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Supplementary Note 1: Data for Ambrosia pollen exposure map

In the context of seasonal pollen integrals or pollen exposure, we use the terms ‘ragweed’ or
‘Ambrosia’ instead of ’common ragweed’ or ’A. artemisiifolia’ since pollen monitoring
programs do not distinguish among different Ambrosia species (for the occurrence of other
Ambrosia species in the study region see Materials and Methods in the main paper). The data
used for mapping ragweed pollen exposure in Europe originated from studies conducted in the
frame of the EU COST action SMARTER over the main centres in Italy!, France?, Austria®,
the Pannonian Plain* and supplemented with data from 19 different countries obtained from
Sikoparija et al.®, Hoflich et al.®, Buters et al.” and Peternel et al.8. Each geographical location
with daily ragweed pollen integrals (number of pollen per cubic meter) corresponds to a
calibration point in the mapping, where the data point provides the overall ragweed exposure
in that point. Additional calibration points outside the main ragweed regions were obtained
from studies that provided complete pollen calendars during the selected period (calendar day
200-305) in order to strengthen the interpolation results near the common ragweed invasion
fronts. The inclusion requirement was that the studies report full calendars (including potential
non-identified pollen) thereby documenting low or no occurrence of Ambrosia pollen. Based
on this criterion, we included three stations in Spain®*! and six in Turkey and Cyprus*?’ (Fig.
1b).
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Supplementary Note 2: Overall sensitisation rates among the European population and

ragweed sensitisation rates among the sensitised European population

A review of the literature produced 50 geo-referenced data sets from 16 European countries
providing sensitisation rates among the general population based on skin prick tests or
circulating Immunoglobulin E (IgE) tests. The data were extracted from four studies: 27
locations by Bousquet et al.’8, six locations by Ackermann-Liebrich et al.°, one location by
Blomme et al.?® and 16 locations by Newson et al.? (Fig. 2b; Supplementary Data 2).

The review on ragweed sensitisation rates among sensitised persons, based on ragweed
specific skin prick tests and ragweed specific circulating IgE tests, provided 80 geographical
areas within 22 European countries from 29 different national or international studies?®1%21-47,
In addition, ragweed sensitisation rate among the sensitised population was calculated at 27
locations using tabular information in Bousquet et al.'®, providing 22 additional sites and 5
supplementing site data. The data from 22 French locations from the study by Thibaudon et
al.? provided annual normalised values for each region based on data collected during 2005-
2008 and did not include percentages similar to all the other studies. In our calculations we
assumed a similar number of patients per department which may introduce small errors. Here
we used mean values for the entire period and rescaled the normalised values to actual values
by using data from the medical centres in regions of Montpellier, Paris and Grenoble given in
Heinzerling et al.?® and Bousquet et al.'® as these regions are also found in Thibaudon et al..
Each of the 102 locations was given geographical attributes corresponding to the central town
in the region, choosing the geographical coordinates of the university hospital or another large
central hospital if they were present in the region (Fig. 2c; Supplementary Data 2).

To obtain a complete coverage of sensitisation rates across Europe, we included studies
using skin prick tests and circulating IgE tests either alone or in combination to obtain a
complete coverage of sensitisation rates across Europe. While the two methods may differ in
sensitivity and specificity, they usually provide comparable results and are used

interchangeably in allergy research*4°,
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Supplementary Note 3: Estimation of health costs due to ragweed allergies

Average treatment costs per patient and costs related to work absenteeism were calculated from
data provided in the final report of the EU project on *Assessing and controlling the spread and
the effects of common ragweed in Europe’™ and from a database compiled by the ‘Agence
régionale de santé Auvergne-Rhone-Alpes’ (www.auvergne-rhone-alpes.ars.sante.fr/) from the
Rhone-Alpes region in south-eastern France. Bullock et al.>® summarized information on
treatment costs from nine European countries, based on information provided by national
experts and the project team.

