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Abstract

Background: Topical probiotics have been suggested as a treatment option for aller-
gic rhinitis, as they may skew the immune response towards a beneficial type-1 non-
allergic profile. So far observations in man have exclusively involved oral intake. The
aim of this study was to examine whether a topical/nasal administration of a probiotic
assemblage (PA) affects quality of life, symptoms and signs of allergic rhinitis in a nasal
allergen challenge (NAC) model.

Methods: In a placebo-controlled and crossover design, 24 patients with sea-
sonal allergic rhinitis were randomised to topical/nasal administration with a PA of
Lactobacillus rhamnosus SP1, Lactobacillus paracasei 101/37 and Lactococcus lactis
L1A or placebo for 3 weeks. Participants and investigators were blind to treatment
allocation. The last week of each treatment period was combined with a NAC se-
ries. Efficacy variables were “Mini-Rhinoconjunctivitis Quality of Life Questionnaire”
(Mini-RQLQ), “Total Nasal Symptom Score” (TNSS), “Peak Nasal Inspiratory Flow”
(PNIF) and “Fractional Exhaled Nitric Oxide” (FeNO). In addition, to assess whether
or not the PA produced any pro-inflammatory effect per se, soluble analytes were
monitored in nasal lavage fluids. Finally, bacterial cultures, sampled using swabs from
the middle nasal meatus, were assessed for the presence of the PA by MALDI-TOF
analysis.

Results: Administration of the PA did not produce any nasal symptoms (cf. placebo).
An innate immune response was discerned within the PA run (cf. baseline), but no
change in nasal lavage fluid levels of cytokines/mediators was observed cf. placebo
except for IL-17/IL-17A (a minor increase in the PA run). Administration of the PA did
neither affect Mini-RQLQ, TNSS, PNIF nor FeNO. No evidence of persistent coloniza-
tion was observed.

Conclusions: Topical/nasal administration of a PA comprising Lactobacillus rhamnosus
SP1, Lactobacillus paracasei 101/37 and Lactococcus lactis L1A, while likely evoking a
minor innate immune response yet being safe, does not affect quality of life, symp-

toms or signs of allergic rhinitis. Trial registration: not registered.
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Does nasal administration of a probiotic assemblage (PA) affect
symptoms and signs of allergic rhinitis (AR)?

4

'~ In a placebo-controlled crossover design, o
24 patients were subjected to a PA for 1
three weeks. o 2 s s

The last week of each treatment period
was combined with a series of NAC.

o3

[ [ Placebo
= PA
6

TNSS (0-9)

¢ Aninnate immune response was
discerned in the PA-run (cf. baseline).

* Compared with placebo, the PA did not s \9@& x‘y"
affect symptoms and signs of AR, &
including TNSS. &
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GRAPHICAL ABSTRACT

Probiotics have been suggested as a treatment option for allergic rhinitis (AR). So far observations in humans have exclusively involved oral
intake. In a placebo-controlled crossover design, biological effects and clinical efficacy of a topical/nasal probiotic assemblage (PA) were
examined in a nasal allergen challenge model in patients with seasonal AR. Topical/nasal administration of the PA was safe. Compared with
placebo, the PA did not affect quality of life, symptoms and signs of AR.

1 | INTRODUCTION

The “hygiene hypothesis,” introduced by Strachan et al. in 1989,!
states that less microbes in the homes of developed countries
(i.e. clean domestic milieus) are associated with a rise of allergic/
inflammatory disorders. Subsequently, it was expanded into a “bio-
diversity hypothesis” by von Hertzen et al.? A global decline in bio-
diversity (comprising pathogens, commensals and other organisms)
contributes to the cause of these conditions. In parallel, experi-
mental observations provided insights into T cell populations and
their functions, indicating key immunological mechanisms for the
interaction between inflammatory processes produced by allergen
and infectious agents. For example, that Thl cell actions, includ-
ing release IFNy, might down-regulate Th2 cell, allergy-associated
features.®

A possibility that has emerged from the above-mentioned con-
text is that measures mimicking infections may reduce symptoms
of allergic disorders. In agreement, in allergic rhinitis (AR), we have
demonstrated that topical/nasal treatment with a Toll-like recep-
tor-7 (TLR-7) agonist, a receptor for single-stranded viral RNA, pro-
duces a type-1 response (local production of IL-6, TNFa, IFNy and
IP-10) and a parallel reduction in responsiveness to allergen (i.e.
reduced symptoms).* A similar mechanism has been suggested for
probiotics acting on “pattern recognition receptors” (e.g. TLRs).>”

Key Messages

e Effects of a probiotic assemblage (PA) were examined in
a nasal allergen challenge model.

o Nasal administration of the PA was well tolerated.

e |n allergic rhinitis, the PA did not affect symptoms and

signs of the disease.

