
Delivered by Ingenta to: Guest User  IP: 91.200.81.172 On: Wed, 06 Jul 2016 06:43:59
Copyright (c) Oceanside Publications, Inc. All rights reserved.

For permission to copy go to https://www.oceansidepubl.com/permission.htm

A bacterial extract of OM-85 Broncho-Vaxom prevents
allergic rhinitis in mice

Ling Han, M.D., Chao-Pan Zheng, M.D., Ph.D., Yue-Qi Sun, M.D., Ph.D., Geng Xu, M.D., Ph.D.,
Weiping Wen, M.D., Ph.D., and Qing-Ling Fu, M.D., Ph.D.

ABSTRACT
Background: According to the hygiene hypothesis, bacterial infections during early life contribute to a reduced incidence of asthma in animals. However,

the effects of microbial products at a safe dose and within a rational time course on the prevention of allergic rhinitis (AR) have been inconclusive. This study
investigated the immunomodulatory effects of oral administration of a bacterial extract, OM-85 Broncho-Vaxom (BV), with a low dose and general time course,
which is currently used for respiratory infections in humans, on AR inflammation in mice.

Methods: We developed a mouse model of ovalbumin (OVA)-induced AR allergic inflammation in the nose mucosa of mice. Low doses of OM-85 BV were
orally administered for 3 months (long term) before sensitization. We evaluated nasal symptoms, pathology in the nose, inflammatory cells, and the levels of
T helper 1 (Th1)/Th2 cytokines in the nasal lavage fluids, and the serum levels of specific IgE and IgG1. We also observed enhanced effects of OM-85BV with
1 month (short term) of treatment.

Results: We found that long-term pretreatment with OM-85 BV protected the mice from the majority of allergy-specific symptoms; specifically, OM-85
BV suppressed nasal symptoms, inhibited eosinophil infiltration in the nose, inhibited inflammatory infiltrates and the Th2 response by reducing cytokines
(IL-4, IL-5, or IL-13) in the nasal lavage fluids, and reduced IgE and IgG1 levels. Furthermore, short-term treatment with OM-85 BV decreased the levels of
Th2 cytokines and IgE.

Conclusion: Taken together, our data suggested that OM-85 BV is a low-cost alternative candidate to prevent AR with simple oral administration.
(Am J Rhinol Allergy 28, 110–116, 2014; doi: 10.2500/ajra.2013.27.4021)

Allergic rhinitis (AR) and asthma are chronic, reversible allergic
airway diseases (AADs) that have become a significant global

public health concern.1,2 AADs negatively affect the quality of patient
lives and cause substantial medical and financial burdens.3,4 AADs result
from a complex interplay between several types of inflammatory cells,
inflammatory mediators, target cells, and transcription factors.5 A T
helper (Th) cell response skewed toward a Th2 cytokine/chemokine
pattern plays a dominant role in the pathogenesis of AADs.6–8 AR,
asthma, and chronic rhinosinusitis are linked via a common allergic
airway, a notion that encompasses commonalities in pathophysiology,
epidemiology, and treatment.9 AR is associated with asthma in 40% of
patients, whereas 80–95% of patients with allergic asthma also have
rhinitis.1 Thus, it is important to prevent and treat patients with only AR
symptoms such that it will not progress to asthma.

According to the hygiene hypothesis, which was first proposed by
D.P. Strachan in 1989,10 the increase in allergic disease in the indus-
trialized world can be explained by a decrease in infections during
childhood. Specific types of bacterial and viral infections during early
life direct the maturing immune system toward a Th1 profile, which
counterbalances the proallergic responses of Th2 cells.11 Inspired by
the hygiene hypothesis, many clinical trials using microbial products
for the prevention and therapy of asthma12 and respiratory infec-
tions13 have been performed. However, no clear data regarding the
effects of microbial products on AR were reported in clinical and

animal models. Furthermore, many of the clinical trials in asthma
have been negative, potentially because of the subcutaneous admin-
istration of the microbial products, insufficient doses, or short treat-
ment periods. Thus, a drug that can be delivered orally and can be
used safely with an appropriate dose and time course should be
considered a candidate in the prevention of allergic diseases.

