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ABSTRACT

Introduction Several studies suggest that gut microbiota
may play an important role in allergic diseases. The present
trial aims to examine effects of the probiotic Enterococcus
faecalis on symptoms of allergic rhinitis in patients. Effects
of this probiotic on the immune system have been reported
by several studies, but the majority of the previous trials
were animal studies. In addition, it is well known that
symptoms in allergic rhinitis are prone to exhibit high
placebo responses. Moreover, recent studies report that
even placebos without deception (open-label placebos) are
highly effective in reducing symptoms of allergic rhinitis.
Our study design combines both new approaches to assess
effects on allergic symptoms in patients. The objective of
this study is to compare the effects of a probiotic treatment
(E. faecalis) with effects seen by open-label placebo,
concealed placebo treatment and no treatment control.
Methods and analysis A total of 120 patients with
allergic rhinitis will be randomly assigned to one of

four different groups: a double-blind probiotic/placebo
group (groups 1 and 2), an open-label placebo group
(group 3) and a no-treatment group (group 4) to control

for spontaneous variation of symptoms. The primary
outcome is the evaluation of allergic symptoms using the
Combined Symptoms Medication Score. Furthermore,
health-related quality of life is examined (Rhinitis Quality of
Life Questionnaire). Secondary outcomes include a visual
analogue scale on allergic burden and a second quality of
life questionnaire. This report describes the study design of
the randomised controlled trial.

Ethics and dissemination The study design was
approved by the ethical committee of the UKT Department
of Psychosomatic Medicine and Psychotherapy, Tiibingen,
Germany. The trial is registered at the German Clinical
Trials Register (www.drks.de, DRKS00015804). The trial
results will be published in peer-reviewed journals and at
conferences.

Trial registration number German Clinical Trials Register
(www.drks.de, DRKS00015804); Pre-results.

INTRODUCTION
Allergic diseases are defined as conditions
caused by hypersensitivity of the immune

Strengths and limitations of the study

» This is the first randomised controlled trial de-
signed to assess whether the probiotic treatment
Enterococcus faecalis has an effect in patients with
seasonal allergic rhinitis (previous studies using E.
faecalis were predominantly animal studies).

» In addition, this study examines the effects of an
open-label placebo treatment on symptoms of aller-
gic rhinitis, for the first time comparing effects of
an open-label placebo treatment with closed-label
(blind) treatment in patients with allergic rhinitis.

» The study design includes three control arms, two of
which involve placebos, which allows us to compare
the effects of the probiotic with concealed and open
placebo conditions and with a no-treatment control.

» Alimitation is the length of recruitment in this study
(about 6 months), which may effect spontaneous
improvement of allergic rhinitis.

system to something in the environment
that in general causes no problems in most
people. Allergic diseases such as allergic
rhinitis affect up to 20% of all people in
the developed world." Symptoms of allergic
rhinitis include, for example, rhinorrhoea,
pruritus, sneezing, nasal congestion, itching,
burning or red eyes and scratching feel-
ings in the throat. Allergic rhinitis is known
to be an immunoglobulin (Ig)E-mediated
disease.” The main disease-modifying treat-
ment is allergen immunotherapy, which has
been shown to be effective for allergic rhinitis
with a high level of evidence.” Furthermore,
medical treatments are available for symp-
tomatic relief.

These medications have been proven to be
effective for symptomatic relief, but complete
symptom resolution is often not achieved.*
Moreover, drug treatment (eg, by histamine
antagonists) is often associated with severe
adverse events such as fatigue that disables
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Figure 1 Flow diagram of patient’s enrolment.

or restricts patients to continue their daily activities, for
example, driving cars or working.” Although last gener-
ation histamine antagonists do not show severe adverse
events anymore,’ 7 current medications for allergic rhinitis
may still have some undesirable side effects.”

Recently, it has been suggested that probiotics may be
a possible new treatment for allergic rhinitis, in partic-
ular, probiotics with low adverse effect profiles such as
lactobacillae and bifidobacteria.” For example, Watts et
al reported that probiotics had effects on quality of life
and reduced medication use in allergic rhinitis."” Probi-
otics are (in general) living microorganisms that can be
found in foods such as yoghurt, sauerkraut and pickles.
Several studies suggested that gut microbiota may play an
important role in immune and allergic diseases.