However, even if various probiotics and probiotic assemblages (PA)
may produce different effects, the single study in man so far on top-
ical/nasal administration of lactic acid bacteria did not produce any
discernable type-1 response: that is, unaffected lavage fluid levels of
IL-6, IL-8, MIG, IL-15, EGF, IP-10 and IL-1RA.®

A further mechanism suggested to be involved in disease-
modifying effects of probiotics is a stabilizing effect of the epithelial
lining, proposed to result in reduced release of pro-inflammatory
factors.” X However, supporting data are restricted to animal obser-
vations and to bronchial airway/lung assessment after nasal admin-
istration of probiotics.lz'13 In a mouse model of AR, L. rhamnosus was
suggested to attenuate allergen-induced production of type-2 cyto-
kines (IL-5 and IL-13) and reduce allergen responsiveness.12 Similarly,

|14

Hisbergues et al.”” reported that L. plantarum prevented Th2 immune



MARTENSSON ET AL.

ﬂWl LEY

responses in mice sensitized to house dust mite. Previous observa-
tions in man exclusively involve oral intake of probiotics, and the re-
sults, although showing some degree of efficacy, do not convincingly
demonstrate a clinically relevant effect.r>”

To the best of our knowledge, although suggested as a possibil-

612 o studies have focussed on administration of topical/nasal

ity,
probiotics in patients with AR. In this study involving individuals
with seasonal AR, we examined effects of a topical/nasal PA com-
prising Lactobacillus rhamnosus SP1, Lactobacillus paracasei 101/37
and Lactococcus lactis L1A in a nasal allergen challenge (NAC)
model. ¥ Accordingly, out of the pollen season, the PA was admin-
istered by a nasal spray device for 3 weeks in a placebo-controlled
and crossover design. Two weeks into each treatment period, once
daily NAC commenced and continued for 7 days. A range of parame-
ters were monitored including the “Mini-Rhinoconjunctivitis Quality
of Life Questionnaire” (Mini-RQLQ) with its nasal subdomain, “Total
Nasal Symptom Scores” (TNSS), “Peak Nasal Inspiratory Flow” (PNIF)
and “Fractional Exhaled Nitric Oxide” (FeNO). In addition, cytokines/
mediators in nasal lavage fluids were monitored to assess any pro-
inflammatory effect of the PA. Finally, aspects of colonisation of the

PA were examined.

2 | MATERIAL AND METHODS

21 | Study design

The study was of a randomized, double-blinded, placebo-
controlled and crossover design and involved administration of a
topical/nasal PA to patients with seasonal AR in a NAC model. It
was conducted in Sweden outside the pollen season of 2019 and
covered 14 weeks (Table 1). Rescue medications were allowed on

request (desloratadine, 5 mg, once daily). The study was approved

by the Swedish Ethical Review Authority (2019-04204), conducted
according to good clinical practice, and after written informed con-
sent. Outcome measures are described below. Adverse events and

side effects were monitored in case record forms.

2.2 | Patients

Twenty-five patients with strictly seasonal AR to birch or grass (tim-
othy) pollen allergen were recruited. One individual withdrew his/
her consent before starting administration of the study drug/pla-
cebo (Table 2). The diagnosis was verified by a skin prick test (SPT;
Soluprick, ALK), which also included house dust mite, cat and dog
allergen.

Inclusion criteria: Positive SPT for birch or grass pollen allergen
(weal diameter 23 mm), no history of AR outside the pollen season
and age 218 vyears. Exclusion criteria: Respiratory tract infection
within 2 weeks, chronic rhinosinusitis, treatment with antibiot-
ics (within 4 weeks), structural abnormalities of the nasal airway,
asthma, immune deficiency, sensibilization to house dust mite and
previous immune therapy. Medication washout: No medication, ex-
cept for occasional paracetamol, was allowed for 4 weeks prior to
the study.

2.3 | Visits

The study comprised an inclusion visit (Visit 1), visits at the start of
each treatment period (Visits 2 for the 1st period and Visits 10 for
the 2nd), visits during the NAC series (Visits 3-9 for the 1st period
and Visits 11-17 for the 2nd), and a follow-up visit (Visit 18; Table 1).
A washout period of 4 weeks was instituted between the 1st and the

2nd run. Patients randomized to the PA in the 1st run were subjected

TABLE 1 Study scheme of treatment periods and nasal allergen challenge (NAC) series in relation to monitoring/sampling in a crossover

design

Inclusion Treatment week 1 Treatment week 2
Visit 1 2

Treatment ‘ ‘ ‘ ] ‘ ‘

Placebo || [ 1]

NAC | |

TNSS

Treatment week 3

345 67 8 9 10

4 week Treatment week 1 Treatment week 2 Treatment week3 | 2 week

11 12 13 14 15 16 17 18

><]
HEREEN

PNIF

Mini-RQLQ

FeNO

Nasal lavage

Blood

Examination
ESwab
Titration

SPT

Abbreviations: FeNO, fractional exhaled nitric oxide; Mini-RQLQ, rhinoconjunctivitis quality of life questionnaire; NAC, nasal allergen challenge;
PNIF, peak nasal inspiratory flow; SPT, skin prick test; TNSS, total nasal symptom score.



MARTENSSON ET AL.

Wi LEYM

TABLE 2 Clinical characteristics of the patients

Category Data (n = 24)
Sex male, n (%) 9 (37.5)

Age median (min-max) 27 (19-49)
Total IgE, kU/L median (min-max) 89.9 (16.5-562)
Birch-specific IgE, kU/L median (min-max) 0.6 (0-100)
Timothy-specific IgE, kU/L median (min-max) 9.5 (0-86.4)
Sensitized to birch, n (%) 12 (50)
Sensitized to timothy, n (%) 23 (95.8)

Nasal allergen challenge, birch/timothy n (%) 6/18 (25/75)

to placebo in the 2nd and vice versa. Timing of recordings of outcome
measures in relation to NAC is indicated below.