Broncho-Vaxom (OM-85 BV) is an extract of eight different bacterial
species that are frequently responsible for respiratory infections.
OM-85 BV is a classic orally administered drug that is used to prevent
and/or reduce the severity of acute attacks of chronic bronchitis and
recurrent infections of the respiratory tract in both children and
adults.14,15 This bacterial extract acts as a macrophage activator and a
polyclonal B-lymphocyte stimulant, inducing the secretion of serum
IgG in mice.16 Furthermore, OM-85 BV stimulates peripheral blood
mononuclear cells, activates macrophages, accelerates T-cell matura-
tion, and results in an increased level of interferon (IFN) � production in
humans.17 In addition, OM-85 stimulates a Th1-enhancing response to
counterbalance the excessive Th2 response observed during asthmatic
inflammation.18,19 Pretreatment with OM-85 BV reduced asthma-asso-
ciated allergic airway inflammation via the recruitment of regulatory
T cells (Tregs) in mice and rats.20,21 However, the effect of OM-85 BV
on AR is still unclear. Furthermore, very large doses of OM-85 BV
were used in previous studies examining asthma.18,20,21 Thus, the
safety of these drugs at a lower or rational dose is an important factor
that must be considered, particularly in clinical therapy.

The time course of OM-85 BV to prevent respiratory infection was
at least 3 months in humans. In this study, we investigated the effects
of OM-85 BV for preventing allergic airway inflammation in a mouse
model of AR, using a similar time course (3 months) and doses
currently used and clinically tolerated by humans.

MATERIALS AND METHODS

Animals
Six-week-old female BALB/c mice were purchased from the exper-

imental animal center at Sun Yat-sen University. The mice were
maintained under specific pathogen-free conditions and were pro-
vided free access to sterile water and ovalbumin (OVA)-free food. All
experimental procedures were approved by the Institutional Animal
Care and Use Committee at Sun Yat-sen University (No. 2011-0401).
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Broncho-Vaxom (OM-85 BV)
Each BV capsule (OM PHARMA, Meyrin, Geneva, Switzerland)

contained 7 mg of lyophilized bacterial lysates of Haemophilus influ-
enzae, Diplococcus pneumoniae, Klebsiella pneumoniae, Klebsiella ozaenae,
Staphylococcus aureus, Streptococcus pyogenes, Streptococcus viridans, and
Neisseria catarrhalis.

OVA-Induced AR Inflammation in Mice and OM-85
BV Administration

The mice underwent three phases of inoculation, sensitization, and
challenge, as shown in Fig. 1. In the inoculation phase, either OM-85
BV dissolved in pyrogen-free phosphate-buffered saline (PBS; for the
study of immune stimulant) or PBS (for the unstimulated control) was
administered using a gastrogavage for 10 consecutive days, followed
by no treatment for the next 20 days. The 30-day treatment was
considered one course. The mice were treated for either three courses
(long-term model) or one course (short-term model).

The sensitization and challenge phases were performed as previ-
ously reported with minor modifications (Fig. 1).22,23 Briefly, some
mice were sensitized with 40 �g of OVA (grade V; Sigma-Aldrich, St.
Louis, MO) emulsified with 2 mg of aluminum hydroxide (Sigma-
Aldrich) in 200 �L of PBS or PBS alone injected intraperitoneally on
days 1, 3, 5, 7, 9, 11, and 13. Beginning on day 20, the mice were
challenged for 7 consecutive days with aerosolized 5% OVA or PBS
alone in a Plexiglas chamber using an air-compressing nebulizer
(403A; YUYUE, Danyang, Jiangsu, China) for 30 minutes and subse-
quently instilled with 20 �L of OVA (40 mg/mL) or PBS intranasally.

The mice were divided into four different groups according to the
different treatments of inoculation, sensitization, and challenge. One
group was further divided into two subgroups: short-term and long-
term inoculation groups. Further detailed information for each group
was as follows: (A) PBS/PBS/PBS mice, which were inoculated with
PBS, sensitized, and challenged with PBS (n � 4 for long-term group
and n � 4 for short-term group); (B) BV/PBS/PBS mice, which were
inoculated with OM-85 BV, sensitized, and challenged with PBS (n �
5 for long-term group and n � 4 for short-term group); (C) PBS/
OVA/OVA mice, which were inoculated with PBS, sensitized, and
challenged with OVA (n � 4, for long-term group and n � 4 for
short-term group); and (D) BV/OVA/OVA mice, which were inocu-
lated with OM-85 BV, sensitized, and challenged with OVA (n � 5 for
long-term group and n � 5 for short-term group).

