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ABSTRACT

Background: There is increasing evidence that probiotics are effective in treating allergic
rhinitis (AR), while some controversies remain. This study was performed to evaluate the
therapeutic effect and safety of a mixture of Bifidobacterium longum and Lactobacillus plantarum
(NVP-1703) in children with AR.

Methods: In a randomized, double-blind, placebo-controlled study, children aged 6 to 19 years
with perennial AR were treated with NVP-1703 at a dose of 1 x 10 CFU/day or placebo once a
day for 4 weeks. Total nasal symptom score (TNSS), nasal symptom duration score (NSDS),
quality of life (QoL), allergic inflammatory markers, and safety parameters were evaluated.
Results: After 4 weeks of treatment, the TNSS in the NVP-1703 group significantly decreased
compared to that in the placebo group (P=0.011), both in the morning and the evening
(P=0.031and P = 0.004, respectively). The NSDS also significantly decreased in the NVP-1703
group compared to that in the placebo group (P=0.018). QoL scores, particularly those related
to mouth breathing and itchy nose, showed a significant improvement in the NVP-1703 group
compared to the placebo group. The ratios of interleukin (IL)-4/IL-22 and IL-5/IL-22 were
significantly reduced in the NVP-1703 group after the treatment compared to the baseline
values. No notable adverse events were reported in the NVP-1703 group.

Conclusion: Oral administration of a mixture of B. longum and L. plantarum (NVP-1703)
improved both AR symptoms and QoL in children with perennial AR, accompanied by
decreases in the ratios of T helper 2 cytokines to IL-22.

Trial Registration: Clinical Research Information Service Identifier: KCT0002661

Keywords: Allergy; Microbiota; Nasal Symptoms; Probiotics; Quality of Life

INTRODUCTION

Allergic rhinitis (AR) is a common chronic disease that affects up to 40% of children!

and significantly reduces quality of life (QoL) in terms of impaired sleep quality, cognitive
function, and behavioral problems.23 Children with AR frequently rely on symptomatic
treatments such as antihistamines, which may cause adverse reactions such as drowsiness

1/12

ssaidhjunuwiy Aq pajessusn


http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2024.39.e266&domain=pdf&date_stamp=2024-08-20
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-1261-4507
https://orcid.org/0000-0002-1261-4507
https://orcid.org/0000-0002-4049-6712
https://orcid.org/0000-0002-4049-6712
https://orcid.org/0000-0002-8955-7440
https://orcid.org/0000-0002-8955-7440
https://orcid.org/0000-0002-1261-4507
https://orcid.org/0000-0002-4049-6712
https://orcid.org/0000-0002-8955-7440
https://orcid.org/0009-0003-2727-1070
https://orcid.org/0009-0005-2508-1868
https://orcid.org/0000-0001-7964-6418
https://orcid.org/0000-0002-7817-8728
https://orcid.org/0000-0003-1734-4101

Efficacy of NVP-1703 in Pediatric Allergic Rhinitis

JKMS

Hei Ji Seo
https://orcid.org/0009-0003-2727-1070
Se-Hui Kang
https://orcid.org/0009-0005-2508-1868
Seung-Won Han
https://orcid.org/0000-0001-7964-6418
Dong In Suh
https://orcid.org/0000-0002-7817-8728
Sooyoung Lee
https://orcid.org/0000-0003-1734-4101

Trial Registration
Clinical Research Information Service
Identifier: KCTOO02661

Funding

This research was supported by the Bio &
Medical Technology Development Program
of the National Research Foundation (NRF)
& funded by the Korean government (MSIT)
(NRF-2017M3A9G2049280).

Disclosure

Jang SW, Han SW, and Kang SH are employed
by NVP Healthcare Co., Ltd. The remaining
authors report no conflicts of interest in this
work.

Data Availability Statement

The data that support the findings of this
study are available on request from the
corresponding author. The data are not
publicly available due to privacy or ethical
restrictions.

