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Abstract
Introduction: Climate change may increase the spread of 
allergenic plants such as ragweed. Ragweed pollen is 
assumed to be more allergenic than birch pollen. De
termining pollen threshold concentrations triggering 
symptoms is challenging. Technical modifications to the 
Fraunhofer allergen challenge chamber (ACC) now allow 
investigation of very low pollen concentrations. Based on 
Total Nasal Symptom Score (TNSS) data from 15 subjects 
with birch pollen allergic rhinitis (AR), a birch pollen 
threshold between 50 and 100 pollen grains/m3 of air was 
previously derived. This study explored threshold 
concentrations of ragweed pollen. Methods: Two rag
weed pollen AR patients were exposed to varying con
centrations of ragweed pollen for 4 h. TNSS was recorded 
every 20 min, and nasal secretion and peak nasal inspi
ratory flow hourly. Area under the curve (AUC0-240) values 
were calculated. Ex vivo basophil activation tests with 

varying concentrations of ragweed pollen, Amb a 1, birch 
pollen, and Bet v 1 were performed for both ragweed 
pollen AR patients and 6 of the 15 birch pollen AR pa
tients. Mean effective concentrations (EC50) for CD63 
expression were calculated. Results: Ragweed pollen 
exposure resulted in the following TNSS AUC0-240 values: 
28/23 at 0, 18/17 at 50, 13/27 at 100, 40/40 at 200, 29/16 at 
300, and 55/47 at 1,000 pollen grains/m3. For CD63 
expression, the mean EC50 was 277 pollen/mL for 
ragweed pollen, 884 ng/mL for Amb a 1, 11 pollen/mL 
for birch pollen, and 0.13 ng/mL for Bet v 1. On average, 
the proportion of Amb a 1 in ragweed pollen was 0.17%, 
and the proportion of Bet v 1 in birch pollen 1.96%.
Conclusion: The modified Fraunhofer ACC can investi
gate pollen threshold concentrations under defined 
conditions. The assumed differences in threshold con
centrations of ragweed and birch pollen for triggering 
symptoms were not confirmed. To derive reliable 
threshold concentrations for ragweed pollen, larger 
studies have to be followed. © 2026 The Author(s). 
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Introduction

Ragweed, a plant native to North America, probably 
arrived in Europe via grain or clover seeds [1]. Today, it 
is mainly found in France (Rhone Valley), Italy (Po 
Valley), Hungary, and neighboring countries like Ro
mania and Ukraine [1–3]. It was found growing wild in 
Germany as early as 1860 and was long considered 
unstable and rare, but it has been spreading for several 
years [1]. Nowadays, the region around Drebkau in 
south-eastern Brandenburg is considered a ragweed 
hotspot [4, 5].

The plant flowers in late summer and early autumn. It 
poses a problem for both, agriculture and the health 
system, because it occurs as a “weed” and reduces crop 
yields, and because of its high sensitization and allergy 
potential, respectively [2, 3, 5].

According to a provocation study with ragweed 
pollen grains applied from gelatine capsules by nasal 
insufflation, only 10 ragweed pollen grains triggered 
allergic reactions [6]. A systematic literature analysis 
from the period July–August 2021 in the databases 

PubMed and Scopus identified 6 original studies de
scribing threshold values for ragweed pollen and 6 
describing threshold values for birch pollen [7]. In the 
majority of these studies, threshold values in the 
double-digit range were reported. However, due to 
differences in methodology, study population, and 
target organs, results can hardly be compared [7]. In 
2022, a field study under natural conditions, con
ducted in Northern Italy, revealed ragweed pollen 
concentration thresholds of 1.33, 3.33, 14.5, and 50.67 
pollen grains/m3 for low, medium-low, medium-high, 
and high symptom severity levels, respectively [8]. 
Currently, in Germany a daily average of more than 10 
ragweed pollen grains/m3 is classified as high stress 
intensity, and the corresponding value for birch pol
len, one of the main allergenic pollen in Germany, 
is 50 [9].