Evaluation of Nasal Symptoms in Mice
Nasal symptoms were observed on the final day of challenge. The

frequencies of sneezing and nasal scratching were recorded for 10
minutes after the last challenge as previously reported.24

Measurements of Serum IgE and IgG1
Two days after the final challenge, the serum was collected and the

mouse was killed. The levels of OVA-specific IgE and IgG1 were
assayed using anti-OVA mouse-IgE/IgG1 ELISA kits (Shibayagi,
Shibukawa, Japan), according to the manufacturer’s instructions.

Evaluation of Inflammatory Cells and Cytokines in
the Nasal Lavage Fluid

Mice were killed after blood collection. The nasal lavage fluid
(NALF) was collected for the evaluation of inflammatory cells and
cytokines. Briefly, the nasal cavities of mice were lavaged with 1 mL
of cold PBS by inserting a 22G catheter into the nasopharyngeal
cavity, and NALF was collected from the nose. The NALF was cen-
trifuged at 3000 rpm for 10 minutes. Levels of IL-4, IL-5, IL-13, and
IFN-� in the supernatants were measured using sandwich ELISA
analysis according to the manufacturer’s instructions (R & D Systems,
Minneapolis, MN). The limits of detection were �1.5 pg/mL for
IL-13, �2 pg/mL for IL-4 and IFN-�, and �7 pg/mL for IL-5.

The cells in the pellet were quantified using a hemocytometer,
cytospun onto glass slides, and stained using Diff-Quick (BaSO Di-
agnostics, Inc., Taipei, Taiwan). A total of 300 cells per slide were
classified as eosinophils, macrophages, neutrophils, and lymphocytes
at 400� magnification, as previously reported.25

Evaluation of Nasal Histology
Noses were removed immediately after nasal lavage and fixed in

10% neutral buffered formalin for 36 hours. The noses were immersed
in 30% methanoic acid for 10 days for decalcification and then em-
bedded in paraffin. The prepared sections, which were 4-�m thick,
were stained with hematoxylin and eosin for nasal tissues.

The infiltration of eosinophils in the nasal septum mucosa was
analyzed by counting the number of eosinophils in the submucosal
area at a distance of 5 mm from the nasal vestibule (400� magnifi-
cation). A minimum of five sections per mouse were analyzed.

Statistical Analysis
The data are presented as the mean � SEM. A one-way analysis of

variance (ANOVA), followed by post hoc Newman-Keuls multiple
comparison tests, was performed for multiple comparisons between
different groups. Unpaired Student’s t-tests were used for compari-
sons between two groups. Data were analyzed statistically using
GraphPad Prism (Version 5.0; GraphPad Software, San Diego, CA),
and p � 0.05 was considered statistically significant.

Figure 1. Schematic diagram depicting the OM-85 Broncho-
Vaxom (BV) treatment procedure in a mouse model of allergic
rhinitis (AR) inflammation. The mice were divided into four
different groups according to different treatments of inoculation,
sensitization, and challenge. Each group included two sub-
groups with short-term and long-term inoculation. For the in-
oculation phase, OM-85 BV or phosphate-buffered saline (PBS)
was administered in a time course consisting of 10 consecutive
days of treatment and a 20-day no-treatment interval. The mice
were treated for three courses for the long-term model or one
course for the short-term model. For the sensitization phase, the
mice were sensitized on days 1, 3, 5, 7, 9, 11, and 13 by an
intraperitoneal injection of ovalbumin (OVA) with aluminum
hydroxide or PBS. For the challenge phase, the mice were chal-
lenged with aerosolized 5% OVA or PBS in a Plexiglas chamber
for 30 minutes and subsequently intranasally exposed to 20 �L
of OVA (40 mg/mL) or PBS each day from days 21 to 27.
Samples were collected on day 29.
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RESULTS