Effects for probiotics in preventing allergic diseases
have been reported in particular when prescribed during
the perinatal period."" When probiotics are administered
later, when the allergic disease is already established,
studies often report mixed conclusions (eg, '*'%). A
recent systematic review and meta-analysis included 22
randomised controlled trials (RCTs). Although there was
a high variability among the studies, the results demon-
strated significant evidence of beneficial clinical and
immunological effects of probiotics in the treatment of
allergic rhinitis."

Effects of the probiotic Enterococcus faecalis have been
suggested by several studies. For example, it has been
demonstrated that E. faecalis reduces the number of
rhinosinusitis episodes.'” Based on similar studies that
report beneficial effects of E. faecalis for the immune
system,'® ™ we hypothesised that this probiotic may also
reduce symptoms in seasonal allergic rhinitis.

Symptoms of allergic rhinitis vary depending on seasonal
changes of allergic load of the environment as well as
on individual sensitivity to environmental allergens. For
example, El Hennawi et al showed improved symptoms of
allergic rhinitis when stress is controlled by a pharmaco-
logical treatment.** Considering this situation—frequent
waxing and waning of symptoms—symptomatic thera-
pies of allergic rhinitis are known to be prone to placebo
effects.” ™ While placebo responses may be problematic
when testing new therapies, recent studies suggest that
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the beneficial effects of placebos may directly be used to
help patients. We therefore designed a study with three
control groups: conventional double-blind, open-label
placebo (OLP) and a no-treatment control to adjust for
spontaneous symptom variation.

Placebos are composed of inactive ingredients that have
no physiological effects on symptoms. Typically, placebos
are designed to match active pharmaceuticals in appear-
ance and taste in order to serve as a control condition in
double-blind RCTs. In order to do so, placebos are admin-
istered in a concealed way.”' Recent studies™ now ques-
tioned whether such double-blinded provision of placebo
is necessary to elicit placebo effects. For example, RCTs
examining the effects of OLPs demonstrated significant
improvements for patients with irritable bowel syndrome,
episodic migraine attacks, chronic lower back pain,
depression and cancerrelated fatigue.”* In addition,
two previous studies showed that OLPs are highly effective
in reducing symptoms of allergic rhinitis.”** A meta-anal-
ysis not only found moderate effects sizes for OLP treat-
ments*” but also sees some methodological limitations
that future studies have to address, for example, the need
for a closed-label (blinded) placebo condition.*? !

The objective of this study is to testa probiotic treatment
(E. faecalis) in patients with allergic rhinitis compared
with effects seen by OLP, concealed placebo treatment
and no treatment control. The current paper describes
the design of this study.

METHODS AND ANALYSIS

The study consists of four arms. The study arms include
a double-blind probiotic/placebo group (groups 1 and
2), an OLP group (group 3) and a no-treatment control
group (group 4) to control for spontaneous variation of
symptoms without treatment (see figure 1). Before and
after the treatment (probiotic/placebo, no treatment),
we will assess allergic symptoms and health-related
quality of life by means of diaries and paper-pencils tests
(primary endpoints: Combined Symptoms and Medica-
tion Score (CSMS)*; Rhinitis Quuality of Life Question-
naire (RQLQ) ). The CSMS is a simple and standardised
method that balances symptoms and the need for antial-
lergic medication. The RQLQ) is a disease-specific instru-
ment for evaluating health-related quality of life, including
patient’s physical, social and emotional well-being.

Study setting and timeline
The study will be conducted at two sites, the UKT Depart-
ment of Psychosomatic Medicine and Psychotherapy,
Tibingen and Medical School Berlin, Berlin, Germany.
Recruitment of patients will start before the beginning
of the spring allergy season (February 2019 and 2020).
Start of birch pollen season will be marked. The study will
be completed in summer of 2020.
Study duration includes 4 weeks in the treatment phase
and another 4 weeks after the end of the experimental
phase (open-label probiotic phase). Hence, in total, the
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length of the study is 8 weeks. Previous studies reported
that similar time periods are effective for this type of
probiotic in children with rhinosinusitis.'” Pharmacy
recommendations also suggest a minimum of 4 weeks of
treatment.

