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ABSTRACT

Background: Allergic rhinitis/rhinoconjunctivitis is the most common immune disease world-
wide, but still largely underestimated, underdiagnosed, and undertreated. Dysbiosis and reduced
microbial diversity is linked to the development of allergies, and the immunomodulatory effects of
pro- and prebiotics might be used to counteract microbiome dysbiosis in allergy. Adequate
symbiotic (multi-strain pro-, plus prebiotic) supplementation can be suggested as a complemen-
tary approach in the management of allergic rhinitis.

Objective: The effects of the daily intake of a symbiotic food supplement (combination of
Lactobacillus acidophilus NCFM and Bifidobacterium lactis BL-04 with Fructo-Oligosaccharides) for
4 months in birch pollen allergic rhinoconjunctivitis patients were investigated for the first time in
an allergen exposure chamber (AEC) allowing standardised, reproducible pollen exposure before
and after intake.

Methods: Eligible patients were exposed to birch pollen (8000 pollen/m3 for 120 min) at the
GA2LEN AEC, at baseline (V1) and final visit (V3) outside the season. The Total Symptom Score
(TSS) and the scores for nose, eye, bronchial system, and others were evaluated every 10 min
during exposure. Other secondary endpoints were the changes in well-being, Peak Nasal Inspi-
ratory Flow (PNIF), lung function parameters, and safety. Co-primary endpoints were differences in
Total Nasal Symptom Score (TNSS) and TSS after 120 min of exposure between both visits.
Temporal evolution of symptom scores were analysed in an exploratory way using linear mixed
effects models.

Results: 27 patients (mean age 45 years, 15% male) completed the study. Both co-primary
endpoints showed significant improvement after intake of the symbiotic. Median TNSS and TSS
were decreased 50% and 80% at 120 min (adjusted p-value ¼ 0.025 and p < 0.01 respectively).
All four symptom scores and the personal well-being, improved to a clinically relevant extent over
time, visible by a weaker increase in symptoms during 120 min of the final birch pollen exposure.
No relevant differences were observed for PNIF, PEF, and spirometry. There were no airway ob-
structions or lung restrictions before and after both exposures. Late phase reactions after exposure
were reduced after V3, documenting a better birch pollen tolerability of the patients. The safety
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and tolerability profile of the symbiotic food supplement was excellent, no adverse events (AEs)
were observed.

Conclusions: This first evaluation of a symbiotic food supplement in an AEC in rhinoconjunctivitis
patients with or without asthma induced by birch pollen revealed a significant beneficial effect,
harnessing significant improvements of symptoms and well-being while maintaining an excellent
safety and tolerability profile.

Keywords: Symbiotic, Probiotic, Food supplement, Allergen exposure chamber (AEC), Birch

pollen allergy, Peak expiratory flow (PEFBackspace), Peak nasal inspiratory flow (PNIF), Total symp-
tom score (TSS)
INTRODUCTION host.9,11,12 The beneficial properties of probiotics,
The prevalence of allergic diseases is steadily
increasing.1 Allergic rhinitis (AR)/
rhinoconjunctivitis (ARC) is the most common
immune disease and one of the most common
chronic diseases worldwide.1 The socio-
economic impact of AR and its comorbidities are
considerable for healthcare systems and patients
all around the globe.1 Almost 1 in 3 Europeans is
affected by AR, but it still remains largely
underestimated, underdiagnosed, and
undertreated.1

Allergen immunotherapy (AIT) is well estab-
lished as the only causative treatment to date,1 but
there are additional strategies to relieve symptoms
of allergic patients, such as the modification of the
patient's microbiome and the increase of microbial
stimuli from beneficial bacterial strains. Recently, a
high number of articles have been published in the
field of microbiome research, investigating the
effects of the loss of microbial diversity linked to
the development of allergies, as described in the
hygiene hypothesis and farm effect2-8 Gut
microbiota dysbiosis has a high influence on
asthma pathogenesis. Dysbiosis and reduced
microbial diversity can dysregulate the
bidirectional crosstalk along the gut-lung axis,
probably resulting in hypersensitivity and hyper
reactivity to respiratory as well as food allergens,9

also recognized in the field of non-IgE mediated
food allergy.10

According to the World Health Organization
(WHO), probiotics are defined as live microor-
ganisms which need to be administered in
adequate amounts to confer a health benefit to the
prebiotics (non-digestible food ingredients
selectively stimulating the favourable growth and/
or activity of probiotics),13 and symbiotics (the
combination of probiotics and prebiotics)13 only
start to be recognized in allergic diseases and
allergy prevention.14-16 Therefore, counteracting
microbiome dysbiosis in allergy and asthma
using probiotics seems reasonable,17,18 and
certain probiotic strains have immunomodulatory
effects in favour of a suppression of Th2 and
stimulation of a Th1 profile.13

