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ARTICLE INFO ABSTRACT
Keywords: Objectives: The objective of this study was to evaluate the effects of allergic rhinitis (AR) on the development,
Otitis media progression, and recovery of acute otitis media (OM) in an animal model and investigate the secondary effects of

Allergic rhinitis
Haemophilus influenza
Mice

bacterial infection.

Methods: BALB/c mice were divided into four groups: AR + OM, AR, OM, and control groups. AR + OM and AR
groups were sensitized with ovalbumin (OVA) and alum and then challenged intranasally with OVA. Phosphate-
buffered saline (PBS) was administered to the OM and control groups the same number of times. After AR in-
duction, OM was induced by surgical inoculation of non-typeable Haemophilus influenza (NTHi) into the middle
ear (ME) cavity of the mice in the AR + OM and OM groups. PBS was injected into the bulla in the AR and control
groups. Each group was subdivided into sets of six mice, one for each of the four time points (0, 2, 7, and 10 days
post-bacterial inoculation), at which point the mice were euthanized and ME and nasal cavity mucosa were
obtained and evaluated. The occurrence of OM and the ME mucosa thickness were evaluated and compared
among the four groups. Tissue expression of interleukin (IL)-1p, IL-6, and tumor necrosis factor-o (TNF-a) in
infected ME mucosa was assessed by immunohistochemical staining. We also investigated IgE, IL-4, and IL-5 in
the nasal mucosa.

Results: Most of the ears showed OM on post-inoculation day 2 in both AR + OM and OM groups. In the AR + OM
group, 58.3% of ears still had OM on post-inoculation day 10, while only 16.7% of the OM group had OM. The
ME mucosa of all groups increased, and the AR + OM group exhibited the thickest mucosa. The OM group
showed peak thickness on post-inoculation day 2 and then decreased, whereas the ME mucosa thickness of the
AR + OM group continued to increase to day 7. In the OM group, the expression of IL-1f, IL-6, and TNF-a in the
ME also increased significantly, peaking on post-inoculation day 2, and then gradually decreased. In the AR +
OM group, the expression of these proteins increased until day 7 and then decreased. The IgE and Th2 response
(IL-4 and IL-5) cytokines were expressed at higher levels in the AR + OM and AR groups than in the OM and
control groups.

Conclusion: The inflammatory reaction to NTHi was more intense and lasted longer in the allergic group, which
indicates that AR affects the progression and subsequent recovery of acute bacterial OM.

1. Introduction mastoiditis, brain abscess, and meningitis can occur, and long-term
hearing loss and related complications, such as developmental disor-

Otitis media (OM) is one of the most common bacterial diseases ders of language, cognition, and learning ability, can produce a social
associated with childhood and contributes a great deal to health care burden [4-6]. Therefore, the proper diagnosis and treatment of acute
cost [1,2]. About 80% of children within 36 months report at least one OM is clinically and socially important. OM is known as a multifactorial
ear infection [3]. If not treated properly, complications such as disease. Eustachian tube dysfunction, nasal inflammation resulting from
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allergic rhinitis or upper respiratory infection as well as bacterial and
viral infection are acknowledged to be contributing factors [7-9]. Major
pathological findings of acute OM are hyperplasia and the trans-
formation of the middle ear (ME) mucosa [10-13]. The proliferative
response of ME mucosa following bacterial infection in the murine OM
has been extensively reported [14-18]. Normal uninfected ME mucosa is
a monolayer of simple squamous epithelium with a thickness of 15-20
pm. However, the mucosal thickness can increase to over 1000 pm in
response to bacterial infection, and within a few days the mucosa can
radically develop into a pseudostratified columnar epithelium contain-
ing secretory and ciliated cells [10-13,17,19]. These changes contribute
significantly to the pathogenesis and symptoms of OM through the
production of mucus and other bioactive secretions by various recruited
inflammatory cells, as well as by ME cavity volume reduction [17].