Participants: inclusion/exclusion criteria

Patients recruitment will use social media, flyers and
in particular the website of the Deutscher Allergie und
Asthma Bund (DAAB; German Allergy and Asthma
Association).

We will recruit and include 120 participants with a
history of allergic rhinitis for at least 2years. An equal
fraction of patients of both sexes is intended, but not
enforced. Allergic rhinitis must have been diagnosed by
a physician (allergy subspecialist or general physician).
Participants need to show test results of IgE sensitisation
to aeroallergens (either skin prick test or serum aller-
gen-specific IgE) not older than 24 months prior to the
trial.

We will include participants with seasonal allergic
rhinitis only (not perennial allergic rhinitis). Further
inclusion criterion is an age between 18 and 60 years.

Exclusion criteria are a medical history of diabetes,
gastrointestinal diseases, use of antibiotic medication in
the last 6 weeks, pregnancy and any known psychiatric or
neurological diseases. Furthermore, perennial allergic
rhinitis, chronic rhinosinusitis or any other chronic nasal
conditions such as anatomical alterations as septum devi-
ation or perforation are excluding criteria. Last, inability
to read and understand the study information and insuf-
ficient German language skills will exclude from partici-
pation in this study.

Study design and interventions

The study design describes a two-centre randomised place-
bo-controlled four-arm study of a probiotic treatment and
its effects on symptoms of allergic rhinitis. The probiotic
treatment will be compared with two placebo application
modes, a conventional double-blind and OLP application
and a no-treatment (untreated group) control arm (see
figure 1). After the end of the experimental phase, we
will offer the probiotic for another 4 weeks for all patients
(open-label probiotic phase).

The probiotic treatment is E. faecalis (DSM 16440), a
Gram-positive probiotic species that is constituent of
Symbioflor 1 (SymbioPharm, Herborn, Germany) (cells
and autolysate of 1.5 to 4.5x10” CFU). It has been demon-
strated that E. faecalis stably persists in the human gutwhen
orally administered.” The probiotic is delivered as drops.
The placebo treatment consists of drops containing the
carrier solution of the probiotic treatment (lactose mono-
hydrate, glucose monohydrate), but will be indistinguish-
able in colour, smell and taste from the probiotic.

Study conductance
After signing the informed consent form, patients will
complete baseline questionnaires in order to measure

the allergic burden (primary endpoints are CSMS,
RQLQ). Subsequently, patients are randomised into
one of the four arms of the study.

Patients in the first arm receive the probiotic treat-
ment (as drops) for 4 weeks (n=30). In the second arm,
the patients receive placebo drops (n=30) indistin-
guishable from the probiotic in colour and smell/taste.
In the third arm, the patients receive the same placebo
but are informed that the treatment is a placebo (OLP
condition) (n=30). Patients in the fourth arm (n=30)
are the no treatment control group; they receive no
special therapy but are informed that they are in the
untreated group. Patients will be given the supply of the
probiotic or placebo, respectively, for 4 weeks (groups
1-3) and are instructed to ingest 30 drops three times a
day (groups 1-3), as well as to fill out daily diary forms
about their allergic symptoms (all groups). All patients
are allowed to continue the usual symptomatic medica-
tion of their allergic rhinitis (eg, antihistamines, nasal
corticosteroids, etc). Intake of this symptomatic medi-
cation will be used as an endpoint using the CSMS.

Patients will then return to the study centre after 4
weeks for a second investigation and questionnaire
assessments. At the second visit, we will also ask patients
to bring their remaining. A blinded research assistance
will then check the amount to evaluate adherence.
Furthermore, all patients are offered a 4-week supply of
the probiotic treatment in an open-label fashion. If they
accept, they are asked to provide questionnaire data on
symptoms course (outcome measures) over the 4 weeks,
but no further site visit is envisioned.