The concept of using pro-, pre- and symbiotics
in food allergic subjects is currently on the rise in
the field of milk allergy19 and also analysed in
paediatric populations.20 Whereas in peanut
allergy the concept of oral immunotherapy (OIT)
combined with probiotics is under
investigation,21 in the field of allergies to
airborne allergens it has been studied several
times before. These studies suggest that certain
strains of probiotic bacteria, such as Lactobacilli
and Bifidobacteria, can improve allergy
symptoms like rhinitis or rhinoconjunctivitis.22-31

Although these studies vary in quality, the effects
have shown to be reproducible, and using pre-,
pro-, or symbiotics as complementary treatment
options in AR seems to be a promising concept.13

Pollagen (Germany and Austria, Bencard Aller-
gie GmbH, and Italy, Allergy Therapeutics Italia)/
Polagen (Spain, Allergy Therapeutics Ibérica), a
symbiotic combination of Lactobacillus acidophi-
lus NCFM/Bifidobacterium lactis BL-04/Fructo-Oli-
gosaccharides, consumed by patients with
clinically documented AR over a period of 4
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months reduced the total nasal symptoms and
ARIA (Allergic Rhinitis and its Impact on Asthma)
classification of rhinitis. This study supports the
idea that an adequate symbiotic multi-strain sup-
plementation can be seen as a novel adjuvant
concept in the management of seasonal and
perennial allergic rhinitis (SAR, PAR). Lactobacillus
acidophilus NCFM and Bifidobacterium lactis BL-
04, are relevant candidates for this purpose.32 This
combination of probiotic strains also prevented
the pollen-induced infiltration of eosinophils into
the nasal mucosa. This is an objective marker of AR
directly correlating with the intensity of the dis-
ease, and it indicated a trend for reduced nasal
symptoms in this study.24,33

To overcome the problem of non-standardised
and non-reproducible pollen exposure during the
season in clinical trials, an allergen exposure
chamber (AEC) is an existing option. A certified
and validated AEC is a highly standardised plat-
form to perform clinical studies with allergic pa-
tients and reliably generate allergic symptoms.34

Type and amount of pollen as well as duration of
exposure, temperature, and humidity are
standardised (after validation studies were
performed), leading to study results that are
reproducible and more comparable than natural
exposures, which can vary between pollen
seasons.35,36 The clinical efficacy of a probiotic in
Japanese cedar pollen allergy was successfully
shown in an AEC study.26 However, to the best
of our knowledge, there have been no prior
reports on the use of an AEC in the evaluation of
the efficacy of probiotics in the treatment of birch
pollen-induced rhinoconjunctivitis.

The current study is the first confirmatory study
with patients suffering from ARC due to birch
pollen, investigating the effects of the daily intake
of a symbiotic food supplement for 4 months by a
controlled provocation in an AEC before (baseline)
and after (final) intake.
METHODS

Study design

The prospective study “257-P-19, Probio-
tics_Birch17” investigated the effect of a symbiotic
food supplement in patients with rhinoconjuncti-
vitis symptoms induced by birch pollen (Fig. 1).
Between June 2019 and January 2020, patients
who met the eligibility criteria at screening (visit
0, V0) were exposed to birch pollen at the
GA2LEN AEC of ECARF Institute Berlin (Germany)
at baseline (V1) as well as at the final visit (V3),
both outside the birch pollen season. A safety
call (V2 and V4) was performed 24 h after both
exposures.