At Visit 1, inclusion and exclusion criteria were considered
and written informed consent was obtained. An ENT examination
was performed, including a rhino-endoscopy, and ESwab samples
(Copan) were collected from the middle meatus bilaterally for bac-
terial culturing and analysis. Finally, an allergen titration procedure
was performed in order to establish the daily dose to be used in the
NAC model (see below).

Visits 2 and 10 included a baseline collection: Mini-RQLQ, TNSS,
PNIF and FeNO. Moreover, at Visit 2, the patients received instruc-
tions regarding storage of study drug (refrigerator), treatment and
recording of symptoms. Furthermore, at Visits 2/10 and 9/17, material
was obtained for laboratory tests: that is, blood sampling for total and
specific IgE and nasal lavage fluids for analysis of cytokines/mediators.

Visits 3 and 11, after 2 weeks treatment and prior to the NAC
series, included the same measurements as at Visits 2 and 10. Visits
3-9inthe 1strunand 11-17 in the 2nd run included daily NACs with
recording of TNSS and PNIF 10 min after each allergen challenge.
Finally, at Visit 18, ENT examinations with rhino-endoscopies and

ESwab samplings were performed.

2.4 | Probiotics, randomization and blinding

PA and placebo were provided by Essum Pharma. The PA was
Lactobacillus rhamnosus SP1, Lactobacillus paracasei 101/37 and
Lactococcus lactis L1A in a ratio of 1:1:1. The placebo was a composi-
tion of rice starch, maltodextrin and sucrose. Randomization num-
bers were allocated to the patients according to a list generated by
Essum Pharma. Patients, physicians and medical staff were blinded
to the treatment order.

Two-hundred microlitre per nostril was administered twice daily
for 3 weeks using a nasal spray device (Pump 100 APF SNAP 20,
Aptar pharma). For the PA, this translated to 1.9 x 10*® CFU/per
dose. Compliance was assessed by comparing the weight of the
nasal spray bottles at baseline (Visits 2 and 10) with the weight after
2 and 3 weeks of treatment (Visits 3 and 11 and Visits 9 and 17), re-
spectively. In addition, viability of the PA was randomly assessed by
Essum Pharma after the return of the spray bottles.

2.5 | Allergen titration and nasal allergen challenge
In order to establish repeatable, symptom-producing yet individually
tolerable allergen challenge doses, allowing for daily challenges for
7 days, a titration procedure was performed.'® Diluent followed by
increasing doses of allergens was administered at 10-min intervals
using a spray device delivering 100 ul per spray, resulting in effective
doses of 100, 300, 1000 and 3000 SQ (standardized quantity) units
per nasal cavity (ALK). This scheme was followed until the subject
responded with five sneezes or a symptom score of 2 or more on a
scale of 0-3 for either nasal secretion or blockage.?’ The dose that
produced this effect was used in the NAC series, that is, once daily

for seven consecutive days in each treatment run (Table 1).

2.6 | Outcome measures

Mini-RQLQ comprises 14 items divided into 5 domains (activity
limitations, practical problems, nose symptoms, eye symptoms and
other symptoms). All questions were scored on a seven-point scale
(ranging from O = no impairment to 6 = severe impairment), with
lower scores indicating a better QoL.?* Mini-RQLQ was recorded at
baseline (Visit 2 and 10), after 2 weeks' treatment (Visit 3 and 11) and
at Visit 9/17 prior the NAC.

Sneezes, blockage, rhinorrhoea and either itchy nose or sneezes
(the most predominant) were scored by the subject at baseline (Visit
2 and 10) and after 2 weeks treatment (before the first NAC; Visit 3
and 11) on a 4-point scale: 0: no symptoms, 1: mild, 2: moderate and
3: severe symptoms, added to a TNSS.2? Similarly, nasal symptoms
were scored 10 min after each allergen challenge (Visits 3-9 in the
1st run, Visits 11-17 in the 2nd run).

After scoring of TNSS, at the visits described above, PNIF was
assessed as a measure of nasal blockage. A nasal inspiratory flow
meter equipped with a facial mask was used (Clement-Clarke). The
highest of three measurements was registered.

Airway allergy/inflammation is associated with high levels of ni-
tric oxide (NO), which can be measured as FeNO in exhaled air.>*%*
In this study, the Niox Vero system was used (Circassia). Airway al-
lergy/inflammation is also associated with blood eosinophilia and the
occurrence of allergen-specific and total IgE: Venous blood samples
and clinical protocols were used. FeNO, blood eosinophilia and IgE
were assessed at the same time-points as Mini-RQLQ.

Nasal lavages were performed for analysis of cytokines/media-
tors in order to assess any pro-inflammatory effect of the PA. Fifteen
millilitre of a sodium chloride solution (0.9%) was instilled into each
nasal cavity using the Nasaline system (Squip). After 2 min, the fluids
were collected and centrifugated (4°C, 10 min). Supernatants were
stored at —20°C until analysis. Nasal lavages on Visit 9/17 were per-
formed 24 h after the second last NAC and prior to the last NAC.