Pretreatment with OM-85 BV Suppresses Allergic
Nasal Symptoms

The frequencies of nasal scratching and sneezing for 10 minutes
after the final challenge were assessed in a mouse model of AR. The
frequencies were significantly higher in the PBS/OVA/OVA group

compared with the PBS/PBS/PBS group (p � 0.001; Fig. 2, A and B).
However, long-term inoculation (three courses) with OM-85 BV (the
BV/OVA/OVA group) significantly reduced the frequencies of
sneezing and nasal rubbing compared with the PBS/OVA/OVA
group (p � 0.001). However, short-term inoculation with one course
of OM-85 BV did not decrease nasal symptoms (Fig. 2). There was no
difference in the nasal symptoms between the BV/PBS/PBS mice and
the PBS/PBS/PBS mice. The frequencies of nasal scratching and

Figure 2. Oral administration of OM-85
Broncho-Vaxom (BV) suppressed nasal symp-
toms. (A) Sneezing symptom score. (B) Nasal
rubbing symptom score. 0.05; ***p � 0.001. ns,
No significance; PBS, phosphate-buffered sa-
line; OVA, ovalbumin.

Figure 3. Oral administration of OM-85 Broncho-Vaxom
(BV) attenuated ovalbumin (OVA)-induced airway inflam-
mation in the nose. Mice receiving the long-term OM-85 BV
treatment showed a significant reduction in eosinophil counts
in the nasal septum mucosa compared with phosphate-buff-
ered saline (PBS)/OVA/OVA mice. (A–C) Representative
photomicrographs of hematoxylin and eosin–stained nose sec-
tions from PBS/PBS/PBS, PBS/OVA/OVA, and BV/OVA/
OVA mice in long-term groups. (B) Note the significant
increase of eosinophil infiltrates in the nose (nose, hematox-
ylin and eosin, shown by arrows) in the PBS/OVA/OVA
group compared with the PBS/PBS/PBS group (original mag-
nification, �400). (D) Statistical analysis for the eosinophil
counts. The data are expressed as the mean � SEM (*p �
0.05; **p � 0.01). ns, No significance.
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sneezing in the BV/OVA/OVA group were higher than those in both
the BV/PBS/PBS and the PBS/PBS/PBS groups (p � 0.05 for the
long-term group and p � 0.001 for the short-term group).

Pretreatment with OM-85 BV Reduces OVA-
Induced Upper Airway Inflammation

We qualitatively and quantitatively evaluated the effect of inocu-
lation of OM-85 BV on the histopathology of the nose. Mice inocu-
lated with PBS and then challenged and sensitized with OVA (PBS/
OVA/OVA) exhibited obvious eosinophilic infiltration in the nasal
septum mucosa compared with PBS/PBS/PBS mice (p � 0.01 for the
long-term group and p � 0.05 for the short-term group; Fig. 3, A–D).
Long-term but not short-term treatment with OM-85 BV resulted in a
significant decrease in eosinophilic infiltration in the nose (p � 0.05).
Furthermore, no allergen-driven airway inflammation was found in
BV/PBS/PBS mice. The PBS/OVA/OVA groups with both long-term
and short-term inoculation had stronger eosinophilic infiltration com-
pared with the two control groups, PBS/PBS/PBS and BV/PBS/PBS
(p � 0.05). Representative images from the PBS/PBS/PBS, PBS/
OVA/OVA, and BV/OVA/OVA groups with long-term treatment
are shown in Fig. 3, A–C. These data indicate that treatment with
OM-85 BV using a similar 3-month course as in humans significantly
prevented AR inflammation, and the amount of exposure to OM-85
BV affected the development of allergic airway inflammation.

Pretreatment with OM-85 BV Reduces Inflammatory
Cells in the NALF

The number of total inflammatory cells and differential cell counts
for eosinophils, macrophages, neutrophils, and lymphocytes in NALF
were higher in PBS/OVA/OVA mice compared with PBS/PBS/PBS
mice (Fig. 4; p � 0.05 or p � 0.01). Long-term treatment with OM-85
BV significantly decreased the number of inflammatory cells and all
types of differentially counted cells in the NALF (Fig. 4; p � 0.05 or
p � 0.01). However, we did not find differences in the number of
inflammatory cells in the NALF after short-term pretreatment with
OM-85 BV. There was no difference in the cell profiles of NALF
between BV/PBS/PBS mice and PBS/PBS/PBS mice (p � 0.05). For

short-term inoculation, we observed a significant difference in the
total number of cells, eosinophils, macrophages, neutrophils, and
lymphocytes for short-term treatment between the BV/OVA/OVA,
PBS/PBS/PBS, and BV/PBS/PBS groups (p � 0.05 or p � 0.01). For
long-term inoculation, there was a significant difference in the total
number of cells between the BV/OVA/OVA, PBS/PBS/PBS, and
BV/PBS/PBS groups and in macrophages and neutrophils, between
the BV/OVA/OVA and BV/PBS/PBS groups (p � 0.05).