Between V1 and V3 all patients were provided
with the symbiotic food supplement consisting of a
combination of the probiotic strains Lactobacillus
acidophilus NCFM and Bifidobacterium lactis BL-
04, as well as the prebiotic Fructo-
Oligosaccharides (FOS). The patients took 1
sachet per day as suggested by the instructions for
use, for 4 months.24,32

Patient population

Patients were eligible if they were aged 18–65
years, non-smokers or had quit smoking at least 1
year ago, with a documented history of clinically
relevant birch pollen sensitization (skin prick test
[SPT] wheal diameter to birch � 3 mm), and rhi-
noconjunctivitis symptoms induced by birch pollen
for at least 2 years according to the ARIA criteria.
All patients had to have a positive nasal provoca-
tion test (NPT) to birch pollen and/or a reaction to
birch pollen in an AEC of TNSS � 3 before this
study.

The main exclusion criteria were allergen
immunotherapy (AIT) to birch pollen during the
last 5 years, clinically relevant hypersensitivity to
the ingredients of the symbiotic product, clinically
relevant sensitization to grass pollen, house dust
mite (Dermatophagoides pteronyssinus, Dermato-
phagoides farinae) and/or cat allergen, severe or
uncontrolled asthma during the 3 months before
screening, FEV1 < 80% predicted before allergen
exposure, and relevant infectious or severe chronic
diseases or contraindication to adrenaline and/or
other rescue medication.

Allergen Exposure Chamber

The GA2LEN AEC of ECARF Institute is a mobile
flexible chamber of two standard 7.32 m High-
Cube-Containers that can be connected to a unit
of 7.45 m � 4.90 m x 2.86 m.34,35,36 In the
standardised and validated chamber, exposure is
performed with 8000 natural, non defatted Betula



Fig. 1 Study design scheme. The scheme shows the visits (V0–V4) during the study period including the parameters recorded at each visit.
(V: visit, AEC: Allergen Exposure Chamber, TNSS: Total Nasal Symptom Score, TESS: Total Eye Symptom Score, TBSS: Total Bronchial
Symptom Score, TOSS: Total Other Symptom Score, PNIF: Peak Nasal Inspiratory Flow, PEF: Peak Expiratory Flow, VAS: Visual Analogue
Scale)
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pendula pollen/m3 (white birch, betula verrucosa)
for 120 min at 21 �C and 55% relative air
moisture, after an acclimatisation period without
exposure for 20 min. During a validation study in
this AEC with different exposure periods and
doses of birch pollen, the 8000 pollen/m3 for
120 min were shown to best reflect the known
symptoms during the season and the Total Nasal
Symptom Score (TNSS) being the best clinical
parameter.35,36
Outcomes

During the exposure, Total Nasal Symptom
Score (TNSS: sum of the 4 nasal symptoms runny
nose, sneezing, itchy nose, and blocked nose),
Total Eye Symptom Score (TESS: sum of the 4 eye
symptoms itchy eyes, redness, watery eyes, and
gritty feeling), Total Bronchial Symptom Score
(TBSS: sum of the 4 bronchial symptoms wheezing,
cough, breathlessness, and asthma) and Total
Other Symptom Score (TOSS: sum of the 2 symp-
toms itchy palate, and itchy skin) were evaluated
every 10 min by the patients. Each single symptom
was rated on a scale of 0–3 (no symptoms, mild
symptoms, moderate symptoms, and severe
symptoms). The Total Symptom Score (TSS) is the
sum of TNSS, TESS, TBSS, and TOSS, leading to a
maximum of 42.

Co-primary endpoints were the change in TNSS
and TSS after 120 min exposure to birch pollen in
the AEC at V1 compared to V3. Further exploratory
endpoints were the temporal evolution during
120 min exposure and the difference between
those temporal trends between baseline (V1) and
end of study (V3) in TNSS, TESS, TBSS, TOSS and
TSS; changes in Visual Analogue Scale (VAS, per-
sonal well-being from 0 ¼ very good to 10 ¼ very
bad), Peak Nasal Inspiratory Flow (PNIF, Peak
Nasal Inspiratory Flow Meter, Clement Clarke In-
ternational Ltd., Harlow, Essex, UK) and Peak
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Expiratory Flow (PEF, Peak-Flow-Meter, Personal
Best, Philips GmbH, Herrsching, Germany) recor-
ded at 0, 30, 60, 90, 120 min of exposure,
spirometry (FEV1, FEV1/FVC, MEF25-75, EasyOne�
Spirometer, ndd Medizintechnik AG, Zürich
Schweiz) performed before and after exposure.
Adverse events (AEs) related to the symbiotic
product were recorded during the entire study
and a safety call performed 24 h after each expo-
sure in the chamber to collect late phase reactions
or AEs related to the exposure.