Markers were analysed by Luminex profiling using a human pre-
mixed discovery assay (Bio-Techne) on the Bio-PlexR 200 system
(Bio-Rad Lab). The analytes comprised: TNFa, IFNy, IP-10, MIP-1q,
MIP-13, MCP-1, IL-6, IL-8, IL-10, IL-17/IL-17A, 1L-33, ST2, IL-4, IL-5,
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IL-12p70, IL-13 and eotaxin. To maintain high quality, coefficient of
variance (CV) filtration was performed and values exceeding a 20%
CV cut-off were omitted. Extrapolated values were used in case
readouts were out of the detection range of the assay.

Microbiology: At Visits 1 and 18, ESwabs were inserted bilaterally
in the middle nasal meatus for sampling of liquids followed by bac-
terial culturing. This was followed by MALDI-TOF analysis (matrix-
assisted laser desorption/ionization time of flight) for detection of
the probiotic strains used in this study, in order to explore whether

or not the patients were colonized after the study treatment.

2.7 | Statistics

Quantitative data were described as box plots with medians, in-
terquartile ranges (IQR) and range and categorical data (qualitative
variables) as frequencies. Paired data were compared using the
Wilcoxon signed-rank test. p-values <.05 were considered statisti-
cally significant. The focus was on comparisons between the PA
and placebo, but also within each treatment group in order to ex-
plore effects of the PA. Calculations were done with Prism version
9 (GraphPad).

3 | RESULTS

One individual opted not to participate after Visit 1. Accordingly, 24
patients were randomized. Their characteristics are presented in
Table 2. In the 1st run, 13 patients received the PA and 11 placebo,
and vice versa in the 2nd run. During the course of the study, no
response to the placebo was observed. In the NAC series, six pa-
tients received birch pollen allergen (1 at the 100 SQ-U dose level,
1 at 300 SQ-U and 3000 SQ-U, respectively, and 3 at 1000 SQ-
U). Eighteen patients received timothy pollen allergen (3 at the 100
SQ-U dose level, 7 at 300 SQ-U and 1000SQ-U, respectively, and 1
at 3000 SQ-U). Two patients in the placebo group received a single-
dose desloratadine (5 mg) each during the NAC series. One patient in
the PA group received one dose desloratadine each day throughout

the NAC series, and an additional patient in the PA group received

(A) (B)
64 ns ns ns g 64 NS ns
[ Placebo <
& = PA 'g
é 4+ - O 4
o k-]
= - ©
<] 8
x - o
E 27 g 24
= <]
ox
=
o X ) =0 X
é\,§ &e}‘ & é&e &é‘
'be 0\' \x ‘be ';'
12 R & ® <& &
5 5
<& <&

a single-dose desloratadine during the NAC series. One patient was
excluded because of non-compliance.

There were no differences in total Mini-RQLQ scores between
the PA and placebo at baseline (p = .26, Visit 2/10), after 2 weeks
treatment (p = .83, Visit 3/11) or at the end of the NAC series (while
the treatment continued; p = .84, Visit 9/17; Figure 1). Minor yet
statistically significant increases in total Mini-RQLQ scores occurred
between observations at baseline (Visit 2/10) and after 2 weeks
treatment (Visit 3/11) in the PA run (p = .04) as well as the placebo
run (p = .04; Figure 1). Compared with recordings prior to each NAC
series (Visits 3/11), total Mini-RQLQ scores increased at the end of
the NAC series (Visit 9/17), but this trend failed to reach statistical
significance in the PA run (p = .27) as well as the placebo run (p = .11;
Figure 1).

There were no differences in Mini-RQLQ nasal domain scores
between the PA and placebo at baseline (p = .21, Visit 2/10),
after 2 weeks treatment (p = .23, Visit 3/11) or at the end of the
NAC series (while the treatment continued; p = .94, Visit 9/17;
Figure 1). No statistically significant changes in scores occurred
between observations at baseline (Visit 2/10) and after 2 weeks
treatment (Visit 3/11) in the PA run (p = .09) or the placebo run
(p = .08; Figure 1). Compared with recordings prior to each NAC
series (Visits 3/11), Mini-RQLQ nasal domain scores increased at
the end of the NAC series (Visit 9/17), and this trend reached sta-
tistical significance in the placebo run (p = .04), but not in the PA
run (p = .14; Figure 1).

There were no differences in TNSS between the PA and placebo
at baseline (p > .99, Visit 2/10), after 2 weeks treatment (p = .46, Visit
3/11) or at the end of the NAC series (while the treatment continued;
p =.98, Visit 7-9/15-17; Figure 2). A minor increase in TNSS occurred
between observations at baseline (Visit 2/10) and after 2 weeks
treatment (Visit 3/11). This reached statistical significance in the PA
run (p =.03), but not in the placebo run (p = .22; Figure 2). Compared
with recordings prior to each NAC series (Visits 3/11), TNSS (10-min
post-challenge) increased at the end of the NAC series (Visit 7-9/15-
17), and this reached statistical significance in the PA run (p < .0001)
as well as the placebo run (p < .0001; Figure 2).

