
Clinical Allergy – Research Article

Int Arch Allergy Immunol 2020;181:128–135
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Abstract

Background: In contrast to the 3 major aeroallergens tree 

pollen, grass pollen, and house dust mites, allergic rhinitis 

caused by herbal pollen has received comparatively little at-

tention in recent clinical studies. Since various weeds flower 

during summer until fall, allergic rhinitis to weeds may be 

underdiagnosed and/or mistakenly diagnosed as grass pol-

len allergy. Objective: To investigate (i) the currently most 

frequent weed allergy between mugwort, ragweed, plan-

tain, chamomile, nettle, and oilseed rape and (ii) time trends 

in prevalence of sensitization to weed pollen in the middle 

of Germany over the last 20 years. Methods: This study, the 

largest of its kind to date, monocentrically evaluated the 

prick test results of a total of 6,220 patients with suspected 

RCA over a period of 20 years (1998–2017). Results: In the 

study cohort, sensitization rates to plantain almost doubled 

from 26.6% in the decade 1998–2007 to 50.5% in 2008–2017. 

Identical increases were observed for ragweed, while sensi-

tization rates for mugwort stayed largely unchanged. The 

most prominent increase in positive skin prick tests to plan-

tain and ragweed pollen was mainly observed in younger 

patients. Further, we identified a trend toward polysensitiza-

tion, currently dominated by plantain and ragweed. Sensiti-

zation to weed pollen was found to be highly associated 

with additional sensitizations to grass and/or birch pollen. 

Conclusion: Plantain is currently the best choice to screen 

rhinitis patients for weed allergy which identifies 86% of all 

weed-sensitized individuals, at least in Germany. Over the 

last 20 years, we demonstrate a significant rise in the total 

number of weed pollen sensitization as well as increases in 

polysensitization, predominantly in younger patients.

© 2019 S. Karger AG, Basel

Introduction

The prevalence of allergic sensitization especially to 
airborne allergens increased significantly over the last de-
cades, resulting in a high socioeconomic burden [1–4]. 

Edited by: H.-U. Simon, Bern.
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Symptomatic allergic rhinitis and bronchial asthma dur-
ing summertime and autumn may be caused by various 
weed pollen allergens. In a recent study on effects of cli-
mate change on pollen allergy in Europe, sensitization 
rates to ragweed (member of the weed plants) were pro-
jected to more than double in Europe, from 33 to 77 
 million people, by 2041–2060 [5]. Caused by a larger 
 geographical dissemination of ragweed, the greatest pro-
portional increases are expected in countries where sen-
sitization rates are currently low (e.g., Germany, Poland, 
France). In addition, higher pollen concentrations and a 
longer pollen seasons may also increase the severity of 
symptoms [5]. Patients with suspected grass pollen aller-
gy should be evaluated for additional allergies to weed 
pollen, due to overlapping flowering periods and consid-
erable rates of cosensitization [6]. Of note, the common-
ly used umbrella term “weed pollen” is only an inadequate 
auxiliary construct because it refers to several botanically 
quite different plant groups. Nonlignifying and nonper-
severing plants are grouped together as weeds. They in-
clude culinary herbs, medicinal plants, food plants and 
plants that cannot be used by humans or domestic ani-
mals [7]. Ragweed, mugwort, and chamomile are botani-
cally closely related and belong to the family of Astera-
ceae (Compositae). These are herbaceous plants whose 
inflorescences usually consist of densely standing indi-
vidual blooms [8]. The different types of plantain belong 
to the family of Plantaginaceae with quite diverse pheno-
types, which makes identification by nonspecialists some-
what difficult. Nettle plants are representatives of the 
family of Urticaceae, often easily detectable by their urti-
cating hairs. Oilseed rape belongs to the family Brassica-
ceae, cruciferous plants.

The prevalence of sensitization to one or more aeroal-
lergens in Germany according to the “German Health In-
terview and Examination Survey for Adults” (DEGS1) 
from 2008 to 2011 was calculated to be 33.6% of the gen-
eral population based upon specific IgE analyses [9]. Of 
note, 11.2% of the general population displayed a sensiti-
zation to weed pollen (summarizing different kinds of 
ragweed and mugwort) [9]. Sensitization to grass pollen, 
birch pollen, and house dust mites are most common and 
clinically relevant, with those against ragweed and mug-
wort occurring concomitantly [10–12]. Distinguishing 
cosensitization from cross reactivity, however, is difficult 
in clinical practice [13]. The most extensive data set stems 
from the multinational Ga2len network as multicenter, 
open-label, skin prick test (SPT) study in 14 European 
countries. By using this standardized SPT panel, analyses 
of weed pollen comprised exclusively mugwort, ragweed, 

