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Abstract

Purpose Evaluation of a lozenge for targeted micronu-
trition (holo-BLG), a new invention based on the farm
effect, in house dust mite (HDM) allergic rhinocon-
junctivitis (ARC) patients in a standardized allergen
exposure chamber (AEC).

Methods Eligible HDM allergic patients were exposed
to HDM raw material in an AEC for 120min before
(V1) and after (V3) 3 months of holo-BLG supple-
mentation. Nasal, conjunctival, bronchial and other
symptoms were rated by the patients every 10min
and, wellbeing, peak nasal inspiratory flow (PNIF),
and lung function parameters every 30 min. Primary
endpoint was the change in median Total Nasal Symp-
tom Score (TNSS) at V3 compared to V1 at 120 min of

exposure. Secondary endpoints consisted of the ex-
ploratory analysis of the temporal evolution of symp-
tom scores using linear mixed effects models.

Results A total of 32 patients were included in
the analysis. A significant improvement of 60%
(p=0.0034) in the primary endpoint TNSS (V1 2.5
[interquartile range, IQR 1-4], V3 1.0 [IQR 1-3]) was
observed. 40% improvement was seen for the To-
tal Symptom Score (V1 5.0 [IQR 3-9], V3 3.0 [IQR
2-4]; [Wilcoxon test: confidence interval 1.5-4.0,
p<0.0003]). The analysis of the temporal evolution
of all symptom scores and the personal wellbeing re-
vealed clinically meaningful improvement over time,
manifested in a lower symptom increase during the
final HDM exposure. No relevant differences were ob-
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served for PNIF and lung function parameters. Safety
and tolerability were rated as excellent.

Conclusions The effect of holo-BLG resulting in im-
mune resilience might help to fight the allergy epi-
demic on a new front based on targeted micronutri-
tion of immune cells.

Trial registration The study was retrospectively regis-
tered at clinicaltrials.gov (NCT04477382).

Keywords Allergen exposure chamber - Beta-
lactoglobulin - Foods for Special Medical Purposes -
House dust mite allergy - Immune resilience -
Lipocalin

Abbreviations

AE Adverse event

AEC  Allergen exposure chamber
AHR  Aryl hydrocarbon receptor

ARC  Allergic rhinoconjunctivitis
BLG Beta-lactoglobulin

CI Confidence interval
DBPC Double-blind, placebo controlled
D.f. Dermatophagoides farinae

D. pt Dermatophagoides pteronyssinus
FEV,  Forced expiratory volume in 1 second
FSMP Foods for special medical purposes
FvC Forced vital capacity

HDM House dust mite

IQR Interquartile range

LCN  Lipocalin

LPR Late phase reaction

NPT Nasal provocation test

PEF Peak expiratory flow

PNIF  Peak nasal inspiratory flow

RA Retinoic acid
SCIT  Subcutaneous allergen immunotherapy
SD Standard deviation

SLIT  Sublingual allergen immunotherapy
SPT Skin prick test

TBSS  Total Bronchial Symptom Score
TESS  Total Eye Symptom Score

TNSS  Total Nasal Symptom Score

TOSS  Total Other Symptom Score

TSS Total Symptom Score

A% Visit

VAS Visual analogue scale

Background

The development of diseases like allergy and asthma
is on the rise since decades [1]. However, luckily al-
ready discovered and intensively discussed, there is
a known protective phenomenon called the farm ef-
fect [2-5]. As shown in several earlier studies [6-9],
childbearing and growing up on a traditional farm
with dairy farming provides protection against allergic
sensitization, asthma, and hay fever. These diseases
have been shown to occur at a much lower frequency
in farm children compared to children from urban re-

gions [10-12]. Exposure to a highly diverse microbial
community, which shapes the immunity of the people
living on farms early on, is an important contributory
factor to the farm effect [10]. Secondly, studies have
also shown a clear relationship between this protec-
tive effect to farm air exposure and to the consump-
tion of unprocessed milk, which could be modelled in
mice [13]. Notably, it is not recommended to consume
unprocessed milk due to potential bacterial contami-
nation [14].