Measures

Primary endpoint measure is the CSMS, which has been
widely used in previous studies to measure allergic
symptoms of allergic rhinitis and is recommended by
the European Academy of Allergy and Clinical Immu-
nology (EAACI).* *® The CSMS measures both symp-
toms of allergic rhinitis such as nasal and eye symptoms
and the use of medication. Use of medication will be
categorised according to the recommendations of the
EAACI with respect to antihistamines, nasal glucocor-
ticoids and oral glucocorticoids.”” Both measures will
then build the total symptom score. We will also ask all
patients to protocol their allergic burden in a symptom
diary on a daily basis during the time of treatment in
order to build a daily symptom score based on the
CSMS. A second primary endpoint measure is quality
of life, measured with the RQLQ. This questionnaire
includes 28 questions in seven domains (activity limita-
tions, sleep impairment, non-nasal/eye symptoms,
practical problems, nasal symptoms, eye symptoms and
emotional problems) and has strong measurement
properties.*’

Secondary endpoint measures will include visual
analogue scales (VAS) to measure the burden of
allergic symptoms. VAS have been used to assess
the incidence of symptoms or impairment of daily
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activities.*® Furthermore, we will apply a second ques-
tionnaire on quality of life, the Short Form 36 Health
Survey Questionnaire (SF-36). This questionnaire is a
German version of the health survey developed by Ware
and Sherbourne.”” It assesses the quality of life with
respect to the perception of health both for patients
and healthy people. The instrument includes one multi-
item scale that assesses different health concepts such as
limitations in physical activities because of health prob-
lems, limitations in social activities because of physical
or emotional problems, limitations in usual role activi-
ties because of physical health problems, bodily pain,
general mental health (psychological distress and well-
being), limitations in usual role activities because of
emotional problems, vitality (energy and fatigue) and
general health perceptions. The survey is constructed
for self-administration. The SF-36 has also been widely
used when measuring effects of allergic rhinitis on
everyday life.*

Primary (CSMS and RQLQ) and secondary outcome
measures (VAS and SF-36) will be assessed before the
trial, after treatment and after follow-up.

Adverse events

The safety of patients will be monitored at each study visit.
Participants will receive a study information containing
explicit details on whom to contact in case of an adverse
event situation. Furthermore, patients will be told to
discontinue the study in an adverse event situation.

Data collection: quality management and storage

Researchers will make appointments for the following
dates at the end of the first meeting in order to promote
participantretention. Datawill be collected in an in-person
meeting on paper for each measurement and then elec-
tronically recorded at the Medical School Berlin. Once
recorded, data will be locked to prevent changes. Missing
data because of no-show up will be coded as incomplete.
Resulting data is then analysed with SPSS V.25. All data
collected on paper will be marked with a study identifica-
tion number to prevent identification of the participant
and stored in a locked cabinet. Access to the deidentified
data sets will be limited to the study authors.

Analyses
Both primary (CSMS and RQLQ) and secondary endpoints
(VAS and SF-36) will be compared between group 1 (probi-
otic treatment) and group 2 (placebo) for superiority of
the probiotic over placebo, between group 2 and group 3
for the size of the OLP effect between open and hidden
placebo treatment, and between group 4 and each of the
other groups for the contribution of spontaneous variation
to the probiotic and (open-label) placebo effects.

We will calculate adjustments for multiple comparisons
(post hoc tests).

Power and sample size
Power calculations on the effect of probiotics on our primary
outcome parameter, RQLQ), were based on previous studies

in allergic rhinitis. Studies on allergic symptoms relative to
placebo report effect sizes of d=0.220r higher.'* ** Based
on these studies, we used an estimated effect size of =0.6
(95% CI1.42 to 0.99) to calculate the sample size, resulting
in a required number of participants of n=80. Using analysis
of covariance in order to control for baseline scores results
in a power at 0.95 to detect a difference in a change from
baseline RQLQ, with a 5% level of significance. Given that
the difference in change score (means) for this measure is
1.21 and previous studies have shown that mean changes
in RQLQ greater than 0.5 can generally be considered as
clinically significant, we assume a clinical improvement of
the symptoms.* !

Similar studies investigating the effect of a probiotic
mixture (lactobacillus and bifidobacterium) on immune
parameters during allergy season calculated that 23 partic-
ipants per subgroup would be needed to see a difference
between probiotic and placebo.”