and pellitory [14, 15]. The highest sensitization rates to 
weed pollen were detected in Hungary (ragweed 53.8%, 
mugwort 44.3%) [16]. Pellitory sensitization was mostly 
observed in Italy (33.2%), with low frequency in Germany 
(6.9%). The major populations of ragweed are found in 
South-East Europe (ranging geographically from south-
ern France, northern Italy, and Croatia to Serbia). Hun-
gary is considered one of the most ragweed-infested areas 
in Europe. In addition to the naturally occurring seed dis-
persal of ragweed pollen, the anthropogenic impact by 
transport and trade exchange appears to accelerate the 
ragweed distribution [17]. Due to the increasing con-
centrations of ragweed pollen by expanding populations 
in Germany and elsewhere, recent studies mainly focus 
on sensitization to ragweed pollen [18]. The “National 
Health and Nutrition Examination Survey” calculated 
that about 26% of the entire population of the United 
States is sensitized to ragweed, as determined by SPT [19]. 
Ragwitek®, a sublingual immunotherapy for ragweed al-
lergy, was approved in the United States by the FDA in 
2014 [20]. 

The most clinically relevant weed pollen causing aller-
gic symptoms in Germany seem to be mugwort and rag-
weed [16]. No other weed pollen was investigated in 
greater detail, and we are not aware of any studies focus-
ing on sensitization profiles to multiple different weed 
pollen. Therefore, the primary aim of this study was to 
investigate the prevalence of allergic sensitization to var-
ious weed pollen in the central region of Germany over a 
period of 20 years. Secondary, we analyzed cosensitiza-
tion of the weed pollen mugwort, plantain, ragweed, net-
tle, chamomile, and oilseed rape. Finally, cosensitization 
of the most prominent weed pollen mugwort, plantain, 
and ragweed with the most important outdoor aeroaller-
gens birch and grass pollen was addressed. 

Materials and Methods

Study Population
We retrospectively compiled data of 6,220 patients who under-

went SPT with aeroallergens in our tertiary referral center at the De-
partment of Dermatology, Venereology and Allergology at the Uni-
versity Medical Centre Göttingen located at the geographical center 
of Germany. The study period comprised the years 1998–2017. Sub-
group analysis was performed for the decades 1998–2007 (n = 3,539) 
and 2008–2017 (n = 2,681). Further subgroup analyses were per-
formed on patients who received the extensive weed SPT panel con-
sisting of all 6 investigated weed pollen (1998–2007, n = 652; 2008–
2017, n = 385). SPT with weed pollen was performed as part of an 
extensive standard diagnostic panel, and not in an aimed manner. 
Hence, we can largely exclude a selection bias due to more or less 
strict indication for SPT with weed pollen over the years. The some-
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what lower number of patients in the second decade investigated is 
caused by general structural changes in the allergy unit (reduced per-
sonnel), but not by more selective testing. Briefly, test results of all 
patients are recorded in local databases and, after anonymization, 
transmitted to the IVDK central office at the University of Göttin-
gen. This retrospective study has been reviewed and approved by the 
local Ethics Committee at the University Medical Center Göttingen.

Methods

SPT was performed according to national guidelines [21], with 
sensitization being defined as a positive SPT. Commercially available 
allergen extracts were used for all patients. Over the 20 years covered 
in this study, pollen extracts were purchased from 6 different com-
panies: Allergopharma (Reinbek, Germany), ALK-Abellò (Reinbek, 
Germany), Stallergenes (Antony, France), Bencard (Munich, Ger-
many), HAL (Leiden, Netherlands), and Novartis (Basel, Switzer-
land). SPT was performed on the back or the forearm with standard-
ized solutions of allergens. Histamine hydrochloride (10 mg/mL) 
was used as positive control and saline solution as negative control 

(both from Allergopharma). Different from current standards, a re-
action with an average wheal diameter ≥2 mm was assessed as posi-
tive; this parameter was consistent over the 20 years covered in this 
study. At the time of implementation of SPTs in the late 1990s, wheal 
reactions ≥2 mm were regarded as positive [22, 23]. Especially in 
epidemiological studies, the classification of wheals with a diameter 
of < 3 mm as a positive reaction was explicitly recommended at this 
time [24]. At present, only diameters ≥3 mm should be evaluated as 
positive results [21]. This historical reading parameter may lead to 
overestimation of positive SPTs in our study. Remarkably, the same 
3 persons always evaluated the test reactions during the entire 20-
year observation period, so that subjective interindividual differenc-
es due to changes in the evaluators were excluded.