Several components in this so called raw milk [13]
are under discussion as potential mediators of the
protective farm effect such as components of the
fat fraction [11] or proteins of the whey fraction in
their native and undestroyed form [2, 8]. BLG (beta-
lactoglobulin), the major whey protein in cow’s milk,
belongs to the lipocalin (LCN) protein family. LCNs
are proteins sharing a highly conserved structure, al-
beit not sharing a high sequence similarity and they
are present in a range of species [15]. The key aspect
of their shared structure is a central molecular pocket,
which can be loaded with hydrophobic ligands [15].
If the central pocket of BLG is loaded with micronu-
trients, it is called holo-BLG (immunoBON®), in the
case of an empty central pocket the form is called
apo-BLG. Previous studies discovered an unrecog-
nized role of holo-BLG to shuttle its ligands into
immune cells, therefore providing an antigen-unspe-
cific immune-regulatory effect resulting in resilience
to immune activation—“immune resilience”—and
protection against allergic sensitization and symp-
toms [16-18]. BLG-targeted delivery of ligands such
as retinoic acid (RA) and iron-flavonoid complexes
compensate intracellular nutritional deficiencies of
immune cells in an allergic individual [13, 17, 19,
20]. This in a concerted action leads to immune
resilience: (i) by increasing intracellular iron levels,
which are reduced in allergic subjects [20], (ii) activat-
ing the immune regulatory aryl hydrocarbon receptor
(AHR) [13, 17, 19], or RA receptor pathways [21], and
(iii) zinc enforcing a Thl immune response (Pali-
Scholl et al., manuscript in review).

The holo-BLG lozenge therefore is based on an
invention on spiked lipocalins, patented for allergy
treatment and prevention [22], a discovery relevant
in terms of the farm effect. Holo-BLG is manufac-
tured as a lozenge and registered as FSMP (Foods for
Special Medical Purposes) in Germany and Austria
(more countries to follow) containing the patented
formulation of the whey protein BLG, iron complexed
with flavonoids, retinol-palmitate, and zinc. A hu-
man pilot study in birch pollen allergic patients with
the holo-BLG lozenge suggests that the molecular
principles and preclinical expectations from mouse
models can be translated into the human setting
[23]. To further investigate the antigen-unspecific
and beneficial effects of holo-BLG, we set up the
present study to demonstrate whether this holds true
in house dust mite (HDM)-induced allergic rhinocon-

142  Targeted micronutrition via holo-BLG based on the farm effect in house dust mite allergic. ..

@ Springer



original article

Vi V3

Baseline - Final
exposure = exposure

<4immunoBon®intake period (2 x 1 lozenge/ day,»
for 3 months)

1 week | 24 h

Vo v2
Screening Safety
and patient phone é
selection call

Fig. 1 Study design scheme. The scheme shows the study
period including the visits (V0-V4). VO Screening and patient
selection, V1 and V3 HDM exposure in AEC, V2 and V4 safety
calls

junctivitis (ARC). A standardized and reproducible
exposure of HDM allergic patients with HDM mate-
rial was performed in an allergen exposure chamber
(AEC), a highly standardised platform that reliably and
reproducibly generates allergic symptoms [24-28].
Therefore, an AEC is an excellent choice for the first
evaluation of this novel FSMP in HDM-induced ARC,
designed to investigate the effects of the daily intake
of holo-BLG for 3 months by a controlled challenge.

Methods
Study design and materials

Holo-BLG (immunoBON®) was provided by Biomedi-
cal International R+ D GmbH, Vienna, Austria [22] for
this study.

Between January and June 2020, a minimum of
30 HDM allergic patients with HDM ARC who met
the eligibility criteria at screening (visit 0, VO) were ex-
posed twice (V1, V3) to HDM raw material in the AEC
of ECARF Institute, Berlin, Germany (Fig. 1). After V1
all patients were provided with the holo-BLG lozenge
and were instructed to slowly suck one lozenge twice
daily for 3 months.

Patient population

The eligibility criteria were the following: HDM al-
lergy with ARC symptoms for >2 years according to
the ARIA Guidelines, age 18-65, skin prick test (SPT)
response (wheal diameter) to HDM extract (D. pt.
and/or D. f) =3 mm, positive response to nasal provo-
cation test (NPT) to mite extract and/or a reaction to
HDM allergen in an AEC of TNSS =3.