None of the above-cited studies used an allergen 
challenge chamber (ACC) approach for threshold in
vestigation. ACC allows natural exposure under defined 
environmental conditions. Technically, they are aimed at 
ensuring pollen concentrations high enough to surely 

Table 1. Characteristics of participating subjects

Study population Test 
received

Participant 
number

Gender Age, 
years

Specific IgE to Amb a 1 
(Ragweed pollen study population)/ 
Bet v 1 (Birch pollen study 
population), kU/L

FEV1, % 
pred

Mean TNSS 
140–240 min 
at screening 
challenge

Ragweed 
pollen AR

ACC, 
BAT

1 Male 48 3.3 94.0 6
2 Male 34 15.4 101.8 5.7

Ragweed pollen 
control group

BAT 4 Female 32 <0.1 – –
6 Female 29 0.68 – –

Birch pollen AR BAT 3 Female 58 11.1 105.9 1.5
5 female 40 12.4 112.2 3.3
7 Male 55 7.6 115.5 3.7
9 Female 43 4.4 105.6 1.2
11 Female 26 34.3 98.0 2.2
12 Female 30 4.3 107.2 2.8

Birch pollen 
control group

BAT 20 Male 55 <0.1 – –
21 Male 49 0.91* – –
22 Female 22 N/A – –
23 Female 31 <0.1 – –
24 Female 29 0.31 – –
25 Female 22 N/A – –

AR, allergic rhinitis; ACC, allergen challenge chamber; BAT, basophil activation test; kU/L, kilounits/L; FEV1, forced expiratory 
volume in 1 s; % pred., percent of predicted normal; TNSS, Total Nasal Symptom Score; N/A, not available; –, no data collected.
*Study participant 21 showed a slightly elevated specific IgE to Bet v 1 (CAP class 2). However, there was no allergy to birch pollen. 
The participant’s in vitro results were comparable to those of the other healthy controls.
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(For legend see next page.)
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induce allergic symptoms, and this might explain why 
ACC has not been used for threshold studies so far.

Technical modifications to the Fraunhofer ACC have 
made it possible to investigate the effects of very low 
pollen concentrations on humans. Based on Total Nasal 
Symptom Score (TNSS) data from 15 patients with birch 
pollen seasonal allergic rhinitis (AR), we recently derived 
a threshold concentration between 50 and 100 pollen 
grains/m3 of air for birch pollen [10].

Next, we aimed at deriving an ACC-generated 
threshold value for ragweed pollen. Additionally, we 
wanted to compare allergenicity of ragweed and birch 
pollen using ex vivo basophil activation test (BAT).

Methods

Pollen
A single batch of ragweed pollen (105 g of batch 

number AMBE.0321) and a single batch of birch pollen 
(105 g of batch number BETP.1021) were purchased 
from Pharmallerga (Lisov, Czech Republic). Pollen was 
produced, tested, and released by the manufacturer 
according to ISO 9001 standards and stored at the study 
site under controlled conditions at 5 ± 3°C.

For use in ACC experiments, ragweed pollen aliquots 
were poured into the reservoir of the pollen dispenser, 
and the desired pollen concentration was generated as 
described by Struß et al. [10]. In the chamber, pollen 
concentrations were controlled using two Rotorod 
samplers (Rotorod, Multidata, Minneapolis, MN, USA).

For BAT experiments, pollen mass was converted into 
pollen count using a Neubauer counting chamber by 
counting pollen in 10 µL of a suspension of 2.5 mg pollen 
suspended in 1 mL phosphate-buffered saline (Fisher 
Scientific GmbH, Schwerte, Germany) supplemented with 
0.5% bovine serum albumin (Sigma-Aldrich, Taufkirchen, 
Germany). The concentration of Amb a 1 and Bet v 1 in 
ragweed and birch pollen, respectively, was measured by 
ELISA (Indoor Biotechnologies, Charlottesville, USA).

ACC Experiments
Detailed information on the basic study design 

including targeted sample size, study population, ACC 
settings, exposure sequence, study endpoints, and 

statistics is given in Struß et al. [10]. Shortly, in analogy 
to birch pollen exposures a sample size of at least 15 
adult patients with primary ragweed pollen AR was 
aimed at, the validated Fraunhofer ACC would be run 
according to site-specific standard operation proce
dures, allergen challenges would last for 4 h, exposure 
sequence would be partly customizable depending on 
data, primary ACC study endpoint would be TNSS 
data from 140 to 240 min, and secondary endpoints 
would be peak nasal inspiratory flow (PNIF) and nasal 
secretion (NS) [10].