Statistical Analysis
Data was analyzed using the statistical analysis software SAS©, 

version 9.4 (SAS Institute, Cary, NC, USA). Differences in propor-
tions between disjunct subgroups of patients were tested for sig-
nificance using the chi-square test. Each figure or table contains 
information on the significance levels in the legend: *  p < 0.05,  
** p < 0.01, *** p < 0.001 were considered significant. 
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26.6% (396/1,489) 50.5% (562/1,113)

21.4% (248/1,159) 36.3% (425/1,170)

35.9% (388/1,081) 43.4% (310/715)

20.4% (362/1,771) 31.3% (431/1,378)

26.1% (405/1,551) 27.4% (326/1,188)

Plantain

Ragweed

Chamomile

Oilseed rape

Mugwort

Nettle 14.2% (168/1,187) 25.0% (192/769)

<0.0001+89.9%

0.0015+69.6%

<0.0001+20.9%

<0.0001

<0.0001+53.4%

+5.0%

0.44+76.1%

Fig. 1. Prevalence of sensitization rates to 
the 6 weed pollen investigated (plantain, 
ragweed, chamomile, oilseed rape, mug-
wort, nettle), diagnosed by positive SPTs 
over 20 years. a Results are shown split into 
2 decades, 1998–2007 (n = 3,539 patients) 
and 2008–2017 (n = 2,681 patients), with 
total numbers of positive SPTs and total 
number of all tested patients to the respec-
tive allergen being shown. The increase in 
prevalence from 1998 to 2007 to 2008 to 
2017 is depicted in the category “change.” 
b More detailed time trends are depicted 
for all patients included (n = 6,620 pa-
tients), depicted in 2-year intervals. The 
detailed data sets can be found in online 
supplementary Table S1, including total 
numbers of the tested allergen, total num-
ber of patients with positive SPT, with per-
centage specification, as well as the confi-
dence interval. SPT, skin prick test.

C
o

lo
r 

ve
rs

io
n

 a
va

ila
b

le
 o

n
lin

e



Weed Pollen Allergy over 20 Years 131Int Arch Allergy Immunol 2020;181:128–135
DOI: 10.1159/000504297

Results

The SPT results of 6,220 patients with suspected allergic 
rhinitis or bronchial asthma for weed pollen sensitization 
were investigated. For some analyses, the 2 decades 1998–
2007 (3,539 patients) and 2008–2017 (2,681 patients) were 
compared in greater detail to identify trends. Age and sex 
distribution were largely constant over time, with more 
women being tested (63.3 vs. 36.8%; online suppl. Fig. S1; 
see www.karger.com/doi/10.1159/000504297 for all online 
suppl. material). Total patient count was about 25% lower 
in the second decade with 2,681 patients as compared to 
3,539 patients in the first decade. However, ragweed pollen 
was tested in about the same number of patients in both 
decades, but the number of patients tested with chamomile 
and nettle pollen was reduced to 2 thirds in the second de-
cade. Contrasting the results of the 2 decades, we found a 
highly significant increase in sensitization rates to all tested 
weed pollen over time, except for nettle (Fig.  1a). Most 
prominently, sensitization rates to plantain almost doubled 
(+89.9%), and ragweed increased by 69.6% during these 2 
decades (Fig. 1a). In contrast, the sensitization rate to mug-
wort remained mostly unchanged (26.1 vs. 27.4%). In-
depth analysis of 2-year-intervals of our study period re-
vealed an initial decline in sensitization frequencies to all 
weed pollen tested from 1998/1999 to 2001/2001, followed 
by an increase until 2006/2007 (Fig. 1b; extended data in 

online suppl. Table S1). Afterward, the sensitization to 
most weed pollen was almost constant, followed by a mod-
erate decline from 2012/2013 on. Exceptions were frequen-
cies of sensitization to ragweed pollen with a dramatic de-
crease from 49% in 2012/2013 to 16% in 2016/2017 and 
chamomile pollen with an increase from 34% in 2012/2013 
to 68% in 2016/2017.

Interestingly, compared to the first decade the most 
pronounced increase in sensitization to plantain and rag-
weed, respectively, occurred among younger people (0–
40 years) from 2008–2017 (Fig. 2). The sensitization rate 
to plantain and ragweed pollen almost doubled in youn-
ger people with highly significant changes, and similar 
trends were observed in patients > 40 years of age. How-
ever, sensitization rates to mugwort remained unaltered 
during these 2 decades. Since clinically relevant weed al-
lergy may be underdiagnosed due to overlapping flower-
ing times with the more prominent birch or grass pollen, 
we investigated cosensitization of these 3 most relevant 
weed pollen with birch and grass pollen sensitization. 
Positive SPTs to birch and grass pollen were associated 
with sensitizations to the most important weed pollen 
plantain or ragweed in > 75% of patients at all times, with-
out significant changes during the study period (Fig. 3). 
This finding underlines the necessity to carefully assess 
the clinical significance of positive SPT results, optimally 
by both nasal challenge and serological analyses. Since 
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this is a retrospective study, no blood samples were avail-
able to differentiate truly cosensitized from cross-sensi-
tized patients by serological analysis. 