The main exclusion criteria were sublingual or
subcutaneous allergen immunotherapy (SLIT/SCIT)
during the last 2 years, clinically relevant hypersensi-
tivity to ingredients of the holo-BLG lozenge, allergy
to cow’s milk protein, clinically relevant sensitiza-
tion to early flowering trees and/or cat allergen, se-
vere or uncontrolled asthma during 3 months before
screening, FEV,<80% predicted before allergen ex-
posure, relevant infectious or severe chronic diseases

or contraindication to adrenaline and/or other res-
cue medication, simultaneous intake of anti-allergic
medication prior to screening process and exposure
in the AEC. Wash-out time for different medications
were as follows: 3 weeks for systemic corticosteroids,
2 weeks for topical nasal corticosteroids, 7 days for
cromones, 72h for anti-histamines, 3 months for an-
tibiotics, 1 month for pro-, pre- and synbiotics, and
anti-allergic medication during the whole study.

AEC

The GA2LEN AEC (ECARF) is a mobile flexible cham-
ber made of two connected standard 24 feet (7.32m)
high-cube containers [24, 27, 28]. In the standardised
and validated chamber, the exposure is performed
with 250ug/m® HDM raw material (whole culture
mite: D. pt. and D. f. body and faeces allergen 50:50;
Allergon AB, Angelholm, Sweden) for 120min at 20°C
and 55% relative air moisture, after an acclimatisation
period for 20min [21-23]. The amount and composi-
tion of HDM allergens, as well as the exposure particle
size is designed to mimic a high natural daily HDM
exposure of a HDM-allergic patient [29].

Outcome parameter

Each symptom was evaluated by the patient on a scale
from 0-3 (no, mild, moderate, or severe symptoms)
and summed up to give a TNSS (runny, sneezing,
itchy, and blocked nose), Total Eye Symptom Score
(TESS: itchy, watery eyes, and gritty feeling), To-
tal Bronchial Symptom Score (TBSS: breathlessness,
wheezing, cough, and asthma) and Total Other Symp-
tom Score (TOSS: itchy skin, and itchy palate). TSS
is the sum of TNSS, TESS, TBSS, and TOSS, revealing
a maximum score of 39. The primary endpoint was
the change in TNSS at 120 min exposure to HDM raw
material in the AEC at visit V3 compared to visit V1.
Secondary endpoints were the exploratory analysis of
the temporal evolution of TNSS, TESS, TBSS, TOSS
and TSS during each 120 min exposure and the differ-
ences between these temporal trends between V1 and
V3. Changes in personal wellbeing (VAS: 0=very good
to 10=very bad), peak nasal inspiratory flow (PNIF,
Peak Nasal Inspiratory Flow Meter, Clement Clarke
International Ltd., Harlow, Essex, UK) and peak ex-
piratory flow (PEF, Peak-Flow-Meter, Personal Best,
Philips GmbH, Herrsching, Germany) were recorded
before and every 30min during the 120min expo-
sure. Forced expiratory volume in 1 second (FEV)),
FEV,/FVC (forced vital capacity) (EasyOne™ Spirom-
eter, ndd Medizintechnik AG, Ziirich, Switzerland) was
performed before and after exposure, analyzed and
judged from a clinician’s point of view. Adverse events
(AEs) related to the holo-BLG lozenge were monitored
during the entire study. To record late phase reactions
(LPRs) or AEs related to the exposure, participants
received a safety call 24 h after each exposure.

@ Springer

Targeted micronutrition via holo-BLG based on the farm effect in house dust mite allergic... 143



original article

Study oversight

The study protocol was approved by the Ethics Com-
mittee of the Charité, Berlin (EA1/314/19). The
study, sponsored by Bencard Allergie GmbH, has
been retrospectively registered at clinicaltrials.gov
(NCT04477382). All participants received detailed in-
formation and gave their written informed consent to
participate in the study as well as to the processing
and storage of their data according to the General
Data Protection Regulation. Pseudonymisation was
applied in accordance with applicable laws and regu-
lations. The study was conducted in accordance with
the Declaration of Helsinki and in compliance with
all federal, local, and regional requirements.

Statistical analysis

The confirmatory study was planned with 30 patients.
The primary endpoint was analysed employing the
paired Wilcoxon test (Wilcoxon signed rank test with
continuity correction), several secondary endpoints
were analysed in an exploratory way.

Percent changes between AEC visits were calcu-
lated by first calculating the median of values mea-
sured during V1 and V3 separately over all patients at
120min. The following equation was employed to re-
trieve percentage changes: [(median V3—median V1)/
median V1] x 100. Median, interquartile ranges (IQR)
and percentage changes are given.