Allergic rhinitis (AR) affects 10-30% of children and adults in the US
and other industrialized countries and causes significant economic
burden [20,21]. AR is strongly associated and probably causally related
to Eustachian tube dysfunction, causing concomitant serous and acute
OM [8]. In many epidemiologic surveys of AR and OM, especially OM
with effusion, AR has been an important risk factor for OM with effusion
[22,23]. There was a 33.8% prevalence of AR in a group of OM patients,
which was significantly higher than the 16% prevalence in a control
group of children without OM with effusion [24]. However, the mech-
anism by which AR causes or aggravates OM with effusion, or whether
OM related to AR has a different reaction to bacterial infections with OM
related other etiologic factors, has not yet been fully understood. Several
possible mechanisms by which allergies could be responsible for OM
with effusion were suggested. First, inflammatory swelling of eustachian
tube related to inflammatory obstruction of the nose or aspiration of
bacteria-laden allergic nasopharyngeal secretions into the ME cavity
may result in OM with effusion [25]. The ME might function as a target
organ of allergic disease [25]. The level of type 2 helper T cell (Th2)
cytokines in ME effusion and mucosal biopsy was higher in patients with
AR than without AR [26-28]. In a murine study using an acute AR
model, the higher incidence of OM was observed in the AR group and the
type 1 helper T cell (Th1) and Th2 response cytokines were expressed at
higher levels in response to intratympanic lipopolysaccharide (LPS) in-
jection than in the control group [28-30].

Thus, AR can be considered as a factor that delays or worsens the
recovery of acute OM, and the process of turning to OM with effusion.
Most of the studies about AR and OM were epidemiologic studies and
focused on allergic casual effects on effusion. The mechanism of OM
with effusion related to AR, coexistent AR, and OM was not fully
elucidated. Little research about the effect of AR on development, pro-
gression, and recovery of acute OM has been reported before. There has
been no complex animal model of OM and AR, especially bacterially
induced OM by bacterial injection via bulla.

A complex AR and OM (AR + OM) murine model was generated
successfully by using ovalbumin (OVA) and Haemophilus influenzae. We
aimed to evaluate the effect of AR on development, progression, and
recovery of acute OM, and investigated the immunologic reactions to
bacterial infection using an in vivo AR + OM murine model.

2. Materials and methods
2.1. Animals

Ninety-six BALB/c mice (four-week-old male, average 15 g in
weight) were purchased from KOATECH (Gimpo, Korea) and bred in a
specific pathogen-free animal facility. Mice were divided into four
groups, with 24 mice in each group: (a) control group, mice were
sensitized, challenged, and inoculated with phosphate-buffered saline
(PBS); (b) AR group, mice were sensitized with ovalbumin (OVA) plus
Alum, challenged with 3% OVA, and inoculated with PBS, (c) OM group,
mice were sensitized with PBS, and then inoculated with non-typeable
Haemophilus influenzae 3655 strains (NTHi3655); (d) AR + OM group
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mice were sensitized with OVA plus Alum, challenged with 3% OVA,
and then inoculated with NTHi3655. Each group was subdivided into
sets of six mice (12 ears), one for each of the four time points (0, 2, 7, and
10 days post-bacterial inoculation), at which point the mice were
euthanized and ME and nasal cavity mucosa were obtained and evalu-
ated. The procedures for AR and OM induction of four groups are
summarized in Fig. 1.

The animal study protocol was approved by the Institutional Animal
Care and Use Committee of Dongguk University Ilsan Hospital.
(IACUC#2017-04164).

2.2. Allergic rhinitis induction for mouse model

Allergic rhinitis was induced in the AR and AR + OM groups.
Ovalbumin (OVA, Albumin from chicken egg white, St. Louis USA,
Sigma, #A5503), and Alum (Thermo Scientific, Imject® Alum, #77161,
Rockford, IL, USA; an aqueous solution of aluminum hydroxide 40 mg/
m¢ and magnesium hydroxide 40 mg/m¢) were used for AR induction.
The mice were sensitized by an intraperitoneal (IP) injection of 25 pg
OVA emulsified in 2 mg of Alum in a total volume of 200 p# phosphate-
buffered saline (PBS) on day 1, followed by a 7-day rest period.