With the aim to dissect sensitizations to rather uncom-
mon weed pollen such as chamomile, nettle, and oilseed 
rape, we performed subgroup analyses on patients who 
were tested by the extensive weed SPT panel consisting of 
all 6 weed pollen investigated (1998–2007, n = 652 pa-
tients; 2008–2017, n = 385 patients). In the first decade of 
our study, we found no sensitization to any weed pollen 
in 28.8% of patients, whereas only 12.5% of patients were 
identified with no sensitization from the second decade 
(online suppl. Table S2). More interestingly, monosensi-
tization to one of the 6 weed pollen tested (plantain, rag-
weed, mugwort, nettle, oilseed rape, chamomile) was rare, 

independent of the decade (18.1 vs. 17.1%). On the oppo-
site end of the spectrum, a positive SPT to all 6 pollen was 
found in 5.4 vs. 7.8% of individuals. In the second decade 
(2008–2017), plantain sensitization was dominant either 
individually (9.4%) or in combination with positive SPTs 
to other weed pollen. Figure 4 depicts positive SPTs to 
other weed pollen investigated, from the perspective of the 
individual weed. Positive SPTs to ≥3 weed pollen includ-
ing plantain revealed the highest rates (1998–2007: 28.5%; 
2008–2017: 49.6%), whereas positive SPTs to nettle were 
almost exclusively observed in combination with several 
other weed sensitizations. In addition, sensitization to 
ragweed increased in recent years (Fig.  4). While 1.6% 
(6/385) of patients displayed a monosensitization to rag-
weed only, the proportion of ragweed-sensitized patients 
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Fig. 3. Percentage of patients with positive 
SPTs to weed pollen (plantain, ragweed, or 
mugwort) with additional sensitization to 
grass or birch pollen in the years 1998–
2007 (n = 652 patients) and 2008–2017  
(n = 385 patients). Data were collected 
from subgroup analyses of patients who 
underwent SPTs with all 6 weed pollen ex-
tracts (plantain, ragweed, chamomile, oil-
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Fig. 4. Prevalence of positive SPTs to weed 
pollen (plantain, ragweed, chamomile, 
rape, mugwort, nettle) in the subpopula-
tions of patients who underwent SPTs with 
all 6 weed pollen extracts in the years 1998–
2007 (n = 652) and 2008–2017 (n = 385). In 
each column, the proportion of patients 
with positive SPT to 1, 2 or ≥3 of these 6 
pollen allergens is marked. SPT, skin prick 
test.
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to at least 3 different weeds doubled over time (1998–
2007: 23.5%; 2008–2017: 48.6%). Further, the number of 
patients with at least 3 positive SPTs to the 6 weed pollen 
increased for all weed pollen investigated from the first 
decade to the second. However, we did not identify a pat-
tern of related allergens in poly-sensitized patients. There-
fore, all profiles of positive SPTs to the 6 allergens with  
> 3 patients per group were depicted in a modified Venn 
diagram to identify overlapping pollen sensitizations 
(Fig. 5). Plantain and ragweed sensitizations were found 
to mostly coincide in our patient cohort from the last de-
cade with 86.1% positive SPTs to plantain and 64.2% pos-
itive SPTs to ragweed, respectively. However, this analysis 
did not reveal a pattern that allowed grouping positive 
SPTs according to the botanical relationship of the plants. 

Discussion 

To our knowledge, this is the first investigation on the 
prevalence of allergic sensitizations to weed pollen includ-
ing time trends over 20 years. Overall, as detected by SPT 
the prevalence of allergic sensitization to weed pollen in-
creased significantly. High increases were detected in the 
sensitization rates to plantain, ragweed, nettle, chamo-
mile, and oilseed rape pollen. Our results differ from the 
German DEGS1-study from 2008 to 2011 (n = 7,025 indi-
viduals) due to different selection of individuals and dif-
ferent methodology for determination of allergic sensiti-
zation [9]. The DEGS1-study found an average sensitiza-
tion rate of 11.2% to ragweed and mugwort, respectively, 
by analysis of specific IgE. Comparable results were ob-
tained in the German KiGGS-study in children and ado-
lescents from 2003 to 2006 (n = 12,988 individuals) [25]. 
Unfortunately, the single investigated weed pollen in this 
survey was mugwort with a prevalence of 10.9% according 
to analysis of specific IgE. However, higher rates were ex-
pected in our study cohort since we did not perform a 
population-based study such as the DEGS1- and KiGGS 
studies, but we diagnosed patients being referred for sus-
pected allergic rhinitis or bronchial asthma. Further, we 
performed SPTs, while the DEGS1- and KiGGS-study an-
alyzed specific IgE to exclusively mugwort, and addition-
ally ragweed in DEGS1. Most experts agree that SPT has 
the best predictive value for allergy-related disease [26], 
especially since SPTs display a higher specificity than 
analysis of specific IgE levels [27]. The most frequent al-
lergen plantain, as determined in our study cohort by 
comprehensive analysis, was never investigated in these 
population-based studies. Further, the results from the 

European prick test study (Ga2len network) reported a 
prevalence of sensitization in Germany to ragweed of 
14.4%, to mugwort of 22.5%, and to pellitory of 6.9% [16]. 