There were no differences in PNIF between the PA and placebo
at baseline (p = .96, Visit 2/10), after 2 weeks treatment (p = .13,

ns
[ Placebo

B PA

FIGURE 1 Total Mini-RQLQ scores
(A) and Mini-RQLQ nasal domain scores
(B) at baseline (Visit 2/10), after 2 weeks
treatment (Visit 3/11) and after 1 week
NAC series with continued treatment
(Visit 9/17). There were no differences

in either of the scores at any time-point
between the PA run and the placebo run.
Data are presented as box plots: medians
with IQRs and ranges
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FIGURE 2 Total Nasal Symptom Score (A) (B)
and PNIF at baseline (Visit 2/10), after 2] + Placebo 2007 + Placebo
2 weeks treatment (Visit 3/11 prior to + PA 1504 - PA
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Visit 3/11) or at the end of the NAC series (while the treatment
continued; p = .86, Visit 7-9/15-17; Figure 2). No statistically signif-
icant changes in scores occurred between observations at baseline
(Visit 2/10) and after 2 weeks treatment (Visit 3/11) in the PA run
(p = .14) or the placebo run (p = .40; Figure 2). Compared with
recordings prior to each NAC series (Visits 3/11), PNIF decreased
at the end of the NAC series (Visit 7-9/15-17), and this difference
reached statistical significance in the PA run (p = .003) as well as
the placebo run (p = .01; Figure 2).

Data for FeNO, specific ISE and total ISE were obtained at Visits
2/10, 3/11 and 9/17 (Table 1). For all parameters, no statistically sig-
nificant differences were observed between the PA and placebo at
baseline (Visit 2/10), after 2 weeks treatment (Visit 3/11) or at the
end of the NAC series (while the treatment continued; Visit 7-9/15-
17; data not shown). No statistically significant changes occurred for
either of the markers between observations at baseline (Visit 2/10)
and after 2 weeks treatment (Visit 3/11) in the PA run or the placebo
run. Compared with recordings prior to each NAC series (Visits 3/11),
no changes were observed for either of the markers at the end of the
NAC series (Visit 7-9/15-17).

There were no differences in either of the nasal lavage fluid
cytokines/mediators between the PA and placebo at baseline (Visit
2/10) or after 2 weeks treatment (Visit 3/11), except for IL-17/IL-
17A (a minor increase in the PA run; Figure 3). Statistically signifi-
cant increase in TNFa, MIP-1a, MIP-13 and MCP-1, IL-6, IL-8, IL-10
and ST2 was observed after 2 weeks topical treatment with the PA
(Visit 3/11) cf. baseline (Visit 2/10; Figure 3). Statistically significant
increase in MCP-1 and IL-6 was observed after 2 weeks topical

treatment with placebo (Visit 3/11) cf. baseline (Visit 2/10; Figure 3).
At the end of the NAC series, nasal lavages obtained 24 h after the
last allergen challenge did not reveal any specific cytokine profiles
for either the PA run or the placebo run. Thus, the data were not
investigated further.

Compliance with regard to topical/nasal probiotic administration
was good (data not shown), and viability of the bacteria of the PA
was 5 x 10%-1 x 10'® CFU/ml at return of the nasal spray devices.
At the end of the study, after a treatment-free interval of 2 weeks,
no patient showed the presence of the bacteria of the PA (data not
shown). No severe adverse event related to the PA was reported
during the study. The spray was generally well tolerated, but two
patients recorded a burning sensation, one itching and one pain in

association at administration of the PA.

4 | DISCUSSION
In this study, involving patients with seasonal AR examined in a NAC
model, we demonstrate that topical/nasal administration of a PA
(i.e. Lactobacillus rhamnosus SP1, Lactobacillus paracasei 101/37 and
Lactococcus lactis L1A) is without effect on symptoms and signs of
the condition. The observation, which is the first of its kind, suggests
that topical/nasal probiotics, at least the PA evaluated in this study,
is not a viable option as treatment for AR.

The PA in this study was chosen based on demonstrated ef-
fects in vitro and on tolerance and safety in man.®1%2>2¢ |t was ad-

ministered using a nasal spray device as 200 pl of a 9.5 x 10%° cFu/
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FIGURE 3 Nasal lavage fluid levels of cytokines/mediators at baseline (Visit 2/10) and after 2 weeks treatment (Visit 3/11) prior to the
NAC series. There were no differences in either of the analytes at any time-point between the PA run and the placebo run, except for IL-17/
IL-17A (a minor increase in the PA run) at Visit 3/11. Statistically significant increases in TNFa, MIP-1a, MIP-18 and MCP-1, IL-6, IL-8, IL-10
and ST2 were observed after 2 weeks topical treatment with the PA (Visit 3/11) cf. baseline (Visit 2/10). Statistically significant increases

in MCP-1 and IL-6 were observed after 2 weeks topical treatment with placebo (Visit 3/11) cf. baseline (Visit 2/10). * indicates p < .05; **

indicates p < .01

ml solution per nostril twice daily for 3 weeks. The dose was se-
lected as “moderate,” for example, as compared to that of an ear-
lier study focussing on chronic rhinosinusitis (with another PA):
that is, 200 ul of a 1 x 10! CFU/ml solution per nostril twice daily
for 2 weeks.?” In agreement with previous observations,®?” the
PA was well tolerated. For example, no discernible change in Mini-
RQLQ scores was observed and no nasal symptoms were pro-
duced (cf. placebo). Taken together, our observations confirm the
notion that probiotics administered to the nasal cavity does not
cause any adverse events. Furthermore, as evidenced by negative
cultures 2 weeks after the final treatment run, no colonization
with the PA occurred.