After general sensitization, mice were locally challenged with 20 p#
of 3% OVA into each nasal cavity from day 14 to day 49 [29,31]. The
nasal challenge was conducted for five days in the first week and three
times per week for the next four weeks. Intranasal instillation was per-
formed in the head-down position, which was maintained for 30 s after
instillation to prevent pulmonary provocation and to make sure the
mouse was properly fixed at the head so that the injection site was
visible. After nasal infusion, bubbles form in the nasal cavity of mice.
The control and OM groups were intraperitoneally injected with PBS
instead of OVA on the same schedule (Fig. 1).

2.3. Confirmation of AR induction

Nasal symptom scores and mouse OVA-specific immunoglobulin E
(OVA-sIgE) in nasal mucosa were evaluated to confirm successful in-
duction of AR. After the last nasal challenge using 3% OVA, the fre-
quencies of sneezing and nasal rubbing were observed for 10 min and
recorded by blinded observer. Nasal symptom scores were counted after
nasal challenge with PBS in the control and OM groups.

Nasal mucosa were scraped with a surgical spatula after dividing the
nasal septum in half. Tissue Extraction Reagent I buffer (# FNN0071,
ThermoFisher Scientific, Vienna, Austria) and protease inhibitor (P-
2714, Sigma, St. Louis, USA) were used to prepare nasal mucosa pro-
teins. For determination of OVA-sIgE, interleukin (IL)-4, and IL-5 level in
the nasal mucosa, mouse OVA-sIgE ELISA Kit (#MBS764157, MyBio-
Science, MN, USA), IL-4 mouse ELISA kit (ab100710, abcam®, MA,
USA), and IL-5 mouse ELISA kit (ab100711, abcam®, MA, USA) were

used. Each extractive concentration was determined using
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Fig. 1. Experimental protocol for generating the murine model of allergic
rhinitis (AR), otitis media (OM), allergic rhinitis + otitis media (AR + OM).
Ovalbumin (OVA) was used to induce AR and a non-typeable Haemophilus
influenzae (NTHi) suspension was administered into the bullae to induce
acute OM.



C.G. Cho et al.

spectrophotometry (SpectraMax Plus 384, Molecular Devices, Sunny-
vale, CA, USA) at observance density 450 nm.

2.4. Otitis media induction in the AR mouse model

Acute bacterial OM was induced in the OM and AR + OM groups.
Non-typeable Haemophilus influenzae (NTHi) strains 3655 were colo-
nized with chocolate II Agar (#221169, GC II Agar with Hemoglobin
And IsoVitalex, USA) and inoculated into the middle ear cavity after
overnight growth in BHI culture (#B9500, Brain heart infusion broth,
Teknova, USA). OM was surgically induced by inoculation with a sus-
pension of NTHi 3655 into the ME cavities of the mice through the
tympanic bulla using a ventral surgical approach via an anterior neck
incision [18,32]. All surgeries were performed under anesthesia, and all
efforts were made to minimize the animals’ suffering. The bullae of the
mice were bilaterally injected with 10 pZ PBS containing 10° cells/m#
NTHi 3655. In the control and AR groups, PBS was inoculated into bulla
instead of NTHi on the same schedule. Before and after NTHi or PBS
inoculation, the tympanic membrane was visually confirmed to be intact
using a digital otomicroscope (#AM4113, Dino-Lite Digital Microscope,
ANMO Electronics Corporation, USA) and a 2.8 mm 30° endoscope. The
tympanic membranes of each group were observed on post-inoculation
day 0, 2, 7, and 10 to confirm the occurrence and progress of OM.

2.5. Evaluation of the middle ear mucosa thickness

The bullae were fixed in 4% neutral buffered formalin for 24 h,
decalcified overnight using a decalcifying solution (D0818, Sigma-
Aldrich, St. Louis, MO, USA). The tissue was embedded in paraffin and
sliced to a thickness of 4 pm on a microtome (RM2235, Leica®, Nus-
sloch, Germany). For the analysis of mucosal thickness, hematoxylin
(HHS32, Sigma-Aldrich) and eosin Y (E6003, Sigma-Aldrich; H&E)
stains were used on the prepared slides. After H&E staining, 200-fold
images were stored and analyzed using an optical microscope. ME mu-
cosa thickness analysis was performed by measuring three widths in a
photograph and then collecting the measurement widths for each group
to obtain an overall average.