Earlier data showed a peak prevalence in allergic sensi-
tization in late puberty and early adulthood [28]. In a lon-
gitudinal study with randomly selected Danish pupils who 
underwent multiple SPTs over 20 years, a significant in-
crease in the overall sensitization rate to aeroallergens was 
observed between the age cohort 7–17 years and renewed 
SPTs 20 years later at the age of 27–37 years [2]. In an-
other longitudinal study on Swedish pupils, aeroallergen 
SPTs from 1996 compared with SPTs 10 years later in the 
same patients found a significant increase by 30% of posi-
tive aeroallergen SPTs [3]. The only investigated weed 
pollen in this study was mugwort, and sensitization rates 
to mugwort climbed by 2.6-fold. According to this data, 
we found an almost doubled sensitization rate of ragweed 
in the age groups of 0–20 and 21–40 years. Since ragweed 
is a neophyte in Germany, increasing ragweed popula-
tions have been registered since the 2000s predominantly 
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in the South and the East of Germany [18, 29]. Rueff and 
colleagues published a prevalence of 19.5% ragweed-sen-
sitized patients in Southern Bavaria (n = 190, SPT) [18]. 
Significant variation of sensitization rates to ragweed has 
been reported in European countries, the extremes rang-
ing from 2.3% in Finland to 53.8% in Hungary [16]. 

The results of our study clearly delineate noteworthy 
changes in the sensitization profiles to plantain in recent 
years, with a doubled-sensitization prevalence of 50.5% in 
patients with symptomatic allergic rhinitis. While rag-
weed sensitization follows a similar trend, sensitization 
rates to mugwort were found to remain largely unchanged 
over time. Detailed analyses of the SPTs demonstrated 
that the increased sensitization rate to almost all weed pol-
len, except for mugwort, is primarily based on an in-
creased polysensitization to different weed pollen. Espe-
cially the prevalence of positive SPTs to ≥3 weed pollen 
grew larger. Several investigations already observed a drift 
to increased multisensitization to aeroallergens [30, 31]. 
Particularly, an early onset of allergic sensitization is as-
sociated with multisensitization to aeroallergens [2, 3, 32]. 
Other data describe a rise in sensitization to grass and 
birch pollen [2, 3], the dominating outdoor allergens in 
Germany [9]. Interestingly, cosensitization to birch and 
grass pollen in our cohorts was consistent on a high level 
over 20 years. These results are in line with other studies, 
such as a study from Northern France displaying similar 
high prevalence rates as detected by SPTs [6]. They found 
cosensitization to grass pollen in 94.3 and 71.4% to birch, 
respectively, almost identical to our results. In-depth anal-
ysis with recombinant allergens revealed that 94.3% of the 
patients with positive SPT to plantain and grass displayed 
specific IgE to Phl p1/5, 65.7% to Bet v1, 17.6% to Art v1, 
and 34.3% to Pla l1. Inhibition experiments displayed only 
37.1% of the patients having a “true” plantain sensitization 
[6]. Other data showed a high association with grass pol-
len and cross reactivity to determinants such as Phl p5, 
without clinical relevance [10, 33]. On the other hand, an 
association of 86% to Pla l1 was demonstrated in patients 
with plantain allergy, which was supported by patient his-
tory, SPTs, and serological analyses [34]. Thus, available 
data are inconsistent, and the investigations were done in 
rather small groups of patients and different geographic 
areas. In conclusion of our large study cohort, plantain is 
probably an underestimated, but relevant aeroallergen. 
The current German Guideline recommends SPTs of 4 
different weed pollen in adults: pellitory, mugwort, rag-
weed, and plantain [21]. The recommended test panel for 
children includes no other weed pollen than mugwort and 
ragweed. Additionally, the “minimum test battery” of the 

European Galen study recommended testing of mugwort 
only [15]. From our results, we recommend SPT with the 
3 clinically most relevant weed pollen: mugwort, ragweed, 
and plantain, with plantain being the most reliable aller-
gen to screen for weed allergy. Indeed, we suspect that 
plantain is a potentially underestimated allergen due to 
lack of comprehensive investigations.