The effect of the topical/nasal PA was assessed in a NAC model
involving 7 days repeated allergen exposure. Benefits of the model
are that interindividual differences in allergen sensitivity are levelled
and that fluctuations in allergen exposure, which characterize natu-
ral allergen exposure and make studies of crossover design difficult,
are avoided. Accordingly, in the model, a treatment can be evaluated
against placebo and against other treatments.®* It is well established
that AR impairs QoL However, in this study no such effects could be
discerned through the brief 7 days NAC series either for the total Mini-
RQLQ or its nasal subdomain. Similarly, no change in FeNO was ob-
served. In contrast, symptoms of AR were produced as expected as well
as corresponding reductions in PNIF (reflecting nasal blockage). The
PA failed to affect nasal symptoms and PNIF compared with placebo,
indicating that it (i.e. Lactobacillus rhamnosus SP1, Lactobacillus paraca-
sei 101/37 and Lactococcus lactis L1A) was without effect on AR.

In this study, we hypothesized that the PA might skew the im-
mune system into a type-1 response, which could affect symp-
toms of AR. Compared with placebo, no marked such effect was
observed. However, it was evident that many cytokines/mediators
were increased after 2 weeks in the PA run compared with baseline,
whereas this was rarely seen in the placebo run. Taken together, we
therefore might conclude that a mild innate immune response was in-
deed evoked, differing from a clearer type-1 response by an absence
of IFNy production. The response was thus similar, but not identical,
to our previous observation of a type 1-response-producing effect
of topical/nasal administration of a TLR-7 agonist, which attenuated
symptoms of AR at seasonal allergen exposure. In contrast to that
observation, the PA did neither affect symptoms of AR nor PNIF.
Whether or not other doses of the present PA, or other PAs, may
produce a clearer type-1 response and affect symptoms of AR re-
mains to be elucidated.

Our findings disagree with the notion emerging from studies
in mouse models of allergic airway inflammation involving topi-
cal L. rhamnosus GG/GR-1, L. paracasei NCC2461 and L. plantarum

NCC1107/NCIMB88262%* resulting in reduced allergen-induced
type-2 cytokine production and eosinophil recruitment and, con-
sequentially, attenuation of airway symptoms. Indeed, our observa-
tions suggest that such findings may not immediately be transferable
to humans. Furthermore, the experimental observations focused on
inflammation of the bronchial airways/lung and not the upper/nasal
airway. In the present study, aspects of inflammation, assessed by
levels of cytokines/mediators in nasal lavages, were not intelligible,
likely because of the concomitant administration of allergen and the
PA. Furthermore, the nasal lavages might not have been timed accu-
rately in relation the allergen exposure to detect transient increases
in type 2-cytokines.

A comparison between the present study and previous obser-
vations on effects of oral intake of probiotics in AR may warrant
consideration. To the best of our knowledge, all previous studies
in man focussing on effects of probiotics in AR involve oral admin-
istrations.??3! Some of these report no effects on QoL,3?3* while
a series of others (meta-analysed) suggests improvements.'> The
mechanisms involved may comprise a systemic effect on the immune
system and not any effect initiated locally, such as stabilizing effects
on the nasal epithelium and reduced release of pro-inflammatory fac-
tors. However, in comparison with key pharmaceuticals for AR, that
is, corticosteroids and antihistamines, the effect of oral probiotics ap-
pears to be minor and likely of limited clinical relevance. The PA used
in this study has not previously been used orally in allergic rhinitis.

Study limitation considerations: The objective of this study was
to examine effects of the PA on symptoms and signs of allergic
rhinitis. Accordingly, no control group (healthy individuals) was in-
cluded, and no comparison was made between healthy individuals
and patients with allergic with regard to effects of the PA adminis-
tration. The level of symptoms reached during the NAC series was
in agreement with previous observations in the model 181 Notably,
it was titrated to be on the lower side, because it had to be tolerable
when the challenge was repeated throughout the NAC series. The
probiotic assemblage was administered concomitant with the nasal
allergen challenge; thus, the cytokine signalling obtained could not
be attributed to either intervention.

In conclusion, the PA produced a mild innate immune response.
Nevertheless, 3 weeks of topical/nasal treatment with the PA con-
sisting of Lactobacillus rhamnosus SP1, Lactobacillus paracasei 101/37
and Lactococcus lactis L1A did not affect symptoms of AR compared

with placebo.

ACKNOWLEDGEMENTS
The authors thank their patients for their participation. We thank
Lena Glantz-Larsson for assistance with management. The study



MARTENSSON ET AL.

ﬂWl LEY

was funded by Stig and Ragna Gorthon's Foundation and Thelma
Zoéga's Foundation, respectively, Helsingborg, Sweden. Thanks to
Aptar Pharma for donating nasal spray devices and to ENTPro AB for
donating Nasaline devices.