2.6. Expression of cytokines and allergic factors in the middle ear mucosa

To determine the expression of proinflammatory cytokines and
allergic factors in ME mucosa, after all slides were deparaffinized, 3%
fetal bovine serum was applied. Antibodies for with interleukin (IL)-1p
(ORB228386, Biorbyt Ltd., CB4 OWY, UK), IL- 6 (ORB303667, Biorbyt
Ltd., CB4 OWY, UK), tumor necrosis factor (TNF)-a (ab6671, abcam®,
MA, US), IL-4 (ORB10908, Biorbyt Ltd., CB4 OWY, UK), and IL-5 (16-
7052-81, Thermo, MN, USA) were diluted at 1:100, reacted at 4 °C, and
then coupled with 3, 3’-diaminobenzidine (DAB; Code K3468, Dako
North America Inc., California, USA) for color development. We ob-
tained microscopic images and photographs of each slide at X400
magnification. All the detected antibodies were collected using Qwin V3
(Software Version6, Leica Microsystems Imaging Solutions Ltd, Cam-
bridge, UK) digital image processing and analysis software.

2.7. Statistical analysis

All data are presented as mean =+ standard error of the means (SEM).
The statistical analysis was performed using the Statistical Package for
the Social Sciences (SPSS) for Windows, Version 18.0. The criterion for
statistical significance was set at p < 0.05. Fisher’s exact test was used to
compare the occurrence of OM at each time point among groups. ME
mucosa thickness was analyzed by using one-way ANOVA with post-hoc
comparison among groups. Kruskal-Wallis tests were used to compare
differences in each of the proinflammatory cytokines (IL-1p, IL-6, and
TNF-a) and Th2 cytokine (IL-4 and IL-5) expression among groups, and
Mann-Whitney U tests were used to test for differences between two
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groups. A Mann-Whitney U test was used to evaluate nasal symptom
scores and IgE levels between the AR induction group (AR and AR + OM
groups) and the other groups (control and OM groups).

3. Results
3.1. Allergic rhinitis symptom scores and OVA-specific IgE expression

The number of nasal rubbings and sneezing was significantly higher
in the AR induction group (AR and AR + OM groups) than in the non-AR
groups (Control and OM groups; Fig. 2A; p < 0.001).

AR induction groups showed higher OVA-sIgE levels than non-AR
groups on day 0, 2, 7, and 10 (Fig. 2B; p < 0.001). The OVA-sIgE
expression was not different among the post-inoculation day 0, 2, and
day 7. However, the expression of OVA-sIgE on post-inoculation day 10
(98.2 £ 25.1 ng/m¢) showed significantly lower level than those of day
0 (148.5 + 27.2 ng/m¢), day 2 (177.4 £+ 23.9 ng/m¢) and day 7 (171.6
+ 35.3 ng/m¢), although this still significantly higher than non-AR
group (Fig. 3B).

3.2. Occurrence of otitis media

Middle ear effusion was observed in 10% of ears of the AR and AR +
OM groups after AR induction, just before the NTHi inoculation. All
mice in the other groups showed normal eardrums. After NTHi or PBS
inoculation into the bullae, the tympanic membrane was evaluated at
each time point. On post-inoculation day 2, most of the ears showed OM
in both AR + OM (100%) and OM groups (91.7%). Several ears in the AR
group (12.5%) and the control group (8.3%) also showed OM on day 2.
On post-inoculation day 7, OM was observed in 93.8% of the AR + OM
group and 43.8% of the OM group. On post-inoculation day 10, 56.3% of
AR + OM group still had OM, while only 18.8% of OM group had OM.
The occurrence of OM was significantly different among the four groups
on post-inoculation day 2, 7, and 10 (Fig. 3; p < 0.001, p < 0.001, and p
= 0.001, respectively). The AR + OM group showed higher OM occur-
rence than the OM group on the post-inoculation day 7 (p = 0.001) and
day 10 (p = 0.033) statistically (Fig. 3).