Author Contributions

Conceptualization: Han SW, Suh DI, Lee S.
Data curation: Jeong K, Jeon SA, Seo HJ.
Formal analysis: Jeong K, Jang SW, Kang

SH. Funding acquisition: Suh DI, Lee S.
Investigation: Jeong K, Jeon SA, Seo HJ, Suh
DI, Lee S. Methodology: Jang SW, Han SW,
Suh DI, Lee S. Resources: Jeon SA, Seo HJ.
Supervision: Suh DI, Lee S. Validation: Suh DI,
Lee S. Visualization: Jang SW, Kang SH. Writing
- original draft: Jeong K, Jang SW. Writing -
review & editing: Jeong K, Jang SW, Han SW,
Suh DI, Lee S.

https://jkms.org

and dry mouth. Allergen-specific immunotherapy, which is the only disease-modifying
treatment, has limited indications and requires considerable effort, time, and cost.
Therefore, microbes such as probiotics have been featured as disease-preventive modalities
and are considered candidates as immunomodulating agents to prevent and treat allergic
diseases, mainly atopic dermatitis and respiratory allergic diseases.4-6

Balanced intestinal microbes modulate AR.%8 Lactiplantibacillus plantarum derived from Korean
kimchi promotes the production of interferon (IFN)-y and interleukin (IL)-12, decreases
airway hyperresponsiveness and leukocyte infiltration in mice, and reduces T helper 2 (Th2)
cytokine production in specific mucosal lesions.? Oral administration of Bifidobacterium

breve exerts anti-allergic effects by inhibiting the Th2 response and inducing CD4+/CD25+
regulatory T-cells.10 The effects of probiotics on AR have been mainly studied in Lactobacillus
spp. and Bifidobacterium spp., but the study protocols, outcome measures, and results are
relatively heterogeneous, and the evidence is limited in children.11,12

Treatment with a mixture of Bifidobacterium longum and Lactobacillus plantarum significantly

reduces allergic nasal symptoms, accompanied by a Th2 cytokine reduction in nasal tissues and
bronchoalveolar lavage fluid in ovalbumin-induced AR mice, and its clinical therapeutic effect has
been shown in adults with AR.13:14 We aimed to investigate the therapeutic effects of probiotic
NVP-1703, a mixture of B. longum and L. plantarum, in children with perennial AR. We conducted

a 4-week, double-blind, randomized, placebo-controlled trial in children using NVP-1703 and
investigated its effect on the total nasal symptom score (TNSS), nasal symptom duration score
(NSDS), QoL, and several biomarkers related to the immunomodulatory mechanism of AR.1517

METHODS

Study population

We included children and adolescents aged 6-19 years with perennial AR for more than

2 consecutive years, a mean TNSS > 2 points for 2 nasal symptoms during the run-in period,
and positive sensitization in a skin prick test (SPT; Lofarma SpA, Milan, Italy) or serum
specific immunoglobulin (Ig)E (Inhalant MAST; LG Chem., Seoul, Korea and ImmunoCAP;
Thermo Fisher Scientific, Uppsala, Sweden). Mean wheal size > 3 mm and greater than
positive control (histamine) in SPT, serum specific IgE > 0.35 kU,/L in ImmunoCAP, or serum
specific IgE > class 1 in MAST was considered positive. The primary criterion for defining
perennial AR was the presence of symptoms for more than 2 consecutive years, rather than
the specific type of allergens to which the subjects were sensitized. We excluded participants
taking medication that might affect AR during the study period; those taking systemic
corticosteroids, nasal cromolyn, or antihistamines within 2 weeks from the screening; and
those taking probiotic health functional foods or drinking fermented milk (> 4 times per
week) within 1 week from the screening. During the study period, the use of antihistamines,
health supplements for improving allergic rhinitis, immune-related health supplements (e.g.,
red ginseng, herbal medicine), steroids, nonsteroidal anti-inflammatory drugs, probiotic-
containing foods (e.g., fermented milk), probiotic health functional foods, and antibiotics
were not allowed.

Study design

Participants visited our center 4 times during the 4-week study period. During the screening
visit (Visit 1), we recorded demographic information and medical and surgical histories.
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Physical examinations, clinical laboratory tests, allergy tests (SPT, Inhalant MAST, or
Immuno CAP), and TNSS were also performed.