CONFLICT OF INTEREST

None of the authors declare any conflict of interest.

AUTHOR CONTRIBUTIONS

AM, FN, CC-H, AC and LG contributed to the conception and design
of the study. AM, FN and CC-H coordinated patient selection and
clinical sampling. CS and ML designed and performed the cytokine
analysis. CC-H, AM and FN performed data input. AM, FN and LG
analysed the data and wrote the manuscript. CC-H, CS, ML and AC
contributed with revision and editing of the manuscript. All authors

read and approved the manuscript.

ETHICAL APPROVAL
The study was approved by Swedish Ethical Review Authority and
complies with the Declaration of Helsinki. All patients provided writ-

ten consent.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-

able due to privacy or ethical restrictions.

ORCID

Franziska U. Nordstrém "= https://orcid.org/0000-0003-3730-094X

Christina Sakellariou " https://orcid.org/0000-0002-2376-7808

REFERENCES

1. Strachan DP. Hay fever, hygiene, and household size. BMJ.
1989;299(6710):1259-1260.

2. von Hertzen L, Hanski I, Haahtela T. Natural immunity. Biodiversity
loss and inflammatory diseases are two global megatrends that
might be related. EMBO Rep. 2011;12(11):1089-1093.

3. de Azevedo MS, Innocentin S, Dorella FA, et al. Inmunotherapy of
allergic diseases using probiotics or recombinant probiotics. J Appl
Microbiol. 2013;115(2):319-333.

4. Greiff L, Ahlstrom-Emanuelsson C, Alenas M, et al. Biological ef-
fects and clinical efficacy of a topical toll-like receptor 7 agonist in
seasonal allergic rhinitis: a parallel group controlled phase Ila study.
Inflamm Res. 2015;64(11):903-915.

5. Lebeer S, Vanderleyden J, De Keersmaecker SC. Host interactions
of probiotic bacterial surface molecules: comparison with commen-
sals and pathogens. Nat Rev Microbiol. 2010;8(3):171-184.

6. Martens K, Pugin B, De Boeck I, et al. Probiotics for the airways:
potential to improve epithelial and immune homeostasis. Allergy.
2018;73(10):1954-1963.

7. Medzhitov R. Recognition of microorganisms and activation of the
immune response. Nature. 2007;449(7164):819-826.

8. Martensson A, Greiff L, Lamei SS, et al. Effects of a honeybee lactic
acid bacterial microbiome on human nasal symptoms, commensals,
and biomarkers. Int Forum Allergy Rhinol. 2016;6(9):956-963.

9. Medina M, Villena J, Salva S, Vintini E, Langella P, Alvarez S. Nasal
administration of Lactococcus lactis improves local and systemic

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

immune responses against Streptococcus pneumoniae. Microbiol
Immunol. 2008;52(8):399-409.

Zelaya H, Tsukida K, Chiba E, et al. Immunobiotic lactobacilli re-
duce viral-associated pulmonary damage through the modulation
of inflammation-coagulation interactions. Int Immunopharmacol.
2014;19(1):161-173.

Ragupathy S, Esmaeili F, Paschoud S, Sublet E, Citi S, Borchard
G. Toll-like receptor 2 regulates the barrier function of human
bronchial epithelial monolayers through atypical protein kinase
C zeta, and an increase in expression of claudin-1. Tissue Barriers.
2014;2:29166.

Spacova |, Petrova MI, Fremau A, et al. Intranasal administra-
tion of probiotic Lactobacillus rhamnosus GG prevents birch
pollen-induced allergic asthma in a murine model. Allergy.
2019;74(1):100-110.

Pellaton C, Nutten S, Thierry AC, et al. Intragastric and intranasal
administration of Lactobacillus paracasei NCC2461 modulates al-
lergic airway inflammation in mice. Int J Inflam. 2012;2012:686739.
Hisbergues M, Magi M, Rigaux P, et al. In vivo and in vitro immuno-
modulation of Der p 1 allergen-specific response by Lactobacillus
plantarum bacteria. Clin Exp Allergy. 2007;37(9):1286-1295.
Glveng IA, Muluk NB, Mutlu FS, et al. Do probiotics have a role
in the treatment of allergic rhinitis? A comprehensive systematic
review and meta-analysis. Am J Rhinol Allergy. 2016;30(5):157-175.
Zajac AE, Adams AS, Turner JH. A systematic review and meta-
analysis of probiotics for the treatment of allergic rhinitis. Int Forum
Allergy Rhinol. 2015;5(6):524-532.

Peng Y, Li A, Yu L, Qin G. The role of probiotics in prevention and
treatment for patients with allergic rhinitis: a systematic review. Am
J Rhinol Allergy. 2015;29(4):292-298.

Korsgren M, Andersson M, Borga O, et al. Clinical efficacy and
pharmacokinetic profiles of intranasal and oral cetirizine in a re-
peated allergen challenge model of allergic rhinitis. Ann Allergy
Asthma Immunol. 2007;98(4):316-321.