3.3. Middle ear mucosa thickness

The ME mucosa thickness before inoculation was 29.2 + 2.8 ym in
the AR group and 32.3 + 2.7 pm in the AR + OM group, and both were
thicker than those of the control group (14.7 £+ 1.4 pm) and OM group
(17.6 + 1.6 pm). The ME mucosa of all groups increased after NTHi or
PBS inoculation, and the AR 4+ OM group exhibited the thickest mucosa.
The mucosa thickness of the AR + OM group was significantly thicker
than the ME mucosa of the OM group on post-inoculation day 2 (219.2
+ 10.7 pm vs. 126.0 + 2.8 pm). The AR + OM group showed 281.1 +
16.9 pm, the thickest ME mucosa on post-inoculation day 7. The thick-
ness of the ME mucosa was 100.3 + 7.0 pm and 112.6 + 4.4 pm in the AR
and OM groups. The ME mucosa of the AR + OM group grew more than
that of the OM group at post-inoculation day 2, 7, and 10 (p < 0.001).
The OM group showed peak thickness on post-inoculation day 2 and
decreased gradually, whereas the ME mucosa thickness of the AR + OM
group increased until day 7 (Fig. 4).

3.4. Immunohistochemical staining analysis for IL-1p, IL-6, and TNF-a

Immunohistochemical staining showed that the proinflammatory
cytokine IL-1f detection area increased on day 7 (8.03 + 0.47%)
compared with day 2 (5.43 £+ 0.4%) in the AR + OM group, while it
decreased on day 7 (2.5 + 0.18%) compared with the day 2 (4.42 +
0.2%) in the OM group (Fig. 5A). This difference in the detection area
was statistically significant on days 7 (p < 0.001) and day 10 (p < 0.001)
The AR + OM group exhibited a statistically significant increase in
expression compared to the other groups on post-inoculation day 7 and
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Fig. 2. Symptom scores and expression of OVA-specific IgE in nasal mucosa. The number of nasal rubbings and sneezing (A) and OVA-specific IgE expression (B)
were all significantly higher in the AR induction groups (AR and AR + OM groups) than in the non-AR groups (control and OM groups). The mean + 1 SEM is shown;
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Fig. 3. Occurrence of OM. Most of the ears with bacterial administration show
OM on post-inoculation day 2. The AR + OM group showed higher OM
occurrence than the OM group on post-inoculation days 7 and 10. The mean + 1
SEM is shown; *, p < 0.05; **, p < 0.01, ***, p < 0.001.

10. The IL-6 expression area in the AR + OM group was significantly
higher compared to the other groups on post-inoculation days 7 (4.25 +
0.27%) and 10 (2.60 + 0.34%). The detection area of IL-6 in the AR +
OM group was significantly higher compared to the OM group on the
post-inoculation day 7 and 10 (p < 0.001; Fig. 5B). The TNF-a expres-
sion area was 4.26 + 0.36% in the AR + OM group and 3.52 + 0.39% in

Day 0

Day 2

the OM group on post-inoculation day 2. TNF-a expression decreased
after day 2 in the OM group (2.19 + 0.12%), but increased more in the
AR + OM group (5.14 + 0.34%) on post-inoculation day 7; difference
was significant (p < 0.001; Fig. 5C). Expression of IL-1p, IL-6, and TNF-a
exhibited a similar pattern with changes in mucosa thickness in four
groups.

3.5. Expression of IL-4 and IL-5 in the nasal mucosa

IL-4 expression levels were higher in the AR induction group (AR and
AR + OM groups) than in the non-AR groups (control and OM group) on
day O (p < 0.001) and on post-inoculation days 2 (p = 0.005), 7 (p =
0.004), and 10 (p = 0.027; Fig. 6A). On post-inoculation day 2, IL-4
expression in the nasal mucosa tended to increase in all groups,
although the change was not significant. Higher IL-5 expression was also
observed in the AR induction groups than the non-AR groups on day
0 (after AR induction, p = 0.001) and on post-inoculation days 2 (p =
0.003), 7 (p = 0.002), and 10 (p = 0.008; Fig. 6B).