During the run-in period (between Visits 1 and 2), all participants had their TNSS recorded
daily for a minimum of 5 days. After the run-in period, participants who met the inclusion
criteria were randomly assigned to one of 2 treatment groups: the probiotic NVP-1703 group or
the placebo group. Detailed information regarding sample size determination, randomization,
and protocol access is provided in Supplementary Data 1-4. All participants recorded TNSS
and NSDS daily during study periods. At Visits 2, 3, and 4, the QoL Questionnaire in Korean
Children with AR (QoL-KCAR) was evaluated; serum immunological biomarkers were
analyzed at Visits 2 and 4. TNSS was assessed by phone at week 6.

Probiotics

The study product, NVP-1703, is a mixture of 2 probiotic strains: B. longum IM55 (isolated from
the human gut microbiota) and L. plantarum IM76 (isolated from Korean kimchi). NVP-1703
contains a 1 x 10'° CFU live bacterial mixture of 2 g per sachet, and the placebo product contains
2 g of maltodextrin per sachet. Both products have identical appearances, are indistinguishable,
and were produced at a Good Manufacturing Practice-certified facility. All participants orally
consumed one sachet of the product per day.

Clinical efficacy evaluation

TNSS and NSDS

The primary outcome was the TNSS, defined as the sum of 4 nasal symptoms: rhinorrhea,
nasal obstruction, sneezing, and nasal itching. Each symptom was evaluated on a 4-point
scale (0, no symptoms; 1, mild symptoms; 2, moderate symptoms; and 3, severe symptoms)
for a total of 0-12 points. All the participants recorded their symptom scores in a diary twice
daily (morning and evening). The NSDS for the 4 nasal symptoms were similarly recorded.
Each duration was assessed on a 4-point scale (0: none, 1: < 30 minutes, 2: between 30
minutes and 2 hours, and 3: > 2 hours). Baseline data were defined as the average daily scores
in the morning, evening, or the sum of the morning and evening scores during the run-in
period. Changes from the baseline to each week were analyzed.

QoL

The QoL-KCAR was administered to the participants. It consisted of 10 questions, including
mouth breathing, itchy nose, rubbing nose, stuffy/blocked nose, rubbing eyes, sneezing,
runny nose, blowing nose, taking medicine, and thirst. Each symptom was rated on a five-
point scale (04 points).

Laboratory tests

Serum immunological biomarkers such as IL-4, IL-5, IL-13, IL-10, and IFN-y were measured
using a high-sensitivity T-cell magnetic bead panel kit for human samples (Millipore Sigma,
Burlington, MA, USA) and a Luminex LX200 instrument (Thermo Fisher Scientific) before
and 4 weeks after the administration of either product. IL-17 and IL-22 were measured
using an immunoassay kit (R&D Systems, Minneapolis, MN, USA). Serum Dermatophagoides
pteronyssinus (Dp)- and Dermatophagoides farinae (Df )-specific IgE levels were measured using
ImmunoCAP (Thermo Fisher Scientific).

https://doi.org/10.3346/jkms.2024.39.e266 3/12
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Statistical analysis

All clinical data were analyzed using SAS (version 9.4; SAS Institute, Cary, NC, USA). Baseline
characteristics were compared between the 2 groups using the ? test or Fisher’s exact test

for categorical variables and the 2-sample t-test for continuous variables. An analysis of
covariance (ANCOVA), adjusted for baseline, baseline IL-22, and IgE (Dp), was performed

to compare changes in TNSS, NSDS, QoL-KCAR, and serum cytokine levels between the
groups. A paired r-test was performed for within-group analysis. The TNSS and NSDS were
analyzed on a weekly basis, and QoL-KCAR was analyzed for each visit. Serum biomarkers
were compared before and after ingestion. If the values were non-normally distributed, the
Wilcoxon rank-sum test was used. Statistical significance was set at P < 0.05.

Ethics statement

All participants agreed to take part in the study, and their parents (or legal guardians) signed
an informed consent form before the initiation of the study. This study was approved by the
Institutional Review Board of Seoul National University Hospital (No. H-1707117-873) and
Ajou University Hospital (No. AJIRB-MED-FOD-17-469). The study was registered with the
Clinical Research Information Service, Korea (No. KCT0002661).