Study oversight

The study protocol was approved by the Ethics
Committee of the Charité, Berlin (EA1/098/17). All
participants received detailed information from
the study doctor and gave their written informed
consent to participate and agreed that their data
will be processed and saved according to the
General Data Protection Regulation. The study was
conducted in accordance with the Declaration of
Helsinki and in compliance with all federal, local,
or regional requirements. The study was spon-
sored by Bencard Allergie GmbH. All data pro-
vided are pseudonymised to respect the privacy of
patients who have participated in the study in line
with applicable laws and regulations.

Statistical analysis

The study was planned as a confirmatory study
with 24 patients including some exploratory end-
points. The two co-primary endpoints were ana-
lysed using paired Wilcoxon-Test (Wilcoxon signed
rank test with continuity correction) and the cor-
responding p-values were adjusted for multiple
testing using the Bonferroni correction.

Percent changes between visits were calculated
by first calculating the median of values measured
in V1 and V3 separately over all patients. The
following equation was applied to obtain percent
changes: [(median V3 – median V1)/median V1]
*100. Median and interquartile ranges (IQR) are
given together with percent changes.

Symptom scores, VAS, PNIF, and PEF were
analysed for their linear evolution over time using
linear mixed effects models with patients as
random effects accounting for inter-individual
variability in baseline symptom scores and treat-
ment (before vs after intake of the symbiotic
product), time, and interaction between treatment
and time as fixed effects. Model assumptions were
checked visually with quantile-quantile plots. Ana-
lyses were performed with R version 3.5.337 using
package “lme4” for mixed effects modelling38 and
package “multcomp” for estimating p-values of
fixed effects.39 Apart from 95% confidence
intervals for fixed effects in linear mixed effects
models, p-values are given as descriptive
summary measures not as results of confirmatory
testing. For comparison, mean symptom scores
over all patients for all 13 measurements were
calculated and presented with 95% confidence
intervals. The changes of PNIF and PEF were
judged from the point of clinical relevance and
described using median and inter quartile ranges.
RESULTS

Baseline demographics and disease
characteristics

Thirty rhinoconjunctivitis patients with or without
asthma fulfilling the inclusion criteria started the
study and were exposed at V1. 27 patients (11
with, 16 without asthma) completed the study and
were included in the data analysis. Mean age was
45 years (SD 11.8 years), and 15% were male
(Table 1). All included patients rated at least 2
symptoms (runny nose, blocked nose, itchy nose,
sneezing, itchy eyes) as moderate or severe
before study start. The three drop-outs were not
related to the intake of the symbiotic food
supplement.
Efficacy

At both exposures (V1 and V3), patients recor-
ded their nasal (TNSS), eye (TESS), bronchial
(TBSS),and other (TOSS) symptoms every 10 min
over a period of 120 min. Co-primary endpoints of
the study were the differences between V3 and V1
for TNSS and TSS at 120 min exposure (Fig. 2). The
median TNSS at V1 after 120 min was 2 (IQR: 1–4)
compared to 1 (IQR: 0–1) at V3, which describes a
significant difference of �50% (adjusted p-
value ¼ 0.025). In addition, also the median TSS
at 120 min exposure in the AEC was significantly
reduced from 5 (IQR: 1.5–10.5) at V1 to 1 (IQR:
1–4.5) at V3 after treatment with the symbiotic
food supplement, which marks a clinically



Age (years) N ¼ 27 Mean: 44.8 (SDb: 11.8) Median: 45.00 Minc: 23.00 Maxd: 65.00

Gender n (%) N¼27 Male: 4 (15) Female: 23 (85)

Smoker n (%) N¼27 Yes: 0 (0) No: 27 (100)

AITa > 5 years n (%) N¼27 Yes: 10 (37) No: 17 (63)

Table 1. Demographic and baseline Characteristics a. Allergen Immunotherapy b. Standard deviation c. Minimum d. Maximum
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relevant reduction of 80% (adjusted p-
value ¼ 0.0097).