The lack of clinical details of the patients limits our 
analyses to the detection of sensitization rates. Further, 
the selection of patients at a university hospital does not 
necessarily reflect the sensitization profiles in the general 
population although the major issues should be reflected. 
Six different companies produced the SPT extracts in this 
study over 20 years. In contrast, only 3 experienced ex-
perts performed all SPTs in this study, thus diminishing 
individual differences in performing and reading SPTs. 
In summary, sensitization against weed pollen is an in-
creasing problem. The remarkable increase in sensitiza-
tion rates may predict a continuous increase in clinical 
manifestation of allergic airway disease. 

Statement of Ethics

This retrospective study has been reviewed and approved by 
the local Ethics Committee at the University Medical Center Göt-
tingen.

Disclosure Statement

None of the authors have a conflict of interest in relation to this 
work. The authors have no ethical conflicts to disclose.

Funding Sources

None.

Author Contributions

S.F., J.G., and T.B.: designed the study. T.F.: collected data. J.G.: 
extracted and compiled data; all authors discussed data. S.F. and 
T.B.: drafted the manuscript. All authors jointly discussed, re-
viewed, and amended the manuscript. All authors reviewed the 
final manuscript version and consented to its submission.

Availability of Data and Materials

Data and materials of this study are available at the authors on 
request.



Weed Pollen Allergy over 20 Years 135Int Arch Allergy Immunol 2020;181:128–135
DOI: 10.1159/000504297

References

 1 Asher MI, Montefort S, Björkstén B, Lai CK, 
Strachan DP, Weiland SK, et al.; ISAAC Phase 
Three Study Group. Worldwide time trends 
in the prevalence of symptoms of asthma, al-
lergic rhinoconjunctivitis, and eczema in 
childhood: ISAAC Phases One and Three re-
peat multicountry cross-sectional surveys. 
Lancet. 2006 Aug; 368(9537): 733–43.

 2 Schou Nielsen J, Meteran H, Ulrik CS, Pors-
bjerg C, Backer V. Natural history of skin 
prick test reactivity: A 20-year prospective 
study of a random population sample of chil-
dren and adolescents. Ann Allergy Asthma 
Immunol. 2017 Aug; 119(2): 184–188.e1.

 3 Ronmark E, Bjerg A, Perzanowski M, Platts-
Mills T, Lundback B. Major increase in aller-
gic sensitization in schoolchildren from 1996 
to 2006 in northern Sweden. J Allergy Clin 
Immunol. 2009; 124(2): 357–63, 63.e1–15.

 4 Zuberbier T, Lötvall J, Simoens S, Subrama-
nian SV, Church MK. Economic burden of 
inadequate management of allergic diseases 
in the European Union: a GA(2) LEN review. 
Allergy. 2014 Oct; 69(10): 1275–9.

 5 Lake IR, Jones NR, Agnew M, Goodess CM, 
Giorgi F, Hamaoui-Laguel L, et al. Climate 
Change and Future Pollen Allergy in Europe. 
Environ Health Perspect. 2017 Mar; 125(3): 

385–91.
 6 Stemeseder T, Metz-Favre C, de Blay F, Pauli 

G, Gadermaier G. Do Plantago lanceolata 
Skin Prick Test-Positive Patients Display IgE 
to Genuine Plantain Pollen Allergens? Inves-
tigation of Pollen Allergic Patients from the 
North-East of France. Int Arch Allergy Im-
munol. 2018; 177(2): 97–106.

 7 Stemeseder T, Hemmer W, Hawranek T, Ga-
dermaier G. Marker allergens of weed pol- 
len – basic considerations and diagnostic ben-
efits in the clinical routine: Part 16 of the Se-
ries Molecular Allergology. Allergo J Int. 
2014; 23(8): 274–80.

 8 Elomaa P, Zhao Y, Zhang T. Flower heads in 
Asteraceae-recruitment of conserved devel-
opmental regulators to control the flower-like 
inflorescence architecture. Hortic Res. 2018 
Jul; 5(1): 36.

 9 Haftenberger M, Laußmann D, Ellert U, 
Kalcklösch M, Langen U, Schlaud M, et al. 
[Prevalence of sensitisation to aeraoallergens 
and food allergens: results of the German 
Health Interview and Examination Survey for 
Adults (DEGS1)]. Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz. 
2013 May; 56(5-6): 687–97.

10 Asero R, Mistrello G, Roncarolo D, Casarini 
M. Detection of allergens in plantain (Plan-
tago lanceolata) pollen. Allergy. 2000 Nov; 

55(11): 1059–62.
11 Worm M, Lee HH, Kostev K. Prevalence and 

treatment profile of patients with grass pollen 
and house dust mite allergy. J Dtsch Dermatol 
Ges. 2013 Jul; 11(7): 653–61.

12 Brehler R, Stöcker B, Grundmann S. Aller- 
gy – current insights into prevention and di-
agnostic workup of immediate-type allergy 
and treatment of allergic rhinoconjunctivitis. 
J Dtsch Dermatol Ges. 2015 Aug; 13(8): 747–
62.