RESULTS

Participant characteristics

After screening 115 participants, 81 were enrolled in the study. Of these, 41 received NVP-1703
probiotics, and 40 received a placebo. Sixty-eight participants (NVP-1703 group: 36; placebo
group: 32) completed the study per the protocol and were analyzed (Fig. 1). There were no
significant differences in baseline characteristics, including age, sex, duration of AR, or

| Assessed for eligibility (N = 115) |

Excluded (n = 34)
Enrollment . . Lo
- Not meet inclusion criteria (n = 34)

| Randomized (n = 81) |

|
v y

Kz

Allocated to intervention (n = 41) Allocated to intervention (n = 40)
- Received allocated intervention (n = 41) - Received allocated intervention (n = 40)

v v

Discontinued intervention (n = 8)
- Not meet inclusion/exclusion criteria (n = 2)
- Prohibited drug taking (n = 5)
- Withdrew consent (n = 1)

v v

Analyzed (n = 36)
Analysis - Excluded from analysis (n =1) Analyzed (n = 32)
- Low medication adherence (n =1)

Allocation

Discontinued intervention (n = 4)
Follow-up - Prohibited drug taking (n = 2)
- Withdrew consent (n = 2)

Fig. 1. NVP-1703 clinical trial flowchart.
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Table 1. Baseline characteristics of the clinical study participants

Characteristics Placebo (n = 32) NVP-1703 (n = 36) Pvalue

Age, yr 10.44 = 3.34 10.92 + 3.68 0.579%

Sex 0.117°
Female 10 (31.3) 18 (50.0)
Male 29 (68.8) 18 (50.0)

BMI, kg/m? 19.61 = 4.05 20.52 = 3.69 0.3372

Duration of allergic rhinitis, mon 72.69 + 32.30 68.08 + 40.70 0.610°

Family history of allergic disease 0.203°
Yes 31(96.9) 31(86.1)
No 1(3.1) 5(13.9)

Sensitization to major inhalant allergens
Dermatophagoides pteronyssinus 22 (68.8) 26 (72.2) 0.754°
Dermatophagoides farinae 24 (75.0) 27 (75.0) 1.000°
Alternaria 5(15.6) 2 (5.6) 0.241°
Aspergillus 1(3.1) 2(5.6) 1.000°
Cat fur 6(18.8) 11 (30.6) 0.262°
Dog hair 1(3.1) 7 (19.4) 0.058°
Cockroach 2 (6.3) 3(8.3) 1.000°
Alder 4(12.5) 8(22.9) 0.353¢
Ragweed 1(3.1) 5(13.9) 0.203°
Birch 6(18.8) 7 (19.4) 0.9492°
Japanese hop 4(12.5) 3(8.3) 0.699°
Mugwort 5(15.6) 8(22.9) 0.490°
0ak 6(18.8) 7 (19.4) 0.9492°

Values are expressed as mean + standard deviation or number (%o).
BMI = body mass index.
P value using ®independent t-test, ®? test, and °Fisher’s exact test between 2 groups.

family history of AR, between the 2 groups (Table 1). There was also no significant difference
between groups in response to the allergens as measured by the SPT, immune CAP, and
inhalant MAST.

TNSS and NSDS

After 4 weeks of treatment, the TNSS in the NVP-1703 group in the morning (AM) significantly
decreased compared to those in the placebo group (-1.90 +2.07 vs -1.02 + 2.62,

P=0.031, Table 2, Supplementary Fig. 1A). For the evening (PM), TNSS were significantly
reduced in the NVP-1703 group after 2 and 4 weeks of treatment than in the placebo group
(-1.70 +1.72 vs. -0.78 £1.49, P=0.017 and -2.17 + 2.14 vs. —0.88 £ 2.22, P=0.004,

respectively; Supplementary Fig. 1A). The sum of the morning and evening (AM + PM) TNSS
was significantly improved after 2 and 4 weeks of treatment in the NVP-1703 group (-2.99
+3.46vs. -1.45 £3.11, P= 0.043 and -4.07 £ 4.05 vs. -1.90 * 4.64, P=0.011, respectively;
Supplementary Fig. 1B). Likewise, the NSDS significantly decreased after 4 weeks of
treatment in the NVP-1703 group compared to the placebo group in the morning and evening
(-1.94 £1.97 vs. -0.60 £ 2.29, P=0.023 and -1.97 + 2.05 vs. -0.65 * 2.18, P=0.019, respectively;
Supplementary Fig. 2). The sum of the morning and evening duration scores was significantly
reduced in the NVP-1703 group at 4 weeks (-3.91 + 3.91 vs. -1.25 + 4.35, P= 0.018; Table 2).
The improvement in nasal itching and sneezing duration score in the evening NSDS was
maintained for 2 weeks after product administration in the NVP-1703 group compared with