For all 4 symptom scores, we observed a
remarkable improvement of symptoms visible by a
weaker increase in symptoms over time (Fig. 3A).
The linear mixed effects models, which adjusted
for inter-individual variability by estimating a
random intercept per patient, identified relevant
fixed effects for time in the AEC and relevant
interaction effects between time spent in AEC and
treatment with the symbiotic product for all 4
symptom scores. The results for all scores are
summarised in Table 2. During 120 min of
exposure to birch pollen in the AEC the TNSS
increased by 0.016 per minute (95% CI: 0.012–
0.020, p < 10�15) on average during V1. After 4
months of intake of the symbiotic, the slope was
decreased by 0.010 per minute (95% CI: 0.015 to
0.0046 decrease, p ¼ 0.00030) identified by the
interaction term in the linear mixed effects
model. Mean TNSS was reduced from 1.85 (95%
CI: 1.66–2.04) during V1 to 1.16 (95% CI: 1.01–
1.36) during V3, corresponding to a relevant
reduction of 0.66 points (�36%) (differences
between values are based on non-rounded
Fig. 2 Co-primary endpoints Total Nasal Symptom Score (TNSS) and T
symbiotic intake evaluated at 120 min birch pollen exposure. The co-pr
Symptom Score (TSS) showed a significant improvement at V3 (blue) a
120 min in the AEC. Median TNSS at V1 after 120 min was 2 (IQR: 1–4)
(adjusted p-value¼ 0.025). The median TSS at 120 min exposure in the A
1–4.5) at V3 after treatment, marking a clinically relevant reduction of 8
numbers, which also applies for the subsequent
calculations).

Results for the TESS were comparable, the TESS
increased by 0.015 per minute (95% CI: 0.012–
0.019, p < 10�16) on average during V1. After
treatment, the slope was decreased. The mean
TESS was reduced from 1.15 (95% CI: 0.96–1.34)
during V1 to 0.68 (95% CI: 0.56–0.79) during V3,
describing a relevant reduction of 0.48 points
(�41%).

During V1 the TBSS increased by 0.0067 on
average per minute (95% CI: 0.0044–0.0091,
p < 10�7). After the symbiotic intake period, the
slope was decreased. Mean TBSS was reduced
from 0.71 (95% CI: 0.56–0.86) during V1 to 0.36
(95% CI: 0.28–0.45) during V3, showing a relevant
reduction of 0.34 points (�49%).

Itching palate is an often reported symptom in
allergic rhinoconjunctivitis. The mean TOSS was
reduced from 0.80 (95% CI: 0.68–0.93) during V1
to 0.37 (95% CI: 0.30–0.44) during V3, corre-
sponding to a relevant reduction of 0.44 points
(�54%).
otal Symptom Score (TSS) at baseline and after 4 months of
imary endpoints A: Total Nasal Symptom Score (TNSS) and B: Total
fter the symbiotic intake period compared to V1 (red) analysed at
and 1 (IQR: 0–1) at V3, describing a significant difference of �50%
EC was significantly reduced from 5 (IQR: 1.5–10.5) at V1 to 1 (IQR:
0% (adjusted p-value ¼ 0.0097). (*p-value <0.05, **p-value <0.01)

https://doi.org/10.1016/j.waojou.2020.100494


Volume 14, No. 1, Month 2021 7
Fig. 3B shows the development of the TSS, the
sum of symptoms of the nose, eyes, bronchial
system, and others for each time point during
120 min provocation with birch pollen in the
AEC. The TSS increased by 0.046 per minute
(95% CI: 0.037–0.055, p < 10�15) on average
during V1. After treatment, the change over time
was decreased. Mean TSS was reduced from 4.5
(95% CI: 3.9–5.1) during V1 to 2.6 (95% CI: 2.3–
2.9) during V3. This corresponds to a clinically
relevant reduction of 1.9 points (�43%) for the
sum of all symptoms for the total population.

There were no relevant differences observed for
the Peak Nasal Inspiratory Flow (PNIF) (Fig. 4A).
Also spirometry parameters (not shown) did not
exhibit relevant differences between V1 and V3,
however, since there were no obstructions or
restrictions measured before and after exposure
at baseline, differences were not expected at V3.