13 Canis M, Becker S, Gröger M, Kramer MF. 
IgE reactivity patterns in patients with allergic 
rhinoconjunctivitis to ragweed and mugwort 
pollens. Am J Rhinol Allergy. 2012 Jan-Feb; 

26(1): 31–5.
14 Heinzerling L, Frew AJ, Bindslev-Jensen C, 

Bonini S, Bousquet J, Bresciani M, et al. Stan-
dard skin prick testing and sensitization to in-
halant allergens across Europe – a survey 
from the GALEN network. Allergy. 2005 Oct; 

60(10): 1287–300.
15 Bousquet PJ, Burbach G, Heinzerling LM, 

Edenharter G, Bachert C, Bindslev-Jensen C, 
et al. GA2LEN skin test study III: minimum 
battery of test inhalent allergens needed in 
epidemiological studies in patients. Allergy. 
2009 Nov; 64(11): 1656–62.

16 Burbach GJ, Heinzerling LM, Edenharter G, 
Bachert C, Bindslev-Jensen C, Bonini S, et al. 
GA(2)LEN skin test study II: clinical rele-
vance of inhalant allergen sensitizations in 
Europe. Allergy. 2009 Oct; 64(10): 1507–15.

17 Bajwa AA, Nguyen T, Navie S, O’Donnell C, 
Adkins S. Weed seed spread and its preven-
tion: the role of roadside wash down. J Envi-
ron Manage. 2018 Feb; 208: 8–14.

18 Ruëff F, Przybilla B, Walker A, Gmeiner J, 
Kramer M, Sabanés-Bové D, et al. Sensitiza-
tion to common ragweed in southern Bavaria: 
clinical and geographical risk factors in atopic 
patients. Int Arch Allergy Immunol. 2012; 

159(1): 65–74.
19 Arbes SJ Jr, Gergen PJ, Elliott L, Zeldin DC. 

Prevalences of positive skin test responses to 
10 common allergens in the US population: 
results from the third National Health and 
Nutrition Examination Survey. J Allergy Clin 
Immunol. 2005 Aug; 116(2): 377–83.

20 Creticos PS, Pfaar O. Ragweed sublingual tab-
let immunotherapy: part I – evidence-based 
clinical efficacy and safety. Immunotherapy. 
2018 Jun; 10(7): 605–16.

21 Ruëff F, Bergmann KC, Brockow K, Fuchs  
T, Grübl A, Jung K, et al.; German Society  
for Allergology and Clinical Immunology; 
Guideline of the German Society for Allergol-
ogy and Clinical Immunology. [Skin tests for 
diagnostics of allergic immediate-type reac-
tions]. Pneumologie. 2011 Aug; 65(8): 484–95.

22 Pepys J. “Atopy”: a study in definition. Aller-
gy. 1994 Jul; 49(6): 397–9.

23 Bernstein IL. Proceedings of the Task Force 
on Guidelines for Standardizing Old and New 
Technologies Used for the Diagnosis and 
Treatment of Allergic Diseases. Washington, 
DC. June 18-19, 1987. J Allergy Clin Immu-
nol. 1988 Sep; 82(3 Pt 2): 487–526.

24 Bousquet J, Heinzerling L, Bachert C, Papa-
dopoulos NG, Bousquet PJ, Burney PG, et al.; 
Global Allergy and Asthma European Net-
work; Allergic Rhinitis and its Impact on 
Asthma. Practical guide to skin prick tests in 
allergy to aeroallergens. Allergy. 2012 Jan; 

67(1): 18–24.
25 Schmitz R, Ellert U, Kalcklösch M, Dahm S, 

Thamm M. Patterns of sensitization to in-
halant and food allergens – findings from 
the German Health Interview and Examina-
tion Survey for Children and Adolescents. 
Int Arch Allergy Immunol. 2013;  162(3): 

263–70.
26 Rø AD, Simpson MR, Storrø O, Johnsen R, 

Videm V, Øien T. The predictive value of al-
lergen skin prick tests and IgE tests at pre-
school age: the PACT study. Pediatr Allergy 
Immunol. 2014 Nov; 25(7): 691–8.

27 Chauveau A, Dalphin ML, Mauny F, Kaulek 
V, Schmausser-Hechfellner E, Renz H, et al.; 
PASTURE Study Group. Skin prick tests and 
specific IgE in 10-year-old children: agree-
ment and association with allergic diseases. 
Allergy. 2017 Sep; 72(9): 1365–73.

28 Park HJ, Lim HS, Park KH, Lee JH, Park JW, 
Hong CS. Changes in allergen sensitization 
over the last 30 years in Korea respiratory al-
lergic patients: a single-center. Allergy Asth-
ma Immunol Res. 2014 Sep; 6(5): 434–43.