the placebo group (Supplementary Fig. 3). The improvement in the daily evening TNSS was
significantly greater in the NVP-1703 group than in the placebo group from day 9 to 4 weeks
(Fig. 2A). Among the TNSS subscales, the rhinorrhea symptom score significantly decreased
in the NVP-1703 group every week after probiotic intake compared with that in the placebo
group. The changes in the nasal itching score in the NVP-1703 group were significantly greater
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Table 2. Changes in TNSS and NSDS during the study period

Variables Placebo (n = 32) NVP-1703 (n = 36)
Baseline Week 2 Week 4 Week 6 Baseline Week 2 Week 4 Week 6
(after 2 weeks) (after 2 weeks)
TNSS
AM 5.59+2.07 4,92 +1.91 4.64 £ 2.52 5.55+2.11 4.27 +1.74 3.65+1.69
Change from baseline -0.67+2.01 -1.02+2.62 -1.28+1.87 -1.90+ 2.07
P value® 0.9412 0.141 0.031"
PM 5.49+1.95 4.72+2.16 4.70+ 2.55 5.13+3.05 5.58+2.27 3.88+1.71 3.41+1.76 4.25+2.42
Change from baseline -0.78+1.49 -0.88+2.22 -0.37+2.82 -1.70+1.72 -2.17+2.14 -1.33+2.78
P value® 0.849° 0.017" 0.004™ 0.088
AM + PM 11.08 = 3.83 9.63 + 3.83 9.34+5.02 11.13 £ 4.25 8.15+ 3.28 7.07 + 3.32
Change from baseline -1.45+3.11 -1.90=4.64 -2.99+3.46 -4.07+4.05
P value® 0.959* 0.043" 0.011"
NSDS
AM 5.24+2.13 4.85+2.14 4,72 +2.53 5.72 £ 2.07 4.51+2.15 3.79 £ 1.97
Change from baseline -0.39+1.67 -0.60+2.29 -1.21+1.65 -1.94+1.97
P value® 0.346% 0.149 0.023"
PM 5.36+2.10 4.63 +2.39 4.80+ 2.58 5.03 +£ 2.96 5.60+ 2.21 4.18 + 2.04 3.63+2.21 4.17 +2.17
Change from baseline -0.73+1.49 -0.65+2.18 -0.33+2.75 -1.42+1.49 -1.97+2.05 -1.43+2.10
P value® 0.644* 0.129 0.019" 0.055
AM + PM 10.59 £ 4.14 9.48 £ 4.31 9.52 + 5.06 11.32 £ 4.20 8.69+4.12 7.41 = 4.09
Change from baseline -1.12+2.87 -1.25+4.35 -2.63+3.02 -3.91+3.91
P value® 0.475% 0.110 0.018"

Data are expressed as mean = standard deviation for TNSS and NSDS.

TNSS = total nasal symptom score, NSDS = nasal symptom duration score, AM = morning, PM = evening, IL = interleukin, Ig = immunoglobulin.

2pvalue for a 2-sample t-test or Wilcoxon rank-sum test between 2 groups. °P value using analysis of covariance adjusted for baseline, the baseline of IL-22, and
IgE Dermatophagoides pteronyssinus between 2 groups.

*P<0.05, P <0.01.

https://jkms.org

than those in the placebo group at 4 weeks (Fig. 2B). The rhinorrhea duration score also
significantly improved in the NVP-1703 group at 2, 3, and 4 weeks compared to that in the
placebo group (Fig. 2C).

QoL-KCAR

The QoL-KCAR score showed a significant decrease in the NVP-1703 group compared to the
placebo group at 4 weeks after treatment (P = 0.047). Among the subscales, mouth breathing
and itchy nose scores were significantly reduced in the NVP-1703 group compared to the
placebo group at 4 weeks (P < 0.05). We also observed a trend toward improvement in other
subscales in the NVP-1703 group compared with the placebo group (Fig. 3).

