the rate
of Ambrosia sensitised patients suffering from allergic res-
piratory symptoms during late summer constantly reached
almost 50%, however in 1994 there was an abrupt rise to
75% and in the period from 2005–2008 the percentage even
rose to 90% (fig. 2). The data shows that it takes some
years of exposure to high pollen concentrations to develop
an allergy. The prevalence of asthma also showed no rise
during the first 4 study years and remained at the level of
30%. From 1993, there was a slow increase to 40% among
the Ambrosia sensitised patients. Nevertheless, this seem-
ingly small increase indicated a large increase in the num-
ber of patients suffering from asthma because of the in-
creased number of Ambrosia sensitised patients (about 50
new patients with asthma during the first years, and on av-
erage 185 new patients per year during the last 4 years).
Elderly people can also develop allergic sensitisation and
allergic diseases, although the rate is lower than for young-
er people [30, 31]. For example in Switzerland, more than
4% still have pollinosis after their 60th birthday [31]. An
impressive finding of our study was that sensitisation to
Ambrosia pollen, to a much greater extent than for grass
pollen, can appear after the age of fifty, thus demonstrating
the allergenic potency of Ambrosia pollen. Among the over
fifties, the incidence of grass pollen sensitisation stayed at
the same level between 1999 and 2006, whereas the incid-
ence of Ambrosia pollen sensitisation showed a marked in-
crease of more than double that in 1999. Also, the num-
ber of Ambrosia sensitised patients aged more than sixty
reached a percentage 1.6 times higher in 2006 than in 1999.
In correlation with our results in table 2, a study in the Mil-
an region on “new” respiratory allergens also showed that
the age of onset for Ambrosia allergies is later than for oth-
er allergies related to “old” allergens such as grass pollen
which have existed in the surroundings of Milan for centur-
ies [8]. Interestingly, the new allergens (Ambrosia, Betula)

Figure 5

The daily concentration of Ambrosia pollen in Legnano in 2008 and
the average daily concentration over the years 1995–2007.

seem to be responsible for the majority of the new respir-
atory allergies induced in previously mono-sensitised pa-
tients [32]. The time span of exposure to high concentra-
tions of this new allergen is probably one of the important
factors inducing allergies. The results from our study indic-
ate that the consequences of high Ambrosia pollen concen-
trations are not immediately visible. The increase in Am-
brosia sensitisation rates among patients continued over a
time span of at least 15 years and, moreover, the increase in
the incidence of respiratory symptoms started 5 years later
than the increase in sensitisations.
The situation in the neighbouring canton of Ticino is quite
different. According to the population based study
SAPALDIA [22, 33], Ambrosia pollen is not an important
cause of inhalant allergies in Switzerland. The sensitisation
rates were low and did not change substantially between
1991 and 2002, although a new sensitisation to Ambrosia
was observed in 1.4% of the study participants in Lugano
and Geneva [22]. In 2002, in Lugano a total of 741 serum
samples were tested for specific IgE to Ambrosia artemisii-
folia (ImmunoCap w231, Phadia) and 6.9% of them tested
positive [22]. If these Ambrosia positive results are calcu-
lated as a percentage of people sensitised to aeroallergens,
the result is about 20% for Lugano, which comes close to
the 24% of Ambrosia sensitised patients among the pollen
sensitised patients in Legnano in 1989 at the beginning of
our study. Another study comparing sensitisation rates in
patients from Ticino showed an increase in sensitisation to
Ambrosia from 10.14% in 1994 to 18.7% in 2009 [34].
The relatively low sensitisation rates in Lugano, compared
with Legnano, can be explained by the much lower amount
of Ambrosia pollen and also the lower number of days with
a high pollen load (more than 11 or more pollen/m3).
An average SPI of 400 for Ambrosia pollen in Lugano still
seems to be under the level above which a considerable
continuous increase of sensitisation would start.
However, to prevent misinterpretation, we emphasise that it
is important to start efficient containment measures as soon
as the first plants appear, as the invasive spreading of Am-
brosia makes later containment very difficult.
Obviously, the efforts of the authorities in the canton of Ti-
cino have helped to contain the spread of Ambrosia. Our
study results emphasise the importance of consistent meas-
ures and strategies to prevent a further spreading of Am-
brosia.

Conclusion

The exposure to high Ambrosia pollen concentrations (with
an average SPI of 4800) has had serious consequences.
During the last 4 years of the study, 70% of the pollen pos-
itive patients had been sensitised to Ambrosia and 90% of
this group suffered from Ambrosia allergy. However, these
consequences are not visible over the short term as the
sensitisation rates have been constantly increasing over a
period of more than 15 years, and the incidence of allergy
is delayed during the first years.
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Figures (large format)

Figure 1

Increase of sensitisation among patients in Legnano. The significance of the trends was calculated using the Mann-Kendall trend test: p
<0.001***.
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Figure 2

I Increase of Ambrosia allergy among Ambrosia SPT positive patients in Legnano. The significance of the trends was calculated using the
Mann-Kendall trend test: p <0.05*; p <0.01**.
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Figure 3

Seasonal pollen index (sum of daily concentrations from July-October) in Legnano (I) and Lugano (CH).

Figure 4

Maximum values of the daily pollen concentration in Legnano and Lugano.
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Figure 5

The daily concentration of Ambrosia pollen in Legnano in 2008 and the average daily concentration over the years 1995–2007.
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