The costs per patient and year provided in Bullock et al.>® vary considerably and the
distribution of the costs is highly skewed. We, therefore, decided to use the median (Euro 565
per year), rather than the average costs (Euro 1,168 per year). Also, due to a lack of data from
many of the countries included in our analysis, we decided to use a European-wide average,
rather than country-specific cost estimates. Bullock et al.>® based their estimation of the average
European ragweed allergic person annual treatment costs on the costs for immunotherapy
treatment in the UK, which amounted to approximately Euro 3,030 in 2011. Assuming that the
costs for immunotherapy treatment are the total cost for medication per patient over 10 years
of treating allergic reactions to A. artemisiifolia pollen exposure, this resulted in Euro 303 per
patient per year. Based on the average annual treatment costs, Bullock et al.>® estimated that
the total medical costs of ragweed in Europe amount to Euro 721 million (Euro 237-1,537
million) and the socio-economic costs related to work absenteeism to Euro 178 million (Euro
67-1,480 million), which is approximately 25% of the medical costs and thus higher than the

percentage used in our study.

We based the costs related to work absenteeism, relative to the medical costs, on
information obtained from the Rhone-Alpes region in south-eastern France (www.auvergne-
rhone-alpes.ars.sante.fr/). Work time lost amounted to an average of 18.5% of the annual
amount of treatment costs for the period of 2010-2015 (Supplementary Data 6), resulting in
combined treatment and lost work time costs of Euro 565 * 1.185 = Euro 670 per patient and

year.

Recently, Linneberg et al.>* conducted a systematic review of European studies on the

costs associated with allergic respiratory diseases. They found that the median direct
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(treatment) costs for seasonal allergic rhinitis caused by pollen from studies published over the
last 25 years amounted to Euro 426 per patient (mean costs Euro 436) and median indirect
costs, mainly due to absenteeism, to Euro 538 per patient (mean costs Euro 813). Hence, while
the European-wide average direct costs per patient for seasonal allergic rhinitis are lower than
our estimates for ragweed pollen-caused allergies, the indirect costs and the overall costs (Euro
964) are higher.

Supplementary Data 7 summarizes the medical cost estimates due to A. artemisiifolia
before the arrival of O. communa and at the point in time when O. communa will have colonised
its entire environmental niche in Europe. The cost estimates were obtained for each country by
multiplying the combined treatment and lost work time costs (Euro 670) with the number of
clinically relevant ragweed sensitised persons. The table reports both the uncorrected as well
as the purchasing power parity (PPP)-adjusted medical costs. PPP-adjusted costs were obtained
by weighting the treatment and lost work time costs at the country level using PPP-adjusted
health expenditures per capita for 2015 from the Global Health Expenditure Database®?.
Although the PPP approach remains debatable®, we adopted the PPP-adjusted cost estimates

as they are more conservative.

It is well documented that the exposure to A. artemisiifolia and Artemisia spp. can lead
to extensive IgE cross-reactivity and clinical symptoms®. Thus, theoretically, a change in A.
artemisiifolia pollen integrals might not change the situation for a large proportion of weed-
sensitised patients, as pollen originating from related species will trigger allergic symptoms
also in the absence of A. artemisiifolia pollen. However, as shown for the Rhone-Alpes region
in south-eastern France (Supplementary Fig. 4b) and for the Milano area in Northern Italy
(Supplementary Fig. 6d), A. artemisiifolia pollen integrals in heavily invaded regions in
southern Europe are far higher than the pollen integrals for Artemisia spp. Hence, a change in
A. artemisiifolia pollen integrals in these regions is likely to result in a corresponding change
in number of patients. This is also supported by the highly significant relationship between the
A. artemisiifolia pollen integral and the number of patients in the 313 communities of the
Rhone-Alpes region (Supplementary Fig. 5). While some anti-allergic/asthma medication
purchased during the flowering season of ragweed were most likely used to treat other allergies,

the highly significant relationship shown in Supplementary Fig. 5 reveals that the number of



116  patients in the communities of the Rhéne-Alpes region is largely determined by the size of the

117  local A. artemisiifolia pollen integral.
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Supplementary Figure 1. Map of the study area.
The study area includes the EU countries, Albania, Bosnia-Herzegovina, Kosovo, Macedonia,
Montenegro, Serbia, Switzerland, Norway and Iceland (countries coloured wheat).
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128  Supplementary Figure 2. Standard deviation of the interpolated seasonal pollen integrals
129  for Ambrosia (number of grains per cubic meter of air) across Europe before the
130  establishment of Ophraella communa (data from 2004-2012; see Fig. 1).
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135  Supplementary Figure 3. Distribution of 62 pollen monitoring stations in France.