Pretreatment with OM-85 BV Decreases Circulating
OVA-Specific IgE and IgG1

A Th2-dependent immune response is characterized by increased
serum allergen-specific IgE and IgG1 production and is generally
recognized in AADs.26 As expected, we found a significant elevation
in the serum levels of both OVA-specific IgE and OVA-specific IgG1
in PBS/OVA/OVA mice (Fig. 5, A and B). Both long-term and short-
term treatment with OM-85 BV significantly decreased the levels of
specific IgE and IgG1 in serum (p � 0.001). Moreover, there was no
difference in the levels of both OVA-specific IgE and IgG1 between
BV/PBS/PBS and PBS/PBS/PBS. We observed a significant differ-
ence for IgE and IgG1 levels between BV/OVA/OVA and BV/PBS/
PBS and PBS/PBS/PBS for both long-term and short-term groups
(p � 0.05, 0.01, or 0.001). Our findings indicated that oral treatment
with OM-85 BV was responsible for down-regulating the Th2 re-
sponse in the allergic airway model.

Pretreatment with OM-85 BV Alters Cytokine Levels
in the NALF

The Th2 cytokines IL-4, IL-5, and IL-13 are involved in the patho-
genesis of airway allergic diseases and contribute to inflammatory cell
infiltration.27 We found high levels of IL-4, IL-5, and IL-13 in the
NALF in PBS/OVA/OVA mice (Fig. 6, A—C; p � 0.01 or 0.001).
However, long-term inoculation with OM-85 BV reduced the levels of
IL-4, IL-5, and IL-13 (p � 0.05 or 0.001) and increased IFN-� levels (a
Th1 cytokine; Fig. 6 D; p � 0.01) in the NALF. In addition, short-term
treatment with OM-85 BV reduced the levels of IL-5 in the NALF.
More importantly, we observed an increase in IFN-� levels in the

Figure 4. Oral administration of OM-85 Broncho-Vaxom (BV) inhibits inflammatory cell infiltration in the nasal lavage fluid (NALF). (A) Total cells; (B)
eosinophils; (C) macrophages; (D) neutrophils; (E) lymphocytes. The data are expressed as the mean � SEM. PBS, phosphate-buffered saline; OVA, ovalbumin
(*p � 0.05; **p � 0.01). ns, No significance.
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NALF with long-term but not short-term treatment with OM-85 BV in
BV/PBS/PBS mice. Exposure to OM-85 BV for 1 month may not be
sufficient to stimulate an increase in IFN-�. Furthermore, we observed
higher levels of IL-4, IL-5, and IL-13 in BV/OVA/OVA compared with
PBS/PBS/PBS and BV/PBS/PBS groups with short-term and long-
term inoculations (p � 0.05) and higher IFN-� levels in BV/OVA/
OVA compared with PBS/PBS/PBS with long-term inoculations
(p � 0.01). These findings indicated that OM-85 BV may stimulate
the Th1 response in healthy mice. These data showed that OM-85
BV reduces the levels of cytokines involved in Th2 responses in
allergic inflammation, particularly with long-term treatment.

DISCUSSION
In this study, we induced AR inflammation in the upper airways of

mice. We showed that long-term pretreatment with a low, clinically
equivalent dose of OM-85 BV significantly inhibited nasal eosinophilia,
decreased the levels of Th2 cytokines in the NALF, and decreased IgE
and IgG1 levels in serum. Furthermore, we found that short-term pre-
treatment with OM-85 BV showed partial effects on AR, including de-
creasing the levels of Th2 cytokines and OVA-specific IgE.