The Peak Expiratory Flow (PEF) decreased
slightly after 60 min of exposure in the AEC at V1
from median PEF 390 L/min (IQR: 300–445) to
median PEF 370 L/min after 90 min (IQR: 315–440)
and median PEF 360 after 120 min (IQR: 315–445)
(Fig. 4B). This decrease was not clinically relevant.
After 4 months of symbiotic intake at V3, the PEF
Fig. 3 Symptom scores (Total Nasal Symptom Score (TNSS), Total Eye S
Other Symptom Score (TOSS), Total Symptom Score (TSS)) analysed for
at baseline and after 4 months of symbiotic intake. A: TNSS, TESS, TBS
exposure and the sum of the four scores is depicted as TSS (B). All four
pollen exposure in the Allergen Exposure Chamber (AEC) after the tre
values remained stable during exposure (median
ranged from 390 to 415 for the five
measurements) and showed a slight tendency for
an improved value at 120 min exposure since
PEF was 405 after 120 min (IQR: 350–470)
compared to 360 during V1. The personal well-
being of the patients, evaluated via Visual
Analogue Scale (VAS, lower values represent bet-
ter well-being) was improved at the second expo-
sure (V3) (Fig. 4C). At the end of the exposure after
120 min median VAS was reduced by 50%
between V1 (median ¼ 22, IQR: 11–44) and V3
(median ¼ 11, IQR: 6–23.5), which represents a
relevant increase of the patient's personal well-
being.

In the safety calls 24 h after baseline exposure
with birch pollen (V2), 11 patients reported late
phase reactions due to the exposure: itchy and
tearing eyes, irritated or sore throat, thirst, swal-
lowing problems, dyspnoea, obstructed nose,
headache, itchy skin and mild urticaria, cough, and
sneezing. During the safety call 24 h after end of
the second exposure (V4) only 3 patients reported
late phase reactions: sneezing, mild cough, chest
tightness, or mild dyspnoea, indicating an increase
in tolerability to the pollen exposure after the
intake of the symbiotic food supplement.
ymptom Score (TESS), Total Bronchial Symptom Score (TBSS), Total
their linear evolution over time of birch pollen exposure in the AEC
S and TOSS were recorded every 10 min during the 120 min
scores decreased to a relevant extent during the 120 min of birch
atment period (V3) compared to baseline (V1)



V1 mean
score

(95% CI)

V3 mean
score

(95% CI)
Difference V1 slope/min (95% CI) p

Slope
decrease

between V1
and V3/min
(95% CI)

p
V3

slope/
min

TNSS 1.85
(1.66–
2.04)

1.16
(1.01–
1.36)

- 36% 0.016 (0.012–0.020) <10
�15

0.010
(0.015–
0.0046)

0.0003 0.006

TESS 1.15
(0.96–
1.34)

0.68
(0.56–
0.79)

- 41% 0.015 (0.012–0.019) <10
�16

0.011
(0.015–
0.006)

<10�5 0.004

TBSS 0.71
(0.56–
0.86)

0.36
(0.28–
0.45)

- 49% 0.0067 (0.0044–0.0091) <10
�7

0.0065
(0.0098–
0.0031)

0.0002 0.0002

TOSS 0.80
(0.68–
0.93)

0.37
(0.30–
0.44)

- 54% 0.0083 (0.0064–0.010) <10
�15

0.0064
(0.0091–
0.0038)

<10�5 0.0019

TSS 4.5 (3.9–
5.1)

2.6 (2.3–
2.9)

- 43% 0.046 (0.037–0.055) <10
�15

0.034
(0.047–
0.021)

<10�6 0.012

Table 2. Results for all scores This table summarizes the results of the linear mixed effects model, analysing the symptom scores for their linear evolution
over time. The mean scores (95% CI) during V1 and V3 and the percentage difference between baseline (V1) and final (V3) exposure are given. The slope per
minute (95% CI) is given for V1 and the slope decrease between V1 and V3 per minute (95% CI) is shown including p-values as descriptive summary measures.
V3 slope per minute is the difference between (V1 slope/min – slope decrease between V1 and V3/min)
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Safety