Furthermore, based on previous studies, we calculated
power calculations on the effect of OLPs on symptoms in
allergic rhinitis.”™ * Based on a desired power of 0.80, an
alpha error probability of 0.05 and an estimated effect size
of £=0.5, the required number of participants is a priori set
to n=80.

In order to account for dropouts, we aim to include a
total of 120 participants.

Blinding and randomisation

After completion of first assessments (first visit), group
assignment will be determined by opening an opaque
envelope (through a research assistant), revealing the
participant’s randomised assignment to one of the four
groups. Randomisation is based on a computer-generated
random number sequence built by an independent inves-
tigator. These researchers will be independent from the
members of the study who are responsible for enrolling the
participants.

Patients in the probiotics and placebo condition will be
blinded (until they finished the study), patients in the OLP
condition and in the no treatment control condition will
be aware of this assignment. Effective blinding in groups
1 and 2 will be ensured by the company that produces
and provides the probiotic and placebo (SymbioPharm
GmbH, Herborn, Germany); the group assignment list
will be withheld until the final evaluation of the study data.
All outcome measurements will be performed by blinded
experimenters.

Patient and public involvement

Patient and public representatives will be informed about
the study (DAAB). A summary of the findings will be made
available to the DAAB.

Ethics and dissemination

The study protocol has been approved by an ethical
committee of the University Hospital, Tubingen, Germany
and was registered at the German Clinical Trials Register
(www.drks.de, DRKS00015804). All participants will give
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written informed consent prior to entry to the study by a
member of the study team and will be made aware that
participation is strictly voluntary. Participants may withdraw
from the study at any time.

Important protocol modifications will be communi-
cated to the relevant members of the research team.

The eventual trial will be published and subsequently
disseminated by the university and social media platforms.
The results will also be presented at conferences. Study
results will be published in a peer-reviewed journal.

DISCUSSION

The current article describes the methodology of a trial
design on effects of a probiotic treatment and OLPs on
symptoms of allergic rhinitis.

In his hygiene hypothesis, Strachan suggested a role
of microorganisms for allergic reactions.” In this theory,
it is discussed that excessive hygiene may lead to distur-
bances in the intestinal microbiota. Numerous studies
provide support for this assumption. For example, it
has been demonstrated that patients with allergies show
lower levels of lactobacillus and bacteroides.”* Therefore,
using probiotic supplementation in allergic rhinitis might
be beneficial.

Several studies suggest that probiotics may have an
effect on symptoms of allergic rhinitis. For example,
Dennis-Wall et al examined effects of probiotics in indi-
viduals with seasonal allergic conditions and found an
improvement of rhinoconjunctivitis-specific quality
of life.”’ Similar effects have been found for a mixture
of bifidobacteria treatment in children with seasonal
allergic rhinitis and asthma.” In addition, animal studies
found effects of probiotic treatments on pollen-induced
allergic nasal symptoms.”® Nevertheless, the effects of
probiotics on allergic rhinitis are still not clear and often
inconsistent (in particular when the disease is already
established).'?™1

The mechanisms by which probiotics are thought to be
effective in allergic rhinitis are not fully understood. In
theory, it is assumed that probiotics exhibit a multitude of
mechanisms, ranging from effectively settling its respec-
tive mucosal ecological niches (thereby controlling and
ousting potentially pathogenic bacteria), via indicating
metabolic effects, to stimulating immunological (anti-in-
flammatory) responses to novel antigen. For allergic
rhinitis, it has been suggested that probiotics may activate
or inhibit type 1 T helper cells by changing the composi-
tion of the gut microbiota.””®” Probiotics may also stimu-
late interleukin-10 and thereby inhibiting inflammatory
responses.” Furthermore, probiotics can modify levels of
antigen-specific serum IgE levels.” In addition, Dev et al
found that probiotics suppressed histamine signalling.”
Thus, probiotics might change systemic and adaptive
immune response and thereby work as immunomod-
ulators. Moreover, it has been shown that probiotics
may have a dual effect by improving intestinal as well as
central nervous system functions.”’ Consuming probiotics

may lead to a more balanced intestinal flora in patients
with allergic rhinitis, which might constrain damages due
to inflammation. In addition, the more balanced intes-
tinal flora may lead to less severe reactions to allergens.
However, further research is needed to fully understand
the underlying mechanisms.