Serum biomarkers

Serum IL-22 concentration significantly increased in the NVP-1703 group but not in the
placebo group (P=0.0293; Fig. 4A). However, no significant differences were observed
between the 2 groups (Supplementary Table 1). The ratios of Th2 cytokines, including those
of IL-4/IL-22 and IL-5/IL-22, were significantly reduced in the NVP-1703 group (Supplementary
Table 2). For the anti-inflammatory cytokine IL-10, the IL-4/IL-10 ratio significantly decreased
in the NVP-1703 group, but there was no significant difference between the 2 groups (Fig. 4B).
There were no significant differences in serum Dp-specific IgE, Df-specific IgE, eosinophil
count, and eotaxin levels between the 2 groups (Supplementary Table 3).

Safety and compliance

At Visits 3 and 4, there were 4 cases of adverse events in the NVP-1703 group (7.32%; anal
incontinence, constipation, and urticaria in 3 patients) and 7 cases in the control group
(10.00%; conjunctivitis allergy, abdominal pain, diarrhea, rhinitis allergy, and urticaria in

https://doi.org/10.3346/jkms.2024.39.e266 6/12
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Fig. 2. Effect of NVP-1703 on AR symptoms and duration. Effect of NVP-1703 on (A) daily TNSS, (B) weekly AR symptom scores, and (C) AR symptom duration
scores. Scores are shown as mean change from the baseline for the TNSS and subscale score of TNSS or NSDS during the study period. Data are expressed as
mean = standard error of the mean.

TNSS = total nasal symptom score, AR = allergic rhinitis, NSDS = nasal symptom duration score.

"P< 0.05, ""P< 0.01, ""P< 0.001.

7 patients). One participant in the placebo group dropped out owing to adverse reactions,
and all adverse reactions were completely cured. In addition, there were no significant
differences between the groups in the clinical laboratory tests conducted at Visits 2 and 4.
In the compliance evaluation conducted at Visits 3 and 4, the mean compliance of the NVP-
1703 group was 96.14 + 6.23%, and that of the placebo group was 95.38 + 8.18%, with no
significant difference between groups.
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Fig. 4. Effects of NVP-1703 on blood levels of I1L-22, cytokines/IL-22, IL-10, and cytokines/IL-10. Effect of NVP-1703 on blood levels of IL-22, IL-10, and associated
cytokine ratios. (A) Effect of NVP-1703 on blood levels of IL-22 and associated cytokine ratios, (B) Effect of NVP-1703 on blood levels of IL-10 and associated

cytokine ratios.
IL = interleukin, IFN = interferon.
P <0.05.
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DISCUSSION

We conducted a double-blind, randomized, placebo-controlled trial to evaluate the therapeutic
effects of NVP-1703 in children aged 619 years. The change in TNSS and NSDS significantly
decreased in the NVP-1703 group compared to the placebo group at week 4; therefore, the
primary outcome was fulfilled. Furthermore, QoL-KCAR improved in the NVP-1703 group
compared to the placebo group at week 4. In terms of immunological biomarkers, serum

IL-22 significantly increased, and the IL-4/IL-10, IL-4/IL-22, and IL-5/IL-22 ratios significantly
decreased in the NVP-1703 group, although there were no significant differences compared to
the placebo group.

Probiotics contribute to the regulation of allergic inflammation through various mechanisms
and exert preventive and/or therapeutic effects on respiratory allergic diseases, including
AR.510,12,18 Tn most studies, the primary outcome is the improvement in clinical symptoms
from baseline to the final visit. However, whereas most studies reporting improvement of AR
symptoms with probiotics mention total symptom scores, we tried to analyze the changes

in each component of the TNSS, specifically rhinorrhea, nasal obstruction, sneezing, and
nasal itching. We showed that NVP-1703 was particularly effective in improving rhinorrhea
and nasal itching symptoms. One potential reason for the improvement in histamine-related
symptoms is the mechanism of probiotic strains, which modulate the immune system by
balancing Th1/Th2 and reducing histamine release from mast cells. This may have led to
more noticeable improvements in these symptoms. Additionally, a longer period of probiotic
administration might be necessary to see significant improvements in nasal congestion,
which warrants further research exploring the optimal strain, dose, and duration of probiotic
treatment in pediatric AR. Compared with several studies on the effect of probiotics in
pediatric AR with a 12-week administration period, we showed that symptoms significantly
improved after a relatively short treatment period of 4 weeks.19-21 This effect of NVP-1703