No AEs related to the food supplement were re-
ported during the intake period and the safety calls.
DISCUSSION

The protective farm effect on the development
of diseases like allergy and asthma has been
intensively discussed for many years and efforts
have been taken to transform these findings into
therapeutic concepts. The consumption of unpas-
teurised (raw) cow's milk seems to be an important
part of the farm effect by contributing to the low
prevalence of asthma and allergies in farm chil-
dren.40 However, the consumption of raw milk
cannot be recommended due to the risk of life-
threatening infections. Interestingly, there are
experimental concepts to profit from the benefits
of raw cow's milk, but bypassing the risks coming
with its consumption. An idea, which is currently
being evaluated in a clinical trial, is the consump-
tion of minimally processed cow's milk, which is
microbiologically safe, but still has heat-labile
molecules and more components in the fat frac-
tion compared to industrially processed milk.40
Roth-Walter et al. recently published another
approach in this direction, a study on the protec-
tive effect of loaded beta-lactoglobulin, the major
whey protein in cow's milk, in prevention and
therapy of allergy.41 The authors showed that the
treatment with iron-quercetin-loaded beta-lacto-
globulin protected mice from sensitization and
had the ability to impair mast cell degranulation.
Beta-lactoglobulin was detected in the air of cow
sheds, implying a potential route for mucosal
tolerance induction via the nasal epithelium and
therefore probably delivering an important part of
the mechanism of the protective farm effect.42

Additionally, beneficial bacterial strains or
components, isolated from stables, were shown
to induce protection and likely contribute to the
farm effect.2,3 Probiotics with proven beneficial
bacterial strains (eg, also combined with
prebiotics) are therefore a reasonable option in
allergy prevention and therapy. Nasal probiotic
products have been studied and a recent study
showed that the beneficial Lactobacillus casei
AMBR2 can rapidly colonize the nasal epithelium
and withstand nasal clearance to a certain extent.
This study was performed only in healthy subjects
and the beneficial properties should be

https://doi.org/10.1016/j.waojou.2020.100494


Fig. 4 Peak Nasal Inspiratory Flow (PNIF), Peak Expiratory Flow (PEF) and Visual Analogue Scale (VAS) representing the personal well-being
during 120 min of birch pollen exposure in the AEC at baseline and after 4 months of symbiotic intake. A: PNIF (l/min), B: PEF (l/min) and C:
personal well-being (VAS) were recorded every 30 min during the 120 min exposure. PNIF and PEF did not show a relevant difference after
the treatment period (V3) compared to baseline (V1). The personal well-being recorded via VAS showed a relevant improvement after the
treatment period (V3) compared to baseline (V1)
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confirmed in patients.43 The usefulness of oral pro-
and symbiotic products as an adjunct therapy in
allergic diseases was discussed controversially in
the past and solid clinical data was requested.44,45

In this study, the effects of an orally adminis-
tered symbiotic food supplement, taken daily for 4
months, were investigated in birch pollen allergic
patients for the very first time in a highly stand-
ardised and validated allergen exposure chamber
before and after intake of the symbiotic product.
Patients observe comparable symptoms as during
the allergy season, when exposed to birch pollen
in the AEC. This procedure can be reproduced in
the same setting, with the same method and the
same amount of pollen after the intake period,
enabling the patient to realise improvement or
worsening of the symptoms. Patients record their
symptoms during the exposure period of 120 min,
the cumulative effect of pollen exposure can be
realised and symptoms of different organs like
eyes, nose, and respiratory tract can be collected
separately. This increases the reliability of the re-
sults.35 Although sample size was not calculated
during the planning phase for this first evaluation
of a symbiotic food supplement in birch pollen
allergy in an AEC, we defined the number of
participating patients as being adequate and
feasible to investigate the objectives of the study.
Nevertheless, the lack of pre-study sample size
estimation is a limitation of our study.