Since the effects of probiotics on allergic rhinitis are not
clear and often inconsistent,m_16 we here aim to examine
effects from a probiotic treatment (. faecalis), compared
with two placebo application modes and an untreated
group. FE. faecalis is part of the normal gastrointestinal
flora and along with other lactic acid bacteria often used
in food products. Previous studies have already examined
E. faecalis, but predominantly in animal studies. To our
knowledge, this is the first RCT that investigates effects of
E. faecalis in patients with seasonal allergic rhinitis.

Beyond the aim to examine effects of E. faecalis on
seasonal allergic symptoms in patients, this study has
also a second objective, the possible effects of OLPs. The
placebo conditions in this study include a conventional
double-blinded placebo and an OLP application. The last
application was included because recent studies demon-
strate that OLP can result in significant effects on various
diseases including allergic rhinitis.*’

Although it is well known that symptoms of allergic
rhinitis are prone to placebo effects, it is surprising that
placebos seem to work even when the patients know
that they receive placebos. In traditional randomised
controlled studies, placebos are designed to match active
pharmaceuticals in order to serve as a control condi-
tion. In daily medicine, the placebo effect is often used
in a more direct way. For example, a survey of general
practioners in Germany reported that 76% adminis-
tered placebos.” ® However, it is considered unethical
to prescribe placebos with therapeutic purposes because
deception is thought to be necessary and would therefore
undermine informed consent and trust.”* Hence, many
practioners prescribe ‘impure’ placebos, for example,
doses of medications, which have no intrinsic pharma-
cological action on patient’s symptoms. According to a
recent national survey of internists and rheumatologists in
the USA, only a small number of US physicians used inert
placebo pills or injections, but about 50% gave medica-
tions that they think to have no specific effect on patients’
conditions.”” Thus, they are prescribed as placebos.

While in the classic understanding it is essential that
placebo treatment needs deception of the patient, recent
studies report evidence that placebos may work even
without concealment or deception. This seems to be very
important to profit from beneficial effects of placebos
used for a therapeutic purpose in a clear ethical frame.
Kaptchuk et al reported a randomised controlled study
showing that patients with irritable bowel syndrome symp-
toms swallowing OLPs had higher mean global improve-
ment scores than a control group.” Similar studies have
been reported on different diseases.”*°

So faritis unclear how OLP exhibitits efficacy. Different
mechanisms are discussed and may operate together.*
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It has been suggested that the effects of OLPs may be
described by classical conditioning. Thus, the effects seen
by OLP may be explained by a conditioned expectation.
In this view, placebos may retrieve a pharmacological
memory.”® This is supported by a recent study on pain
perception, which showed that an OLP effect exists in
patients who had been conditioned for longer, but not for
shorter time periods.”” Embodied cognition is a further
way to explain OLP effects. According to this theory,
mind and world interact via the body and thereby may
influence our cognitions.”® In contrast to the previous
explanation, no specific conditioning procedure is neces-
sary. In addition, patient-healthcare provider relations
may be important when trying to understand the effects
of OLP. It is well known that the social interaction of the
patient with the healthcare provider may result in feeling
socially supported, which may affect the health system.

However, in order to better understand why OLPs may
work, it seems important not only to know if OLPs may
result in similar effect sizes than covert placebos but also
to compare the effect with other effective or potentially
effective treatment options. Unfortunately, to date, there
are no OLP studies including a covert placebo condi-
tion or an effective other therapy option. The current
trial design aims to account for this lack of comparison
conditions.

Taken together, the present trial aims to test a probi-
otic treatment (F. faecalis) in patients with allergic rhinitis
compared with effects seen by OLP, double-blinded
placebo treatment and no treatment control. With the
inclusion of these additional control conditions and
endpoints, we hope to determine the effect of the probi-
otic treatment as well as OLPs on allergic rhinitis.
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