29 Buters J, Alberternst B, Nawrath S, Wimmer 
M, Traidl-Hoffmann C, Starfinger U, et al. 
Ambrosia artemisiifolia (ragweed) in Germa-
ny – current presence, allergological rele-
vance and containment procedures. Allergo J 
Int. 2015; 24(4): 108–20.

30 Linneberg A, Gislum M, Johansen N, Huse-
moen LL, Jørgensen T. Temporal trends of 
aeroallergen sensitization over twenty-five 
years. Clin Exp Allergy. 2007 Aug; 37(8): 

1137–42.
31 Warm K, Lindberg A, Lundbäck B, Rönmark 

E. Increase in sensitization to common air-
borne allergens among adults – two popula-
tion-based studies 15  years apart. Allergy 
Asthma Clin Immunol. 2013 Jun; 9(1): 20.

32 Rönmark E, Warm K, Bjerg A, Backman H, 
Hedman L, Lundbäck B. High incidence and 
persistence of airborne allergen sensitization 
up to age 19 years. Allergy. 2017 May; 72(5): 

723–30.
33 Gadermaier G, Hauser M, Ferreira F. Aller-

gens of weed pollen: an overview on recombi-
nant and natural molecules. Methods. 2014 
Mar; 66(1): 55–66.

34 Calabozo B, Barber D, Polo F. Purification 
and characterization of the main allergen of 
Plantago lanceolata pollen, Pla l 1. Clin Exp 
Allergy. 2001 Feb; 31(2): 322–30.

https://www.karger.com/Article/FullText/504297?ref=1#ref1
https://www.karger.com/Article/FullText/504297?ref=2#ref2
https://www.karger.com/Article/FullText/504297?ref=2#ref2
https://www.karger.com/Article/FullText/504297?ref=3#ref3
https://www.karger.com/Article/FullText/504297?ref=3#ref3
https://www.karger.com/Article/FullText/504297?ref=4#ref4
https://www.karger.com/Article/FullText/504297?ref=5#ref5
https://www.karger.com/Article/FullText/504297?ref=6#ref6
https://www.karger.com/Article/FullText/504297?ref=6#ref6
https://www.karger.com/Article/FullText/504297?ref=7#ref7
https://www.karger.com/Article/FullText/504297?ref=8#ref8
https://www.karger.com/Article/FullText/504297?ref=9#ref9
https://www.karger.com/Article/FullText/504297?ref=9#ref9
https://www.karger.com/Article/FullText/504297?ref=10#ref10
https://www.karger.com/Article/FullText/504297?ref=11#ref11
https://www.karger.com/Article/FullText/504297?ref=11#ref11
https://www.karger.com/Article/FullText/504297?ref=12#ref12
https://www.karger.com/Article/FullText/504297?ref=13#ref13
https://www.karger.com/Article/FullText/504297?ref=14#ref14
https://www.karger.com/Article/FullText/504297?ref=15#ref15
https://www.karger.com/Article/FullText/504297?ref=16#ref16
https://www.karger.com/Article/FullText/504297?ref=17#ref17
https://www.karger.com/Article/FullText/504297?ref=17#ref17
https://www.karger.com/Article/FullText/504297?ref=18#ref18
https://www.karger.com/Article/FullText/504297?ref=19#ref19
https://www.karger.com/Article/FullText/504297?ref=19#ref19
https://www.karger.com/Article/FullText/504297?ref=20#ref20
https://www.karger.com/Article/FullText/504297?ref=21#ref21
https://www.karger.com/Article/FullText/504297?ref=22#ref22
https://www.karger.com/Article/FullText/504297?ref=22#ref22
https://www.karger.com/Article/FullText/504297?ref=23#ref23
https://www.karger.com/Article/FullText/504297?ref=23#ref23
https://www.karger.com/Article/FullText/504297?ref=24#ref24
https://www.karger.com/Article/FullText/504297?ref=25#ref25
https://www.karger.com/Article/FullText/504297?ref=26#ref26
https://www.karger.com/Article/FullText/504297?ref=26#ref26
https://www.karger.com/Article/FullText/504297?ref=27#ref27
https://www.karger.com/Article/FullText/504297?ref=28#ref28
https://www.karger.com/Article/FullText/504297?ref=28#ref28
https://www.karger.com/Article/FullText/504297?ref=29#ref29
https://www.karger.com/Article/FullText/504297?ref=29#ref29
https://www.karger.com/Article/FullText/504297?ref=30#ref30
https://www.karger.com/Article/FullText/504297?ref=31#ref31
https://www.karger.com/Article/FullText/504297?ref=31#ref31
https://www.karger.com/Article/FullText/504297?ref=32#ref32
https://www.karger.com/Article/FullText/504297?ref=33#ref33
https://www.karger.com/Article/FullText/504297?ref=34#ref34
https://www.karger.com/Article/FullText/504297?ref=34#ref34