The probiotic/prebiotic combination led to
robust and clinically relevant treatment effects af-
ter an intake period of only 4 months in adults with
rhinoconjunctivitis with or without asthma induced
by birch pollen, which was shown by the significant
reduction in Total Nasal Symptom Score (TNSS)
and Total Symptom Score (TSS) analysed after
120 min of birch pollen exposure in the AEC.
Nasal, conjunctival, bronchial and other symptoms
were decreased to a clinically relevant extent
during the final exposure. The late phase reactions
induced by the AEC provocation procedure were
markedly reduced at the end of the study as a
marker for better tolerability of the birch allergen
and the personal well-being of the patients
increased at the final visit compared to baseline. In
addition, the symbiotic food supplement showed
an excellent safety and tolerability profile.
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The only other study evaluating a probiotic
(Bifidobacterium longum BB536) in the field of
allergic rhinitis in an AEC was done in subjects
allergic to Japanese Cedar Pollen (JCP).26 The
intake of a probiotic twice daily for 4 weeks
compared with placebo in 21 patients was
investigated in a double-blind, placebo-
controlled, crossover study. The study had no
baseline AEC exposure, the exposure after end of
treatment with a comparable setting (6500–7000
pollen/m3, 4 h exposure period, symptoms
recording every 30 min) indicated that compared
to placebo, the probiotic intake was associated
with significant less ocular symptoms, starting after
80 min. No improvement in nasal, throat or
disruption of normal activities during pollen ex-
posures in patients with JCP allergy were shown.
During the days after JCP exposure an improve-
ment of both, the scores for the disruption of
normal activities and the need for medication use,
could be observed. In our study the intake of the
symbiotic product with two different strains for 4
months resulted in much higher efficacy shown as
significant reduction in TNSS and TSS. The late
phase reactions, inflammatory reactions that occur
several hours after contact with the allergen
contributing to cell damage, characterized by
tissue-infiltrating eosinophils and T lymphocytes,
were also considerably reduced after treatment.

A limitation of our study is the missing placebo
control. Placebo effects play a fundamental role
when estimating magnitudes of efficacy of treat-
ment options in all diseases.46 In the field of
allergen immunotherapy, several factors impact
this effect.46 It has to be kept in mind that
subjects in a placebo-group of an AIT trial are
allowed to use symptomatic rescue medication,
which relieve symptoms to a certain extent.
Therefore, medication scores are recorded in
addition to symptom scores in these trials. A pre-
viously reported placebo effect in a double blind
placebo controlled (DBPC) trial with subcutaneous
immunotherapy in birch pollen allergic patients
was 6%–18% with comparable allergen exposure
during the seasons based on the area under the
curve (AUC) of the symptom medication score
during season.47 The placebo effect in DBPC trials
using AECs ranged from þ11% to þ0,5% after 6
months using the TNSS (�7% after 4 months in 1
trial), and �4% to �17% after 6 months using the
Total Ocular Symptom Score in house dust mite
(HDM) allergic patients with sublingual
immunotherapy (SLIT), and was �18.5% in grass
SLIT (Rhinoconjunctivitis Total Symptom Score
after 4 months) and �18.8% in birch
subcutaneous immunotherapy (SCIT) (TSS after
10 weeks).48 The efficacy of the symbiotic
product in our study exceeded these previously
reported effects of placebo groups in AEC trials
with a reduction in the median TNSS of 50% and
median TSS of 80%. So, even without being able
to control for placebo effects in this study, we are
confident that the symbiotic product shows
clinically relevant improvement for patients with
allergic rhinitis. This efficacy shown in a robust
clinical setting and the excellent safety and
tolerability profile qualifies this symbiotic product
as an adjuvant approach in the management of
allergic rhinoconjunctivitis with or without
asthma. The identification of new and novel
strains might further improve this new
therapeutic approach in the near future.

CONCLUSIONS

The paradigm of the human microbiome, hy-
giene hypothesis, and microbial diversity and its
relationship to dysbiosis and distinct diseases is a
fascinating concept attracting increasing attention.
This first evaluation of a symbiotic food supple-
ment in an allergen exposure chamber in birch
pollen allergic patients, suffering from rhino-
conjunctivitis with or without asthma, under
standardised conditions revealed a significant
beneficial effect, harnessing significant improve-
ments of symptoms and well-being while main-
taining an excellent safety and tolerability profile.
This confirmatory study adds valuable information,
which is sought by the community, about the
effectiveness of a specific symbiotic product as an
adjuvant approach in the management of allergic
rhinoconjunctivitis and is the cornerstone for
further controlled clinical studies.
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