As in the greater Hanover area, only 6 patients 
with ragweed pollen AR could be identified over a 
period of 13 months despite intensive screening 
activities with social media campaigns and news
paper advertisements, and as only 2 of them could be 
allocated to screening exposure, adjustments had to 
be made to (i) sample size (n = 2), (ii) study pop
ulation (negation of the upper limit of the inclusion 
criterion “mild to moderate rhinitis symptoms de
fined by a mean TNSS between 1 and 8 after the 4- 
hour screening challenge with 1,000 pollen/m3”), 
(iii) exposure sequence (set at 0, 300, 50, 200, 100 
pollen grains/m3), and (iv) statistics (calculation of 
area under the curve [AUC] values from data from 0 
to 240 min). Ragweed pollen exposures took place 
between October 2024 and December 2024. Nasal 
symptoms were evaluated as a patient-reported 
outcome prior to and every 20 min during allergen 
challenge using the TNSS. PNIF and NS were as
sessed hourly. Details for assessment of TNSS and NS 
are described by Struß et al. [10]. PNIF was measured 
using a pneumotach (Jaeger Medical GmbH, 
Höchberg, Germany) connected to a tight-sealing 
disposable face mask with a bacterial filter. Partic
ipants performed 2–3 tidal nasal breaths (mouth 
closed), a full exhalation, and a maximal nasal sniff. 
Three acceptable maneuvers were obtained, and the 
highest value was reported.

BAT Experiments
BAT was performed as described by Carstensen 

et al. [11]. Peripheral blood was used from (i) patients 
with ragweed pollen AR, (ii) patients with birch 
pollen AR, and (iii) respective healthy controls. 

Fig. 1. AUC0-240 values for TNSS (a, b), NS (c, d), and PNIF 
(e, f). Dark and light blue bars show values of participant 1 and 
participant 2 with ragweed pollen AR, respectively. Green bars and 
vertical lines show mean values and standard deviation, respectively, 
of 15 participants with birch pollen AR, described in detail [10]. Due 

to a technical error, the PNIF value for 1,000 pollen/m3 was not 
available for participant 2 with ragweed pollen AR. AUC0-240, area 
under the curve 0–240 min; TNSS, Total Nasal Symptom Score; NS, 
nasal secretion; g, gram; PNIF, peak nasal inspiratory flow; L/s, liter 
per second; N/A, not available.
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Ragweed pollen was tested at final concentrations of 
250,000, 100,000, 25,000, 10,000, 1,000, 100, and 
10 ng/mL corresponding to 66,597, 26,639, 6,660, 
2,664, 666, 266, 27, and 2.7 pollen/mL. Amb a 1 
(BIOZOL Diagnostica Vertrieb GmbH, Hamburg, 
Germany) was tested at final concentrations of 
183,333, 100,000, 25,000, 10,000, 2,500, 1,000, 100, 
and 10 ng/mL. Birch pollen was tested at final con
centrations of 2,500, 1,000, 500, 250, 100, 25, 10, and 
1 ng/mL, corresponding to 509.7, 203.9, 101.9, 51.0, 
20.4, 5.1, 2.0, and 0.2 pollen/mL. Bet v 1 (Hölzel 
Diagnostika Handels GmbH, Cologne, Germany) was 
tested at final concentrations of 10, 2.5, 1.0, 0.75, 0.5, 
0.25, and 0.1 ng/mL. Anti-IgE (HP6061, final con
centration 0.45 μg/mL; SouthernBiotech, Birming
ham, UK) was used as positive control, and assay 
buffer as negative control. Basophilic expression of 
CD63 (% positive cells) and CD203c (mean fluo
rescence intensity) was used as readout parameters. 

BATs with birch pollen and Bet v 1 were done be
tween January 2023 and March 2023, BATs with 
ragweed pollen and Amb a 1 in February 2025.

Statistics
For ACC data, AUC values from 0 to 240 min were 

calculated by summing the corresponding TNSS, PNIF, 
and NS data, respectively. For BAT data, GraphPad Prism 
10.4.1 was used to calculate EC50 values by implementing a 
four-parameter, nonlinear agonist regression model.

Results

Participants and Demographics
Characteristics of participating subjects are given in 

Table 1. For BAT, the 6 participants with birch pollen AR 
were recruited from the study population of 15 patients 
participating in the birch pollen ACC experiments [10]. 