was similarly reported in adult AR patients, showing a fairly rapid clinical response to this
probiotic mixture. The improvement in evening symptoms was observed at 2 weeks, while
morning symptom improvement was noted at 4 weeks in this study. Rhinitis symptoms are
often more severe in the evening due to factors like parasympathetic activity, cortisol levels,
and reduced airflow related to body position. This could explain why evening symptoms
improved earlier. To further elucidate the mechanisms behind the difference in the timing
of diurnal symptom improvement, additional research on various factors contributing to
symptom exacerbation may be necessary.

Several individual immunologic markers such as eosinophil, IL-4, IL-5, IFN-y, IL-10, IL-13,
and transforming growth factor (TGF)-p have been proposed as mechanisms related to

the therapeutic effect of probiotics on AR.20,22,23 Along with AR symptom improvement,
reduced levels of Th2 cytokines and increased levels of IL-10 and IFN-y are generally
observed, with insufficient results for TGF-. In our study, serum IL-22 levels were
significantly increased in the NVP-1703 group but not in the placebo group. IL-22 belongs to
the IL-10 family, originally named the IL-10-related T-cell-derived inducible factor, and is a
homeostatic cytokine that preserves the integrity of the skin, airways, and gastrointestinal
system. Dysregulation of IL-22 may play a role in various immune-mediated inflammatory
diseases, including psoriasis and inflammatory bowel diseases,24:25 but the role of IL-22

in allergic diseases remains unclear. The tissue-protective role of IL-22 in the early stages
of asthma and atopic eczema has been reported26,.27; however, it exhibits both pro- and
anti-inflammatory properties.28 Tang et al.29 reported that AR severity correlates with IL-22
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level, which is, to some extent, contradictory to the results of our study. However, the latest

research is lacking; therefore, further clarification is needed regarding the mechanistic role

of IL-22 in AR. The reduction in the IL-4/IL-10 ratio in the NVP-1703 group is consistent with
other previous studies.14,20,30

Oral administration of NVP-1703 for 4 weeks significantly improved the QoL scores compared
to our placebo group. Probiotic treatment improves QoL in adults with AR31,32; however,
there are relatively few studies involving QoL in children and adolescents with AR. Miraglia
Del Giudice et al.2! reported that a Bifidobacterium mixture significantly improved QoL in
children with pollen-induced AR and intermittent asthma and, in a study investigating the
effect of Lactobacillus johnsonii, QoL improved in both the study and placebo groups, with no
significant difference between groups.20

This study has several limitations. The intestinal microbial environment is influenced by
various factors, such as dietary patterns, in addition to probiotic administration, and it

was not possible to control completely these factors in this study targeting children and
adolescents. Efforts have been made to minimize these effects by limiting the intake of
supplements other than the study product, fermented milk, and typical lactic acid-containing
foods. In addition, medications such as antihistamines and systemic steroids were strictly
restricted to evaluate objectively the effect of the study product.

In conclusion, NVP-1703, a mixture of B. longum and L. plantarum, significantly improved AR
symptoms and QoL in children with perennial AR in a 4-week, double-blind, randomized,
placebo-controlled trial. Improvement in clinical symptoms was related to increased IL-22
levels and decreased IL-4/IL-10 and IL-4/IL-22 ratios. No significant differences in the various
safety parameters were found between the 2 groups.

SUPPLEMENTARY MATERIALS

Supplementary Data 1
Sample size determination

Supplementary Data 2
Randomization

Supplementary Data 3
Losses and exclusions after randomization

Supplementary Data 4
Protocol access and the periods of recruitment and follow-up

Supplementary Table 1
Effects of NVP-1703 on blood levels of pro-inflammatory and anti-inflammatory cytokines

Supplementary Table 2

Effects of NVP-1703 on blood levels of the ratio of pro-inflammatory to anti-inflammatory
cytokines
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