The linear evolution over time of the symptom
scores and VAS over time were analysed by using
linear mixed effects models with patients as random
effects accounting for interindividual variability in
baseline symptom scores and treatment, time and
interaction between treatment and time as fixed ef-
fects. Model assumptions were analysed visually with
quantile-quantile plots. All analyses were performed
with R version 3.5.3 [30] using package “Ilme4” for
mixed effects modelling [31] and package “mult-
comp” for estimating p-values of fixed effects [32,
33]. Together with 95% confidence intervals (Cls) for
fixed effects in linear mixed effects models, p-values
represent a descriptive summary measure not a result
of confirmatory testing. Mean symptom scores over
all patients for all 13 measurements were calculated
and are presented with 95% Cls for comparison. The
changes in PNIF and PEF were described using me-
dian and IQRs and judged from the point of clinical
relevance.

Table 1 Demographic and baseline characteristics

Age (years) N=33 Mean: 38.1 (SD:11.5)
Gender n (%) N=33 Male: 9 (27%)
Smoker n (%) N=33 Yes: 0 (0%)

AIT>5 years N=33 Yes: 3 (9%)

n (%)

AIT allergen immunotherapy, SD standard deviation, min minimum, max maximum

Results
Baseline demographics and disease characteristics

In total, 38 patients suffering from HDM ARC and
fulfilling the inclusion criteria started the study and
33 patients (14 with, 19 without asthma) completed it;
5 drop-outs were not related to the intake of the holo-
BLG lozenge (2 patients failed to turn up for V3, 1 pa-
tient was sick and absent at V3, 1 patient was lactose-
intolerant, but had not reported this exclusion crite-
rion beforehand, and 1 patient had a gastroscopy).
Mean age was 38.1 years (SD 11.5 years) and 27%
were male (Table 1). All included patients rated at
least two ARC symptoms (runny nose, blocked nose,
itchy nose, sneezing, itchy eyes) as moderate or severe
before study start. A total of 32 patients were included
in the data analysis, one was excluded because of lack
of symptoms during the exposure at V1 (TSS=0).

Efficacy

Symptoms were recorded every 10min for 120 min at
both exposures (V1, V3). Primary endpoint was the
difference between V3 and V1 for TNSS at 120 min ex-
posure (Fig. 2a). At V1 after 120 min the median TNSS
was 2.5 (IQR 1-4) compared to 1.0 (IQR 1-3) at V3,
describing a significant difference of -60% (p=0.0034)
after 3-months supplementation with holo-BLG.

As one secondary outcome measure, we analysed
the sum of all symptoms for all organs, depicted as
median TSS at 120 min (Fig. 2b), which was 5.0 IQR
3-9) at V1 and 3.0 (IQR 2-4) at V3 (Wilcoxon test:
CI: 1.5-4.0, p<0.0003), describing a relevant improve-
ment of —40%.

Further exploratory endpoints included the analy-
sis of the temporal evolution during 120 min exposure
for all four single symptom scores and the resulting
TSS. We detected a relevant symptom improvement,
which manifests as a lower rate of increase in symp-
toms over time (Fig. 3). The linear mixed effects mod-
els, adjusting for interindividual variability by estimat-
ing a random intercept per patient, identified relevant
fixed effects for exposure time in the AEC and rele-
vant interaction effects between the time spent in the
AEC and the treatment with holo-BLG for all symptom
scores. Fig. 3b summarises the results for all scores
and as an example, the TNSS evolvement (Fig. 3a)
over time is described in detail here: During 120 min
of exposure in the AEC the TNSS increased at a rate

Median: 37.0
Female: 24 (73%)
No: 33 (100%)
No: 30 (91%)

Min: 19.0 Max: 65.0
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Fig. 2 a Total Nasal Symptom Score (TNSS), the primary

endpoint of the study, showed a significant improvement at
V3 (green) after 3 months of supplementation with holo-BLG
compared to V1 (grey). At V1 after 120min the median TNSS
was 2.5 (IQR 1-4) compared to 1.0 (IQR: 1-3) at V3, describ-
ing a significant difference of -60% (p=0.0034). b An impor-

tant secondary outcome measure, the sum of all symptoms for
all organs, depicted as median Total Symptom Score (TSS) at
120min, was 5.0 (IQR 3-9) at V1 (grey) and 3.0 (IQR 2-4) at V3
(green, Wilcoxon test: confidence interval 1.5-4.0, p <0.0003),
describing a relevant improvement of 40%. (* p>0.005)
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betweenViand | 0.011(0.006-0.016) 0.007 (0.004-0.009)
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0.005 (0.002-0.007) 0.028 (0.019-0.036)