2
(Figure continued on next page.)
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Participants of the respective healthy control groups 
were recruited from the Fraunhofer ITEM study par
ticipant database.

ACC Data
The evaluation of the two Rotorod samplers yielded the 

following pollen chamber concentrations (mean pollen 
grains/m3 ± % deviation), and respective target concen
trations (pollen grains/m3) are given in square brackets: 0 ± 0 
[0], 47.0 ± 6.0 [50], 96.5 ± 3.5 [100], 212.0 ± 6.0 [200], 311.5 ± 
3.8 [300], and 1,016 ± 1.6 [1,000]. For the corresponding 
pollen concentrations, outcomes for TNSS, NS, and PNIF 
are shown as AUC0-240 values in Figure 1. In addition to data 
from the 2 patients with ragweed pollen AR, respective mean 
AUC0-240 values from the birch pollen AR cohort, described 

in [10], are shown. As expected, highest TNSS and NS values 
and lowest PNIF values were found at the highest pollen 
concentration, 1,000 pollen grains/m3.

BAT Data
Data on basophil activation measured by CD63 and 

CD203c expression are shown in Figure 2. In blood from 
AR patients, the mean EC50 for CD63 expression was 
277 pollen/mL for ragweed pollen, 884 ng/mL for Amb a 1, 
11 pollen/mL for birch pollen, and 0.13 ng/mL for Bet v 1. 
In blood from control participants, no basophil activation 
was observed. On average, 1,000 ng ragweed pollen con
tained 1.7 ng Amb a 1 and 1,000 ng birch pollen contained 
19.6 ng Bet v 1 meaning an Amb a 1 proportion of 0.17% 
and a Bet v 1 proportion of 1.96%, respectively.

Fig. 2. Basophilic CD63 and CD203c expression in response to 
ragweed pollen (a, b), Amb a 1 (c, d), birch pollen (e, f), and Bet v 
1 (g, h). Dark and light blue bars show values of participant 1 and 
participant 2 with ragweed pollen AR, respectively. Green bars 
show values of participants with birch pollen AR. Gray bars show 

values of respective healthy controls. In e–h, bars indicate median 
values and vertical lines respective minimum and maximum 
values of n = 6 each. EC50, mean effective concentration for 
respective patient data; NC, negative control; PC, positive control; 
MFI, mean fluorescence intensity.
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Discussion

Within the study period, in the greater Hanover area 
only 2 patients with ragweed pollen AR could be al
located to screening exposure. Like most parts of 
Germany, the greater Hanover area is not yet a rag
weed hotspot. It is possible that a larger number of 
patients with ragweed pollen AR would have been 
found in the ragweed hotspot region around Drebkau 
in south-eastern Brandenburg [4, 5]. However, 
searching for patients in this region and testing pa
tients from this region in the Fraunhofer ACC would 
have exceeded the time, and financial and logistical 
scope of this study.

Due to the limited number of patients with ragweed 
pollen AR, respective ACC and BAT experiments 
could only provide initial indicative data on ragweed 
pollen thresholds. Interestingly, these preliminary data 
do not support the assumed difference in the allergenic 
potential of ragweed and birch pollen: (1) while the 
threshold concentration of birch pollen for inducing 
symptoms in patients with birch pollen AR was be
tween 50 and 100 pollen/m3 [10], both patients with 
ragweed pollen AR showed relevant clinical symptoms 
at concentrations of 200 ragweed pollen/m3. (2) The 
concentrations of ragweed pollen and Amb a 1 re
quired to activate basophils in the BAT were many 
times higher than those of birch pollen and Bet v 1, 
respectively.

To obtain reliable data on ragweed pollen thresholds, 
studies with larger groups of test subjects have to be 
followed. Furthermore, our experiments are valid for the 
groups of participating subjects and pollen batches only 
and need to be confirmed by other study centers.

Besides intrinsic factors, extrinsic factors like air 
quality and climate change affect the allergenicity of 
pollen and the allergic predisposition of people [12]. 
Both ACC and BAT cannot reflect the complexity of the 
real world, as field studies can, but can provide data 
under controlled environmental conditions and, in the 
case of ACC, under natural exposure conditions. Thus, 
ACC and BAT are powerful tools for comparing the 
allergenic potential of pollen, for instance, in the context 
of climate change-associated changes in pollen allergy.
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