Experimental studies have shown that some types of microbes or
their products inhibit asthma inflammation by directly suppressing
local pulmonary Th2 cytokine responses28 and preventing asthma

pathology in animals.29,30 However, there have been no reports re-
garding the effects of microbes on AR in animals. Many clinical trials
using microbial products in asthma or atopic dermatitis were per-
formed within the last 50 years.31 However, only one study investi-
gated the effects of a bacterial stain on AR patients, and no differences
were found between the treatment and placebo groups.31 Further-
more, the effectiveness at preventing and treating allergic diseases by
many microbial products has been inconclusive.31 The discrepancies
in these results may be caused by differences in doses (large or small),
time courses (long or short), or methods of administration (oral or
subcutaneous).

To provide strong evidence for the beneficial effects of microbial
extracts and the most optimal doses and time courses for clinical
studies, systemic experiments testing the application of microbial
extracts in allergic diseases in animals are needed. Previous studies
have identified the effective inhibition of asthma in adult mice and
rats.18,20,21 However, in these studies, larger doses of OM-85 BV (1250
mg/mouse per kg per day20 or 400 mg/mouse or rat/kg per day18,21)
were used compared with the dose used in clinical therapy. The
safety of the drugs is an important factor that must be considered. In
this study, we examined the effects of OM-85 BV on AR inflammation
using a similar time course (3 months) and doses (87.45 mg/mouse
per kg per day) that are currently used clinically in humans. We

Figure 5. Oral administration of OM-85
Broncho-Vaxom (BV) decreases serum
ovalbumin (OVA)-specific IgE and IgG1.
(A) OVA-specific IgE and IgG1 from the
serum of mice after the different treat-
ments. The data are expressed as the
mean � SEM (*p � 0.05; **p � 0.01;
***p � 0.001). PBS, phosphate-buffered sa-
line.

Figure 6. Oral administration of OM-85 Broncho-Vaxom
(BV) rebalances the T helper 1 (Th1)/Th2 cytokines in the
nasal lavage fluid (NALF). The cytokine levels in the NALF
were measured using ELISA. The data are expressed as the
mean � SEM (*p � 0.05; **p � 0.01; ***p � 0.001). PBS,
phosphate-buffered saline; OVA, ovalbumin.
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found that long-term (three courses) pretreatment with OM-85 BV
significantly decreased Th2 cytokine responses and inhibited allergic
inflammation in the nose.

OM-85 BV significantly decreased circulating IgE and IgG1 levels.
Furthermore, we further found that short-term (one course) pretreat-
ment with OM-85 BV decreased the Th2 response and IgE and IgG1
levels but did not inhibit other inflammatory pathologies or reduce
nasal symptoms. Thus, our data suggested that OM-85 BV is an
alternative candidate to prevent AR at least in adulthood. Hygiene
hypothesis indicates that OM-85 BV would likely need to be admin-
istered in infants and children. Previous studies have shown that
OM-85 BV prevents wheezing attacks in preschool children.32 How-
ever, the appropriate dosages of OM-85 BV used in infants and
children of allergic disease should be further examined for future
studies. The different results from long-term and short-term protocols
suggest that the amount of exposure to OM-85 BV affects the subse-
quent developing immune response.

In addition, we found that short-term treatment with OM-85 BV
significantly decreased IL-5 levels in the NALF but not eosinophil
infiltration. This discrepancy may be caused by some chemotactic
molecules such as eotaxin. Furthermore, the different measurement
methods between ELISA and cell counting based on hematoxylin and
eosin staining may be a possibility for this discrepancy. In addition,
the small group numbers possibly explain why the decrease in eosin-
ophil infiltration did not reach statistical significance.

The mechanism underlying immunomodulation of allergic inflam-
mation via OM-85 BV treatment deserves further study. Bacterial
genomic DNA may provide immune activation and Th1 adjuvant
activity in mice.31 The fetal immune system appears constitutively
biased toward Th2 function. The relative deficiency in Th1 memory
generation can be partially corrected using potent Th1-selective ad-
juvants.33 We found that long-term OM-85 BV treatment up-regulated
IFN-� levels (Th1 response) in both normal and AR mice, which was
consistent with a previous study performed in neonatally immunized
rats.19 Th1 activation may prevent subsequent Th2 allergic inflamma-
tion. Moreover, previous studies found that large doses of OM-85 BV
prevented asthma via the recruitment of Tregs to the airways in mice20