V3/min (95% Cl)
p 5.16x 10° 1.51x10° 7.63x10° 9.51x10% 6.79x 1010
b |3 slope/min 0.007 0.002 0.001 0.004 0.015

Fig. 3 Symptom scores for nose (TNSS), eye (TESS),
bronchial (TBSS), other (TOSS) and the sum of all symptoms
(TSS) analysed for their linear evolution over time of HDM ex-
posure in the AEC at baseline and after 3 months of sup-
plementation with holo-BLG. a The analysis of the temporal
evolution for all four single symptom scores, recorded every
10min during 120 min exposure, and the resulting TSS showed
improved symptoms over time after the intake of the holo-BLG
lozenge (V3, green) compared to baseline (V1, grey) (smaller
slope increase during V3 describes decreased symptoms dur-
ing final exposure compared to baseline). b Summary of the
results of the linear mixed effects model, analysing the symp-
tom scores for their linear evolution over time. Mean scores
(including 95% CI) during V1 and V3 and the difference (%)
between baseline (V1) and final (V3) exposure are given. The

slope per minute (including 95% CI) for V1, the correspond-
ing slope decrease between V1 and V3 per minute (includ-
ing 95% ClI), and the related p-values as descriptive summary
measures are given. V3 slope per minute is the difference
between V1 slope/min and slope decrease between V1 and
V3/min. a, b Detailed description about the TSS evolvement
over time as example: Mean TSS over all measurements was
reduced from 5.19 (95% CI 4.75-5.63) during V1 to 3.35 (95%
Cl 3.05-3.65) during V3, corresponding to a relevant reduction
of 1.84 points (-35%). TSS increased by 0.043 per min (95%
Cl10.037-0.049, p <2 x 107" on average during V1. After holo-
BLG intake, the slope was decreased by 0.028 per min (95%
Cl 0.019-0.036, p=6.79x 10719 leaving a slope of 0.015 per
min at V3
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Fig. 4 Visual analog score (VAS) representing the personal
wellbeing during 120 min of house dust mite (HDM) exposure
in the allergen exposure chamber (AEC) at baseline (V1) and af-
ter 3 months (V3) of supplementation with holo-BLG. Evolution
of the recorded wellbeing of the patients over time during HDM
exposure, evaluated every 30min. At the end of the exposure
after 120min, median VAS was reduced from 32at V1 (IQR
17.75-52) (grey) to 19at V3 (IQR 12.25-35) (green) (Wilcoxon
test: Cl 4.50-20.50, p=0.0021), representing a clinically rele-
vant increase of the patient’s personal wellbeing by 42%

of 0.018 per minute (95% CI 0.015-0.022, p<2x 10716)
on average during V1. After 3 months supplementa-
tion with holo-BLG, the slope was decreased by 0.011
per minute (95% CI 0.006-0.016, p=5.16 x 105, which
leaves an increase of 0.007 per minute during V3, iden-
tified by the interaction term in the linear mixed ef-
fects model. Mean TNSS over all measurements was
reduced from 2.41 (95% CI 2.19-2.62) during V1 to 1.69
(95% CI 1.52-1.86) during V3, corresponding to a rel-
evant reduction of 0.72 points (-30%) (Fig. 3b). We
observed improvements in the mean values of other
symptom scores ranging from -35 to -42% from V1 to
V3 and a slope decrease (Fig. 3b) ranging from 0.005
(95% CI 0.002-0.007, p=9.51x107) to 0.028 (95% CI
0.019-0.036, p=6.79 x 10719).

No relevant differences were observed for PNIF and
PEF (not shown). Spirometry parameters (not shown)
did not exhibit relevant differences between V1 and
V3. No restrictions or obstructions were measured be-
fore and after baseline exposure (V1), and there were
also no differences observed at V3.

At 120 min, median VAS was reduced from 32at V1
(IQR 17.75-52) to 19at V3 (IQR 12.25-35) (Wilcoxon
test: CI 4.50-20.50, p=0.0021), which represents
a clinically meaningful increase of the patient’s per-
sonal wellbeing by 42% (Fig. 4).