Ahlstrom-Emanuelsson C, Persson CG, Svensson C, et al.
Establishing a model of seasonal allergic rhinitis and demonstrating
dose-response to a topical glucocorticosteroid. Ann Allergy Asthma
Immunol. 2002;89(2):159-165.

Ellis AK, Soliman M, Steacy L, et al. The allergic rhinitis - clinical in-
vestigator collaborative (AR-CIC): nasal allergen challenge protocol
optimization for studying AR pathophysiology and evaluating novel
therapies. Allergy Asthma Clin Immunol. 2015;11(1):16.

Juniper EF, Thompson AK, Ferrie PJ, Roberts JN. Development and
validation of the mini rhinoconjunctivitis quality of life question-
naire. Clin Exp Allergy. 2000;30(1):132-140.

Greiff L, Ahlstrom-Emanuelsson C, Bahl A, et al. Effects of a dual
CCR3 and H1-antagonist on symptoms and eosinophilic inflamma-
tion in allergic rhinitis. Respir Res. 2010;11:17.

Taylor DR, Pijnenburg NW, Smith AD, De Jongste JC. Exhaled ni-
tric oxide measurements: clinical application and interpretation.
Thorax. 2006;61(9):817-827.

Bjermer L, Alving K, Diamant Z, et al. Current evidence and future
research needs for FeNO measurement in respiratory diseases.
Respir Med. 2014;108(6):830-841.

Kalliomaki M, Antoine JM, Herz U, Rijkers GT, Wells JM, Mercenier
A. Guidance for substantiating the evidence for beneficial effects
of probiotics: prevention and management of allergic diseases by
probiotics. J Nutr. 2010;140(3):713S-721S.

Skovbjerg S, Roos K, Holm SE, et al. Spray bacteriotherapy de-
creases middle ear fluid in children with secretory otitis media. Arch
Dis Child. 2009;94(2):92-98.

Martensson A, Abolhalaj M, Lindstedt M, et al. Clinical efficacy of
a topical lactic acid bacterial microbiome in chronic rhinosinusitis:
a randomized controlled trial. Laryngoscope Investig Otolaryngol.
2017;2(6):410-416.


https://orcid.org/0000-0003-3730-094X
https://orcid.org/0000-0003-3730-094X
https://orcid.org/0000-0002-2376-7808
https://orcid.org/0000-0002-2376-7808

MARTENSSON ET AL.

Wi LEYﬂ

28.

29.

30.

31.

32.

33.

Linneberg A, Dam Petersen K, Hahn-Pedersen J, Hammerby E,
Serup-Hansen N, Boxall N. Burden of allergic respiratory disease:
a systematic review. Clin Mol Allergy. 2016;14:12.

Wassenberg J, Nutten S, Audran R, et al. Effect of Lactobacillus pa-
racasei ST11 on a nasal provocation test with grass pollen in allergic
rhinitis. Clin Exp Allergy. 2011;41(4):565-573.

Ivory K, Chambers SJ, Pin C, Prieto E, Arques JL, Nicoletti C.
Oral delivery of Lactobacillus casei Shirota modifies allergen-
induced immune responses in allergic rhinitis. Clin Exp Allergy.
2008;38(8):1282-1289.

Perrin Y, Nutten S, Audran R, et al. Comparison of two oral probi-
otic preparations in a randomized crossover trial highlights a po-
tentially beneficial effect of Lactobacillus paracasei NCC2461 in
patients with allergic rhinitis. Clin Transl Allergy. 2014;4(1):1.
Nembrini C, Singh A, De Castro CA, Mercenier A, Nutten S. Oral ad-
ministration of Lactobacillus paracasei NCC 2461 for the modulation
of grass pollen allergic rhinitis: a randomized, placebo-controlled
study during the pollen season. Clin Transl Allergy. 2015;5:41.

Lin WY, Fu LS, Lin HK, Shen CY, Chen YJ. Evaluation of the effect
of Lactobacillus paracasei (HF.A00232) in children (6-13 years old)
with perennial allergic rhinitis: a 12-week, double-blind, randomized,
placebo-controlled study. Pediatr Neonatol. 2014;55(3):181-188.

34. Helin T, Haahtela S, Haahtela T. No effect of oral treatment with an
intestinal bacterial strain, Lactobacillus rhamnosus (ATCC 53103),
on birch-pollen allergy: a placebo-controlled double-blind study.
Allergy. 2002;57(3):243-246.

SUPPORTING INFORMATION
Additional supporting information may be found in the online

version of the article at the publisher’s website.

How to cite this article: Martensson A, Nordstréom FU,
Cervin-Hoberg C, et al. Nasal administration of a probiotic
assemblage in allergic rhinitis: A randomised placebo-
controlled crossover trial. Clin Exp Allergy. 2022;52:774-783.
doi:10.1111/cea.14098


https://doi.org/10.1111/cea.14098

	Nasal administration of a probiotic assemblage in allergic rhinitis: A randomised placebo-­controlled crossover trial
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Study design
	2.2|Patients
	2.3|Visits
	2.4|Probiotics, randomization and blinding
	2.5|Allergen titration and nasal allergen challenge
	2.6|Outcome measures
	2.7|Statistics

	3|RESULTS
	4|DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	ETHICAL APPROVAL
	DATA AVAILABILITY STATEMENT

	REFERENCES