and rats.21 Here, we found that a 3-month, low-dose OM-85 BV
treatment alone dramatically increased baseline IL-10 levels in the
bronchoalveolar and NALFs in naive animals (data not shown). Type
1 Tregs produce copious amounts of IL-10 and mediate immune
suppression via IL-10 activity. However, we found high levels of IL-10
in the bronchoalveolar lavage fluid and NALF of both the PBS/OVA/
OVA and the BV/OVA/OVA groups compared with the PBS/PBS/
PBS group (data not shown). Thus, the role of the high levels of IL-10
in the pathology of allergic airway inflammation or in the regulation
of OM-85 BV remains unclear. A recent study showed that microbial
exposure during early life induced asthma pathology by reducing the
mucosal accumulation of invariant natural killer T cells.34 Thus, ad-
ditional studies should be performed to examine the specific mecha-
nisms of OM-85 BV in preventing AADs.

Different methods were reported to successfully induce AR inflam-
mation in mice with different OVA dosages for sensitization, different
sensitization times, different challenge methods, and different sacri-
ficial time points, among others. In our study, we found that a
combination of nasal and nebulous challenges, but not nasal chal-
lenge alone, successfully induced AR inflammation in mice, which is
consistent with previous studies showing that AR inflammation
could be induced via a nebulous challenge.35,36 In addition, we also
observed the allergic inflammation in the mouse lung and showed
that OM-85 BV significantly inhibited inflammatory infiltration (data
not shown).

CONCLUSIONS
Currently, OM-85 BV is used clinically for patients with respiratory

infections with high safety and low side effects. We confirmed the

immunomodulatory effects of OM-85 BV on AR inflammation in a
mouse model using the same safe dose and time course as humans.
Our data suggested that OM-85 BV is a low-cost alternative candidate
drug to prevent AR with simple oral administration, good safety, and
few side effects.

REFERENCES
1. Bousquet J, Khaltaev N, Cruz AA, et al. Allergic Rhinitis and Its

Impact on Asthma (ARIA) 2008 update (in collaboration with the
World Health Organization, GA(2)LEN and AllerGen). Allergy
63(suppl 86):8–160, 2008.

2. Salib RJ, Drake-Lee A, and Howarth PH. Allergic rhinitis: Past,
present and the future. Clin Otolaryngol Allied Sci 28:291–303, 2003.

3. Quraishi SA, Davies MJ, and Craig TJ. Inflammatory responses in
allergic rhinitis: Traditional approaches and novel treatment strate-
gies. J Am Osteopath Assoc 104:S7–S15, 2004.

4. D’Alonzo GE Jr. Scope and impact of allergic rhinitis. J Am Osteopath
Assoc 102:S2–S6, 2002.

5. Barnes PJ. Pathophysiology of allergic inflammation. Immunol Rev
242:31–50, 2011.

6. Orihara K, Dil N, Anaparti V, and Moqbel R. What’s new in asthma
pathophysiology and immunopathology? Expert Rev Respir Med
4:605–629, 2010.

7. Nauta AJ, Engels F, Knippels LM, et al. Mechanisms of allergy and
asthma. Eur J Pharmacol 585:354–360, 2008.

8. Romagnani S. The role of lymphocytes in allergic disease. J Allergy
Clin Immunol 105:399–408, 2000.

9. Feng CH, Miller MD, and Simon RA. The united allergic airway:
Connections between allergic rhinitis, asthma, and chronic sinusitis.
Am J Rhinol Allergy 26:187–190, 2012.

10. Strachan DP. Hay fever, hygiene, and household size. BMJ 299:1259–
1260, 1989.

11. Yazdanbakhsh M, Kremsner PG, and van Ree R. Allergy, parasites,
and the hygiene hypothesis. Science 296:490–494, 2002.

12. Matricardi PM, Bjorksten B, Bonini S, et al. Microbial products in
allergy prevention and therapy. Allergy 58:461–471, 2003.

13. Fiocchi A, Omboni S, Mora R, et al. Efficacy and safety of ribosome-
component immune modulator for preventing recurrent respiratory
infections in socialized children. Allergy Asthma Proc 33:197–204,
2012.
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