During the safety call 24h after baseline exposure
with HDM (V2), 14 out of 31 patients (45%) reported
LPRs due to the mite allergen exposure: itchiness and
tearing eyes, irritated or sore throat, thirst, swallow-
ing problems, dyspnoea, obstructed nose, headache,
itchy skin and mild urticaria, cough and sneezing.
After the end of the second exposure (V4) only 3 out
of 25 patients (12%) reported LPRs: obstructed nose,
mild cough or mild dyspnoea. This indicates an
increase in tolerability to HDM allergens during ex-
posure in the AEC after the intake of the holo-BLG
lozenge.

Safety

One patient experienced mild head- and stomach-
ache 24h after the first exposure and the intake of
at least one holo-BLG lozenge. No AEs were reported
during the intake period of 3 months or at V4.

Discussion

The holo-BLG (beta-lactoglobulin) lozenge is based
on an European patent [22] and distributed on the
market as FSMP. This novel product mimics the
farm effect (protection against allergies, asthma and
eczema), being associated with exposure to farm air
and consumption of unprocessed milk. It was demon-
strated that holo-BLG, the major protein of the whey
fraction, harbors allergy protective capacity as shown
in cellular studies, mouse models and in a clinical
DBPC pilot trial with birch pollen allergic patients
[23]. The major whey protein beta-lactoglobulin
(BLG), when properly loaded (=holo-BLG), counter-
acts sensitization and promotes tolerance. Holo-BLG
delivers its ligands, micronutrients, directly to im-
mune cells, thereby activating the immune regulatory
AHR pathway [17, 19, 21, 23]. The immune modula-
tory effect results in a state of resilience to immune
activation, protection against allergic sensitization
and relief of allergic symptoms in an antigen-unspe-
cific way [17, 19, 21, 23]. Interestingly, the secretory
protein BLG cannot only be found in milk, but it
could be detected in bovine urine and cattle stable
dust [34]. BLG could therefore also represent the
air-borne factor in the protective farm effect against
allergies and asthma by inducing immune resilience
and a favourable Thl-milieu [34].

The proof of concept was designed to demonstrate
whether holo-BLG could, like the farm effect, pro-
tect from respiratory allergies in an antigen-unspecific
way, using a model of double-sensitised mice. Mice
treated with holo-BLG, but not with placebo, were
protected from anaphylactic body temperature drop
to the autologous allergen BLG, as well as in an anti-
gen-unspecific manner to Bet v 1. IgE and IgG1 an-
tibody production, antigen-presentation capacity of
CD11c* dendritic cells, and mast cell degranulation
were impaired, while Tregs were induced [19].

Humans express a homologue to bovine BLG,
lipocalin 2 (LCN2). This is an acute phase protein, el-
evated in bacterial infections and cancer. Surprisingly,
serum levels of LCN2 were shown to be significantly
reduced in allergic patients compared to nonallergic
controls [29]. These levels were partially restored in
HDM allergic patients who were treated with HDM
SLIT for 9 months compared to the placebo group. An
increased LCN2 level 9 months after HDM-SLIT was
associated with a clinical benefit [35]. It is tempting
to speculate that bovine BLG from whey in the holo-
BLG lozenge may take over the role of LCN-2 given
their high structural homology. Accordingly, recep-
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tors for BLG on human and murine cells have been
previously identified [36, 37]. Our data so far suggest
that BLG targets its micronutrient ligands via such
receptors into immune cells and thereby mitigates
allergic inflammation, but in an allergen-unspecific
manner.

After promising results from a human pilot study
investigating the effects of holo-BLG in seasonal al-
lergy (birch pollen) in a DBPC setting [23], another
DBPC trial with more pollen-allergic patients is ongo-
ing to broaden the clinical evaluation of holo-BLG.

Here we aimed to evaluate whether targeted mi-
cronutrition of immune cells with holo-BLG could
also be effective in the field of perennial allergies.
HDM allergens are the most relevant inducers of al-
lergic diseases worldwide constituting a major public
health problem that results in significant morbid-
ity and an increased burden on health services [38].
HDMs are able to sensitize healthy individuals and
induce allergic symptoms in sensitized and geneti-
cally predisposed individuals likely resulting in ARC,
asthma, and atopic dermatitis [38].