4. Discussion

In this study, we evaluated the effects of AR on acute OM, focusing on
the period needed for OM recovery after bacterial infection and the
proliferative response of ME mucosa, which is the major pathology in
OM. Most of the ears showed OM in both AR + OM and OM groups.
Seven days after NTHi infection, nearly half of the OM group showed
normal TM, while AR + OM mouse mostly still exhibited OM on tym-
panic membrane evaluation. More than half (58.3%) of the AR + OM

Day 7

Day 10 Fig. 4. Measured middle ear (ME) mucosa
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OM and control groups. The mean + 1 SEM is shown.

group still had OM by post-NTHi inoculation day 10, while only 16.7%
of OM group had OM in OM group. The ME mucosa of all groups
increased, and the ME mucosa of the AR + OM group was significantly
thicker than that of the other groups. The OM group showed peak
thickness on post-inoculation day 2 and thereafter a decrease, whereas
the ME mucosa thickness of the AR + OM group continued to increase to
day 7. The expression of proinflammatory cytokines (IL-13, IL-6, and

TNF-a) in the ME also showed similar patterns to that of the ME mucosa
thickness. In the AR + OM group, the expression of cytokines increased
until day 7 and then decreased. In this group, a higher maximum value
was exhibited than in the OM group, which showed a peak on day 2 and
then a gradual recovery. The inflammatory reaction to NTHi was more
intense and lasted longer in the allergic group.

We observed the most proliferative mucosal response and
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inflammatory changes two days after bacterial inoculation in earlier
studies with the NTHi-induced OM rat model [18,32]. The expression of
proinflammatory cytokines as well as mucosal thickness showed peaks
by day 2 and decreased gradually, normalizing 7-10 days after infection
[18,32]. In this study with a mouse model, the OM group showed
consistent results with previously reported research. Mucosal thickness
and detection area of IL-1f, IL-6, and TNF-a were also increased in the
PBS-injected control and AR groups, as well as the OM and AR + OM
groups, compared to that on day 0 (Figs. 4 and 5). NTHi or PBS inocu-
lation was performed surgically. We considered that surgical dissection
to approach the ME cavity (bullae) and bony bulla wall breaks by
injecting PBS might have induced subsequent inflammation of adjacent
mucosa and soft tissue around the bulla opening sites, even in the con-
trol group and AR group and, consequently, an increase in the expres-
sions of inflammatory cytokines. However, differences was clear in the
elevation of cytokine level were observed between the NTHi-injected
and PBS-injected groups.

When only AR was induced before NTHi inoculation into the bulla,
ME effusion already occurred in about 10% of ears. These may result
from the eustachian tube dysfunction caused by AR. Kim et al. reported
that OM with effusion was observed in 75% of the allergic animals [33].
There is a discrepancy between our findings and those from the previous
study. The previous study only evaluated a few ears (eight ears) and used
an acute AR model (only one week of nasal OVA challenge) [33],
whereas this study used a chronic AR model with a five-week nasal
challenge for stable AR induction during a long experiment time.
Possible mechanisms by which AR could be responsible for the occur-
rence of OM with effusion have been previously suggested [25]. The first
conceivable cause is that inflammatory swelling or obstruction of the
eustachian tube creates negative pressure in the ME cavity and causes
OM with effusion. Aspiration of bacteria-laden allergic nasopharyngeal
secretions into the ME cavity could also be a cause. It has also been
suggested that the ME can function as a “shock organ” of allergy 25; this
is an interesting hypothesis for clinicians to test. If so, such cases of OM
can be handled in a different way from the traditional observation or
treatment, and more aggressive allergic control can be used. Several
studies have reported increased Th2 cytokine levels in ME effusions and
mucosa [26-28,34]. Serum Ig E levels showed a significant correlation
with the Ig E levels of ME secretion in patients with acute/chronic
suppurative OM [35]. Other studies demonstrated higher IL-4 and eo-
sinophils in ME effusion of atopic patients with OM than non-atopic
patients with OM. Higher IL-4 levels were observed in the ME effusion
of AR patients than in non-AR subjects in a human study [28]. Other
authors have also suggested that Th2 cytokines such as IL-4 may be
related to the pathogenesis of OM with effusion in AR patients, whereas
Thl cytokines potentially are related in OM patients unrelated to al-
lergies [36].