136  Data on seasonal pollen integral for ragweed were used to interpolate the community-level
137  pollen exposure in the Rhdne-Alpes region.
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Supplementary Figure 4. Seasonal pollen integrals for Ambrosia for the Rhone-Alpes
region in France.

a Interpolation of seasonal pollen integrals for Ambrosia for the Rhone-Alpes region in France
during the period 2007 to 2015. Given are average seasonal Ambrosia pollen integrals per
community in the region, based on interpolation of seasonal pollen integrals obtained from all
pollen monitoring stations in France (Supplementary Fig. 3).

b Comparison of daily pollen integrals for Ambrosia and Artemisia spp. during the flowering
season in the Rhone-Alpes region in France (data from 2013-2018).

11



152

153

154
155
156
157
158
159
160

161

600 <
fg\ L]
g 5007 R -
E s * «? - *
§ ’ .. .'I
o 400 R ,
8 L] . . ¢ N - *
o e, : .: » ° .
— vy T Lt e N L'
— T s e P
© . . . ey e

300 -y L
2 TSR
% . ® :. - " :’? [ "o .'.o -
5 . Y Hd .
& 2004 ° TS e
e v Lt . N .
5] . - . . ,
5 _‘ ] - *
sl . . . -
£ 100 -
.

0_
T T T T T T
0 500 1,000 1,500 2,000 2,500

Seasonal pollen integral for ragweed

Supplementary Figure 5. Relationship between seasonal Ambrosia pollen integrals and
the number of patients suffering from A. artemisiifolia allergies in the Rhone-Alpes region
in south-eastern France.

The data are based on average seasonal Ambrosia pollen integrals for 313 communities in the
region (period 2007 to 2015), cut-off at 3 pollen grains per cubic meter of air for calculation of
season length to account for interpolation error. Regression: log(y) = 0,84 log(x), t = 87.84, P
<0.001.
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Supplementary Figure 6. Seasonal Ambrosia pollen integrals for the Milano area before
and after the arrival of Ophraella communa.

a Average daily Ambrosia pollen integrals (number of pollen/m® and day) for the Milano area
before the beetle’s arrival (short-dashed line; 2004-2012) and after the beetle’s arrival (long-
dashed line; 2013-2018), and the beetle’s relative impact on daily pollen counts (dash-dotted
line).

b Estimated reduction in seasonal pollen counts due to the ragweed leaf beetle. The lines depict
the cubic spline estimates using cross medians as knots to fit the spline function.

c Probability of days without Ambrosia pollen after the establishment of O. communa. Given
is the period during which Ambrosia pollen were recorded prior to the establishment of O.
communa (2004-2012).

d Average daily pollen counts for Ambrosia (long-dashed line) and Artemisia (short-dashed
line) in the Milano area before the beetle’s arrival (2004-2012).
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Supplementary Figure 7. Lower and upper limits of the combined 95% confidence
intervals for the predicted distribution of A. artemisiifolia and number of generations per

year of Ophraella communa in Europe.

a The lower limit of the 95% confidence interval for the predicted distribution of O. communa
is shown with the upper limit of the 95% confidence interval for the species distribution model
for A. artemisiifolia.

b The upper limit of the 95% confidence interval for the predicted distribution of O. communa
with the lower limit of the 95% confidence interval for the species distribution model for A.

artemisiifolia.

These two combinations represent the extreme range of the projected impact of O. communa
on seasonal pollen integrals of A. artemisiifolia across Europe, relative to the Cls of the two

species distribution models.
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Supplementary Figure 8. Projected impact of the ragweed leaf beetle Ophraella communa
on the seasonal exposure of the European population to Ambrosia pollen.

a Exposure of the general population.

b Exposure of the ragweed sensitised population.

Short-dashed line: exposure before the establishment of O. communa (2004-2012). Long-
dashed line: projected exposure once O. communa will have colonised its entire environmental
niche in Europe. The population share is defined as the share of people exposed to levels of
common ragweed pollen above the pollen count threshold (10 pollen per cubic meter and

season; see main text) divided by the total population.
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