It is very difficult for HDM allergic patients to re-
alize changes in HDM exposure and the resulting
difference in symptoms, because they are exposed
year-round in a fluctuating manner to their allergen.
Therefore, the effect of the daily supplementation
with holo-BLG for 3 months in HDM allergic subjects
was investigated in a standardised and validated AEC
before and after intake. The major advantage of this
method is its reproducibility; the same setting is used
before and after the supplementation with holo-BLG,
which increases the reliability of the results, espe-
cially in HDM allergy [28]. We did no sample size
calculation during the planning phase for this first
evaluation of holo-BLG in HDM allergic patients in
an AEC, which is a limitation of our study. However,
we chose the number of participating patients based
on feasibility and our experience with the first human
pilot DBPC study (n=17), which showed a significant
symptom reduction in seasonal allergy [23].

Supplementation with holo-BLG led to a robust
and clinically relevant improvement, as indicated
not only in the primary endpoint TNSS, but also in
the symptom decrease exhibited by other organs.
After 3 months of supplementation, the TNSS at
120min of exposure was significantly reduced by 60%
(p=0.0034). The development of symptoms of all or-
gans (nose, eyes, bronchi, others) during the 120 min
session in the AEC was reduced to a clinically mean-
ingful extent from 35-42% during the final exposure
(V3). The patients’ wellbeing (VAS) was improved by
42% at the end of V3. The patient-reported LPRs in-
duced by the AEC challenge were markedly reduced,
from 45% of the patients at baseline to only 12%
of patients after the final exposure. This points to
increased tolerability to HDM exposure after intake
of the holo-BLG lozenge for 3 months. The holo-
BLG lozenge showed an excellent safety and tolera-

bility profile; only 1 patient reported slight head- and
stomach-ache after the intake of the first lozenge, but
besides this no other AEs were reported during the
duration of the study.

The placebo control plays a fundamental role when
estimating the clinical effect of interventions in all
diseases and several factors have an impact on this
effect [39]. In DBPC clinical SLIT trials in HDM aller-
gic patients using an AEC, the placebo effect ranged,
e.g., from +0.5 to +11% after 6 months using the TNSS
(<7% after 4 months and -9.4 after 2 months in 1 trial),
and —4 to —-17% after 6 months using the Total Ocular
Symptom Score (-14% after 4 months and -8% after
2 months) [40]. Only a small improvement in symp-
toms was seen in the placebo groups, which were ex-
posed to HDM in AECs, after 6 months of SLIT treat-
ment. Shorter treatment periods were associated with
worsening of symptoms in the placebo groups in dif-
ferent trials [40]. The supplementation with holo-BLG
for 3 months resulted in a 60% improvement in the
primary endpoint TNSS at 120min exposure and up
to 42% improvement of the symptoms in other or-
gans during the whole exposure time. Furthermore, it
is important that in addition to the improvement of all
investigated symptoms, also the personal wellbeing of
the patients improved. Although the lack of a placebo
control is a clear limitation of our study and we can-
not control for placebo effects, we are confident that
our study demonstrates clinically relevant improve-
ments for patients with HDM induced ARC following
3-months supplementation with holo-BLG.

The management of HDM ARC is of utmost impor-
tance, especially because of the high risk of asthma
development [38]. SLIT or SCIT, the only causal treat-
ment available in this field, are often not used for
a number of reasons [41]. At this point, the holo-
BLG lozenge could provide a new option not only for
adults with established HDM allergy as our trials sug-
gests, but also for children from age 3 onwards.

Conclusion

After having shown efficacy in seasonal allergy in
a DBPC trial, this investigation of the holo-BLG
lozenge, a FSMP, revealed clinically relevant effi-
cacy and an excellent safety and tolerability profile
in perennial allergy in HDM ARC patients in the ro-
bust setting of an AEC. The antigen-independent
mode-of-action of holo-BLG results in immune re-
silience, leading back to the regular state of a healthy
immune system in homeostasis, by holo-BLG-tar-
geted micronutrition of immune cells. This effect
revolutionizes our understanding of allergy and the
mechanisms of resilience to fight allergies. This novel
approach based on the farm effect, might help to
fight the allergy epidemic on a new front and evi-
dence about mode-of-action is currently increasing
and the collection of more clinical data is still ongoing.
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