In this regard, this study evaluated IL-4 and IL-5 levels in the ME
mucosa of all four groups, although our study induced additional bac-
terial infection on allergies and was not suitable to observe the effects of
allergies alone. IL-4 and IL-5 expression in the ME mucosa of AR and AR
+ OM groups tended to be higher than those in the control and OM
groups; however, the measured amount of cytokines in ME was too small
to compare the difference statistically.

To determine whether bacterial infection itself affects AR, the
changes in IL-4 and IL-5 expression in the nasal mucosa, which are
associated with allergies, were evaluated (Fig. 6). The results of this
study were inconclusive. Levels of expression were higher in the AR
induction group (AR and AR + OM groups) than in the non-AR groups.
IL-4 expression tended to increase in all groups on post-inoculation day
2; however, there was no statistical difference after bacterial infection.
Elevation was also observed even in PBS-injected groups (control and
AR groups). IL-5 expression showed no statistical difference among days
after NTHi inoculation.

There were several limitations in interpreting this study. As
mentioned before, this study used a chronic AR model for stable AR
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induction. AR induction groups (AR and AR + OM group) showed higher
OVA-sIgE levels than non-AR groups for all experimental periods.
However, mice sacrificed on day 10 showed significantly lower OVA
sIgE than subjects evaluated on days 2 and 7 (Fig. 2). These differences
may affect the results. The present study only focused on acute OM with
comorbid AR. OM with effusion in AR patients may be related to
infection initially; however, the majority may not be related to bacterial
infection, and they may have different mechanisms. Thus, our results
cannot apply all the cases of OM subjects with AR. To elucidate OM
development and recovery in AR subjects, further studies investigating
the role of allergy and eustachian tube dysfunction in OM are needed.
This study induced AR locally (intranasal OVA challenge), though sys-
temic sensitization with OVA was performed initially. Serum levels of
the Th1 and Th2 cytokine were not investigated in the AR + OM com-
plex model. It will be interesting to study whether regeneration in the
progression and recovery of acute OM can be mediated via local or
systemic mechanisms.

Despite these limitations, these results are meaningful because
experimental studies on the relationship between AR and bacterial OM
are rare. Most previous studies about AR and OM (majority was OM with
effusion) were epidemiologic studies and focused on allergic casual ef-
fects on effusion. Little research about the effect of AR on development,
progression, and recovery of acute OM has been reported before. Some
insights have been made into the pathophysiological changes underlying
this association. The results of this study showed a significant associa-
tion between AR and bacterial OM and could provide data that support
the hypothesis that AR could influence the progression and recovery of
acute OM caused by bacterial infection histopathologically. In addition,
the AR + OM combined mouse model, which was technically difficult
for experimenters, was successfully generated. In particular, this is the
first AR + OM model applying transbulla bacterial inoculation, which is
a more typically physiological route for OM infection, rather than
injecting the bacteria through the eardrum simply. This animal model
may help to serve as a basic model for immunologic and pathological
studies in various comorbid conditions with AR and/or OM in the future.
We demonstrated that pathological changes in the ME mucosa derived
from acute bacterial OM were more severe and needed longer recovery
times in mice with comorbid AR compared to those without AR. This
indicates that AR affects the progression and subsequent recovery of
acute bacterial OM. In consultation with AR children and their parents,
this study will provide more detailed information on the importance of
AR control in OM occurrence and recovery. However, we do not yet
understand the relationship between Thl and Th2 cytokines in the
pathogenesis of acute OM and AR and whether OM affects AR. Further,
studies are needed to evaluate the mechanism and relationship between
AR and OM. These studies will contribute to the advancement in the
understanding and treatment of childhood OM with AR.

5. Conclusion

The inflammatory reaction to NTHi was more intense and lasted
longer in the AR + OM group in mice. These findings suggested that
bacterial OM in allergic subjects can develop to a more severe stage and
is resolved more slowly.
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